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Molecular Structure and Stereochemical Assig
nment of 3-phenyl-5-(2-naphthyl)-l,2t4-trioxo-
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The mechanism of the formation o f ozonides in the ozo

nolysis of alkenes in inert solvents was first proposed by 

Criegee1,2 and later extended by others3,4 in order to include 

stereochemical effects. More recently, attention was focused 

on conformational and stereochemical assignments of ozoni

des. Few experimentally determined ozonide conformations 

have been reported, and only those of simple ozonides have 

been elucidated in detail by microwave spectroscopy.5,6 The 

conclusion was reached both from experimental results and 

theoretical calculations that for ozonides bearing small subs

tituents, the most stable conformation is an oxygen-oxygen 

half-chair of type 1. By contrast, several ozonides derived 

from cyclic and bicyclic olefins were shown to have symmet

rical ether-O-envelope conformations of type 2.

Figure 1. A molecular conformation with the atomic labelling 

scheme of 3-phenyl-5-(2-naphthyl)-l,2,4-trioxolane-3-carbonitrile 

(7).

separation process.

7
Formula 2.
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Fonnula 1.

Stereochemical assignments for cis-trans-isomeric ozonides, 

bearing H-atoms at the ozonide rings, have been made with 

the help of NMR spectroscopy: It was reported that in 

many cases the signals of the CH groups in Zraws-ozonides 

appear in higher field positions than those of the correspon

ding ds-ozonides.7 More equivocal stereo-chemical assignme

nts of cis-trans-ozonides have been made based on the partial 

resolu-tions of the racemates of isomers,8,9 on deute

rium isotope effects10 and particularly on X-ray diffraction 

analysis.

Recently, we have found that ozonolyses of O-methyl oxi

mes like 3 generate predominantly the corresponding carbon

yl oxides like 4 are formed.11 The latter can be trapped with 

dipolarophiles like acyl cyanides to give cyano substituted 

ozonides.

Thus, ozonolysis of 3 in the presence of 5 was done to 

generate two isomeric ozonides which showed 】H NMR sig

nals for the CH groups in the ozonide rings at 8—6.52 and 

8=6.91." Here, only the ozonide absorbing at 8=6.52 could 

b은 isolat은d, whereas the other isomer decomposed over the

The isolated ozonide was a colorless crystalline material 

which melted at 100-101 °C without decomposition.11 We have 

now obtained single crystals of this ozonide (from pentane

ether) and determined its structure by X-ray differaction.14 

This analysis showed (Figure 1) that the naphthyl and the 

phenyl group adopt a trans-arrangement, i.e. the crystalline 

material is isomer 7. This is in line with the above mentio

ned result7 that in the 'H NMR spectra the CH signals of 

trans-ozonides appear upfield as compared to those of cis

ozonides. Depending on this, the structure of the elusive 

second ozonide which was obtained in 난le ozonolysis of 3 

in the presence of 5 can be assigned as 아lown in 6.
The X-ray analysis of 7 revealed the following additional 

salient fe가ures: The atoms C(l), 0(1), C(2) and 0(2) of the 

ozonide ring are in a plane, whereas the second peroxidic 

oxygen atom 0(3) is displaced from the plane by 70.1 pm. 

This half-chair conformation has been shown to be adopted 

by many ozonides12 in the absence of specific steric effects. 

By contrast, in ozonides of norbornenes the 0-atom of the 

ether bridge adopts an out-of-plane position.13 The 0-0 dista

nce of 147.3 pm and the C(l)-O(l)-C(2) angle of 107.1° in 

5 correspond w이 1 with those of unstrained ozonides.12
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Cytochrome c3 are a unique class of heme protein which 

contains four hemes in a single polypeptide.1 Crystal struc

tures of cytochrome c3 from Desulfovibrio vulgaris Miyazaki 

F (DvMF) and Desulfovibrio vulgaris Hildenborough 0刼H) 

have been reported.2,3 All of the 5th and 6th ligands of the 

four hemes are histidyl imidazoles. One of the remarkable 

features of these proteins are the extrmely low redox poten

tials of the four hemes in comparison with other c-type cyto

chromes. The crystal structure, however, did not give a clue 

to the extremely low redox potentials. The assignment of 

the C2 proton signals of NMR spectrum of cytochrome

Figure 1. 400 MHz 咕 NMR spectra of PuMF cytochrome C3 

at p2H 7.0 and 30 7二(A) Non-deuterated. (B) Specifically deute

rated at 나】e C2 position of histidyl imidazole.

C3 carried out in this work, which suggested the role of the 

imidazole rings in realizing the low redox potentials.

Desulfovibrio vulgaris Miyazaki F and Desulfovibrio vulgaris 

Hildenborough were cultured in medium C1 and in a minimal 

medium4 to obtain non-deuterated and deuterated cyto

chrome C3 from Desulfovibrio vulgaris Miyazaki F, respec- 

tiv은ly. In the latter case, 사le C2 proton of the histidyl imida

zole of cytochrome c3 was specifically deuterated by replacing 

L-histidine of the minimal medium with deuterated L-histi- 

dine. Cytochrome c3 were purified according to the reported 

procedure.4 The purity was checked by the purity index (A552 

(red)/A28o(ox)) and SDS-PAGE. 400 MHz NMR spectra 

were measured with a Broker AM-400 NMR spectrometer. 

Chemical shifts are presented in parts per million (ppm) to 

the internal standard 2,2-dimethyl-2-silapentane-5-sulfonate 

(DSS).

There are nine histidine residues in the cytochrome c3 

from I切MF, eight of which are ligands of the four hemes.

NMR spectra of non-deuterated and deuterated ferricyto- 

chrome(?3 from DiMF are presented in Figure 1.

In the spectrum of non-deuterated ferricytochrome c3 from 

ZgMF (Figure 1A), eight extrem이y broad signals were ob

served in the region higher than 0 ppm, which disappeared 

on the deuteration of the C2 position of the imidazole rings 

(Figure IB). Thus, they can be assigned to the C2 protons 

of the histidyl imidazoles coordinated to the heme irons. 

This means that all of the coordinated histidines could be 

detected as separate signals. They were designated as a-h 

from the low to high field. A sharp peak at about 8.9 ppm 

also disappeared. This can be ascribed to the C2 proton of 

non coordinated histidine (His-67), which agrees with the 

earlier assignment.4

The formal potentials of each heme (the microscopic redox 

potentials)of DvMF and DvH cytochrome c3 were estimated 

by the use of NMR.5,6 Macroscopic redox p야entials of cyto

chrome c3 are reported to be -240, -297, —315 and -357 

mV for DvMF, and 一 263, - 321, -329 and -381 mV for 

DvHt respectively.7 The macroscopic redox potentials of DvH. 

cytochrome c3 are lower than those of Zh/MF by about 24 

mV except for the third redox potential. But, the crystal 

structure did not give a clue to the difference redox potential 

between both protein. The C2 proton signals of 사】e coordina

ted imidazole groups were identified in a very high fi이d 

region of the NMR as shown in Figure 2.

It scattered in a wide range from —5 to —22 ppm. The


