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Nuclear Magnetic Resonance Spectra of Nitrogen-15 Enriched Octa-
ethylporphyrin and its Derivatives

By Keiichi Kawano, Yukihiro Ozaki, and Yoshimasa Kyogoku,” Institute for Protein Research, Osaka Uni-
versity, Suita, Osaka 565, Japan
Hisanobu Ogoshi, Hiroshi Sugimoto, and Zen-Ichi Yoshida, Department of Synthetic Chemistry, Faculty
of Engineering, Kyoto University, Yoshida, Sakyo-ku, Kyoto 606, Japan

97% 5N-Enriched octaethylporphyrin [1®N,JOEPH, and its mono- and di-NV-methy! derivatives were synthesized
by the use of Nal>NQ, as a starting material. 1N N.m.r. at 10 MHz and H n.m.r. spectra at 100 MHz were ob-
tained for these compounds and the metal complexes of [1N,JOEP with Mg™, Zn™, Cd™, Nil, and Fe™. 13C
N.m.r. spectra at 26 MHz were also measured for the metal complexes. As shown previously 3N and 'H spectra of
[**N,]JOEPH, in CDCl; have indicated that the two central hydrogens move around the four nitrogen atoms
rapidly enough to maintain four-fold symmetry on the n.m.r. time scale at higher temperatures, while they are fixed
on two of the nitrogen atoms at lower temperatures. The temperature dependence of the spectra of [18N,]-
OEPMeH and [*N,JOEPMe,H+ has also revealed that the hydrogen of OEPMeH is fixed on the nitrogen located
opposite to AV-methyl group, while that of OEPMe,H* exchanges rapidly between two nitrogens even below room
temperatures. The 15N resonance of the Nif complex of [*N,]OEP is distinct from the other diamagnetic metal
complexes and located at remarkably higher field. Similar distinct shifts were observed for the 13C resonance of
the a-carbon of the Nicomplex. The *H spectrum of the methine proton of [ 8N,JOEPH, was shown to be coupled
to two N nuclei leading to a triplet. The metal complexes. however, showed more complicated spectral patterns.
Their fine structures are due to * virtual coupling * and arise from the coupling between 3N nuclei via the central
metal ion. The extent of the coupling depends remarkably on the metal ions.

THE mechanism of NH tautomerism in free-base porphy-  strong though fairly normal hydrogen bonds.1* X-Ray
rins has been examined by several spectroscopic tech- and neutron diffraction studies have given two types of

niques.

Lr. spectra showed the existence of fairly

8 G. Badger, R. Harris, R. Jones, and J. Sasse, J. Ckem. Soc.,

1 C. Vestling and J. Downing, J. Amer. Chem. Soc., 1939, 61, 1962, 4329.
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2 8. Mason, J. Chem. Soc., 1958, 976, 4, 579.
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information on the position of the central protons.
Triclinic forms of TPP (tetraphenylporphin) > and OEP
(octaethylporphyrin) ¢ crystals show that the inner
hydrogens are attached to the opposite pyrrole nitrogens,
while the tetragonal form of TPP includes the NH
arrangement distributed randomly.” X-Ray photo-
electron spectroscopy has also revealed that hydrogen
atoms are attached to opposing nitrogens.®® In addi-
tion to this information for solids, dynamic aspects of
NH tautomerism have been investigated by 'H and
13C n.m.r. spectroscopy. The data showed that two
central hydrogen atoms are located at two opposing
nitrogens at low temperatures but exchange sufficiently
rapidly- such that the chemical shift differences are
averaged at higher temperatures1014¢ Tor NH tauto-
merism, however, 1N n.m.r. should give more detailed
information, because of the direct participation of
nitrogen atoms. In a preliminary communication we
reported the N n.m.r. spectrum of 1N-enriched octa-
ethylporphyrin ([1°N,]JOEPH,) giving direct evidence for
the tautomeric structure based on 'H and 13C data.l®
Similar conclusions resulting from 15N n.m.r. data were
recently reached by other groups for 5N-enriched
protoporphyrin-IX 6 and TPP.1%18 Here we report the
detailed results for [*®N,JOEPH, and present new evi-
dence for N-alkylated porphyrins such as N-methyl-
and NN'-dimethyl-octaethylporphyrins ([**N,JOEPMeH
and [N, OEPMe,H*) about whose tautomerism little is
known.1%:20

When metal ions are incorporated in the porphyrins,
the electron density on nitrogen is affected by the nature
of the metal-nitrogen bonding.?! In this paper the
BN resonance signals of some diamagnetic metal com-
plexes of [1°N,JOEP are reported. In the course of the
study it was found that the 'H resonance signal of the
methine proton is split by coupling to N and the fine
structure of the signal is caused by ®N-15N spin-spin
coupling via the central metal ion. The chemical shifts
and spin—-spin coupling constants indicate the nature of
the metal-nitrogen bonding in the metalloporphyrin.

EXPERIMENTAL

The ®N label was incorporated into OEPH, by Knorr
synthesis of ethyl 3-acetyl-4-ethyl-2-methylpyrrole-5-
carboxylate using Na®NO, (97.3 atom9%,; Merck). The
15N content was confirmed by mass spectroscopy. Details
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of the synthesis of OEPH,, its Mg, CdH, Nill, Zn'I and
Fell chelates,?? and OEPMeH and OEPMe,H* 1 are
described in the literature. The samples were dissolved in
CDCl,, and the spectra of the dications were measured in
trifluoroacetic acid. To keep the iron(i1) low spin state the
FellOEP complex was stored in pyridine containing an
excess of SnCl,. 13N Spectra were obtained at 10.09 MHz
with a JEOL PFT-100 pulse Fourier transform n.m.r.
spectrometer. Spectra were recorded with noise modulated
H decoupling (2.5 KHz), and in some measurements of the
free bases, spectra were taken in the gated proton irradi-
ation mode allowing the observation of proton coupled but
intensity enhanced spectra by the nuclear Overhauser effect
(NOE). On the other hand »N n.m.r. of metal complexes
were obtained in the proton decoupled mode without NOE
to reduce the decrease in intensity with negative NOE.
Spectra were spread over 5 kHz with 8 192 data points;
resolution due to digitalization was 1.22 Hz, i.e. 0.12 p.p.m.
for N. The normal operating conditions employed were:
pulse width 20 ps (50° flip angle) and pulse delay 2 s. For
the measurement of metal complexes 10 s was taken as the
interval because of the long relaxation times. Sample
tubes were 10 mm in diameter with a 2 mm coaxial tube
containing NH,»NO, solution in C,D SO, which provides
the reference standard and external field-frequency lock.
The chemical shifts were measured upfield in p.p.m.
relative to external NQO,~. The temperature of the probe
was ca. 28°.  TH and ¥C n.m.r. spectra were obtained in the
Fourier transform mode on a JEOL FX-100 spectrometer
operating at 99.6 and 25.05 MHz, respectively, with
tetramethylsilane as standard. 'H-N Heteronuclear
INDOR was performed on a JEOL PFT-100 spectrometer
equipped with a PA-1 amplifying unit and fitted with a
matching network tuned for 10 MHz. The radiofrequency
field was changed manually and spectra were monitored on
the display unit of a EC-100 computer.

RESULTS AND DISCUSSION

NH Tautomerism of Free Base Octaethylporphy-
7in.—The proton decoupled N n.m.r. spectrum of
OEPH, at —53 °C shows two signals with negative
NOE (Figure 1, left). The position of the upper field
resonance is comparable with that of pyrrole 2 and the
dication [¥N,JOEPH,2?* in trifluoroacetic acid (TFA),
and thus the signal was assigned to the protonated
nitrogen (Table 1). The lower resonance appears 104
p.p.m. downfield from the higher. As it is known that
the nitrogen resonance of pyridine shifts upfield on
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protonation by ca. 100 p.p.m.,2425 the lower signal is
assignable to the non-protonated nitrogen. Since we
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methine protons (~CH=) in [15N,JOEPH, give a single
resonance signal indicative of C,, symmetry. The

TaABLE 1
15N Chemical shifts and coupling constants J(1¥*N—H) ot [3N,JOEP derivatives
Chemical shifts *

Compounds Solvent  T'/°C

[**N,]JOEPH, CDCl, 28

—53

[1*N,JOEPH >+ TFA R.t.}
[5N,JOEPMeH CDCly R.t.
[N,JOEPMeH,** TFA R.t.
[*N,JOEPMe,H* CDCl, R.t.
[**N,JOEPMe,H,%* TFA R.t.

* Shifts are relative to external NH,NO; in [*H,]DMSO.

can distinguish two kinds of nitrogens, the two central
hydrogens seem to be fixed on two of the four nitrogen

Ay  28°C
Al %°C
1
- - 90 °C
fufk\\ww- 83 °C
" - 28°C mmw
v“‘j 30 ﬂc
. ' -53°C -59°C
| IS R T S SR S )
0 2 4 6ppm
0 00 200 300 ppm.

FiGure 1 Temperature dependence of the proton decoupled
LN n.m.r. spectra (left) and H resonances of the NH groups
(right) of [*N,JOEPH, in CDCl,. The concentration of the
solution was 0.019M and each spectrum was accumulated 20 000
times. The top spectra are those of the dication [1¥N]-
OEPH,** in TFA. N Chemical shifts are in p.p.m. upfield
from external NH5NO, in C,D,SO and H chemical shifts
are from internal Me,Si

atoms at lower temperatures. The two protons are
on opposing and not on adjacent nitrogens, since the

24 M. Witanowski, L. Stefaniak, and H. Januszewski, in
‘ Nitrogen N.M.R.,’ eds. M. Witanowskiand G. A. Webb, Plenum
Press, New York, 1973, p. 227.

25 V. Markowski, G. R. Sullivan, and J. D. Roberts, J. Amer.
Chem. Soc., 1977, 99, 714.

(p.p.m.) Assignment 1J(**N—-H)/Hz
191.0 N === NH 24
139.7 N
243.3 NH 97
253.7 NH 93
125.8 N
243.3 NH 100
256.0 NMe
251.3 NH (adjacent) 92
252.9 NH (opposite)

259.0 NMe

183.5 N === NH*+ 48
256.3 NMe

254.5 NH

260.8 NMe

1 R.t. = room temperature.

negative NOE of the lower field signal of the proton-
free nitrogens in OEPH, is also observed for [15N,]-
pheophytin a2 and [®N,JTPP 17 probably due to
exchange being slow on the chemical shift time scale but
fast on the 7 time scale, and/or to their proximity to
the fixed hydrogens.2”28 The two resonance signals coal-
esced around room temperature and a sharp inverted
signal is seen at the central position of the two signals at
higher temperatures. Thisindicates that the two central
protons move around the four nitrogen atoms rapidly

Figure 2 Tautomeric structures for [1*N,]JOEPH, at and above
room temperature

enough to maintain four-fold symmetry on the n.m.r.
time scale at higher temperatures (Ifigure 2). The
appearance of a single sharp nitrogen signal for the
dication [N,]JOEPH,2* shows the equivalence of the four
protonated nitrogens. The shift values listed in Table
1 roughly agree with those of [*®N,]TPP,17.18 and ['5N,]-
pheophytin a except for the nitrogen in the reduced ring
Iv.2

The quintet for the NH protons at higher temper-
atures collapsed at ca. —20 °C and changed into a
doublet [ J(15N-H) 98 Hz] at lower temperatures (Figure

26 S, G. Boxer, G. L. Closs, and J. J. Katz, J. Amer. Chem.
Soc., 1974, 96, 7058.

27 R. L. Lichter and J. D. Roberts, J. Amey. Chem. Soc., 1971,
93, 3200.

28 K. Yagi, N. Ohishi, A. Takai, K. Kawano, and Y. Kyogoku,
Biochemistry, 1976, 15, 28717.
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1, right). The coupling constant is identical with those
reported for [15N,]pheophytin a,2¢ [15N,]protoporphyrin-
IX methyl ester,'® and [1°N,]TPP 8 and is typical of sp3-
hybridized nitrogen.?? The quintet for the NH protons
and the triplet for the central nitrogens are unique
phenomena compared with the usual n.m.r. exchange
processes in which spin multiplets collapse to a singlet
by increasing the exchange rate. This result is caused
by intramolecular exchange of the protons among the
four nitrogens, while normal exchange processes involve
intermolecular exchange among an infinite number of
sites.

It is known that the NH proton resonance in porphy-
rins has variable shift and is sometimes very broad.l
In our preliminary work the NH proton signal appeared
as a broad singlet at room temperature. However Irving
and Lapidot 18 observed a multiplet for NH protons of
[15N,]protoporphyrin-IX methyl ester in which a quintet
was overlaid with a quartet. On the other hand, they
obtained broad resonances for the NH protons of
[15N,]coproporphyrin-IIT methyl ester. We have also
succeeded in observing a quintet for the NH protons of
OEPH, (Figure 1), when a solution of [1N,JOEPH, in
CDCl; was shaken with the same amount of distilled
water and the water phase removed. However, the
sharp quintet broadened when the solution of [1’N,]-
OEPH, was held in a n.m.r. tube for a long time or
exposed to intense light. Water treatment of the solu-
tion made the signal sharp again. A deuteriated pyri-
dine solution of [1N,JOEPH,, on the contrary, gives a
sharp quintet without water treatment and is affected
neither by long standing of the solution nor exposure to
intense light. One possible explanation for the pheno-
mena is the interaction of free base porphyrin with water
soluble paramagnetic substances such as the radical
produced by decomposition of chloroform. However, it
is difficult to rule out the possibility of broadening
resulting from proton exchange between the NH groups
and contaminated water.

The quintet for the NH proton resonance also reveals
that the two inner protons are equally coupled to four
nitrogens with a coupling constant [1J(15N-H) 24.5 Hz]
which is a quarter of the coupling constant obtained at
lower temperatures. From this, it is expected that
proton-coupled N n.m.r. provides a triplet with the
same coupling constant at higher temperatures. This
was actually observed for a deuteriated pyridine solution
of ®'N,JOEPH, at 70 °C and the value of 23 + 3 Hz
is in agreement with that of the NH proton.

It is known that octaethylporphyrin in TFA has a
dication structure. It gave a single sharp resonance at
3 253.7 p.p.m. at 30°. The resonance position is 10-—~15
p.p-m. higher than that of TPP dication,” which was
measured in chloroform solution with an excess of TFA.
The NH proton resonance of the dication in TFA
appeared as a doublet [*J(!5N-H) 93 Hz] whose value

29 G. Binsch, J. B. Lambert, B. W. Raoberts, and j. D. Roberts,
J. Amer. Chem. Soc., 1964, 86, 5564.
3 G. M. McLaughlin, J.C.S. Perkin 11, 1974, 136.
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suggested that the nitrogens have sp? character to some
extent. The appearance of the NH proton resonance
indicates slow exchange with the protons of TFA.

NH Tautomerism of N-Methyloctacthylpor phyrin.—In
the proton-decoupled N n.m.r. spectrum of [®BN,}-
OLEPMeH there are three signals with a negative NOE
over the temperature range examined (Figure 3, left).
The position of the central intense resonance coincides
with that of the protonated nitrogen in OEPH, at lower
temperatures and is thus reasonably assigned to the
protonated nitrogen (Table 1). The weak upper field
resonance is located at a position near the chemical shift
of the protonated nitrogen and is assignable to the
NMe nitrogen. As it is known that there is little effect

N A
\LL 26 °C

1
M"‘%-.J 81 °C

28 °C

"‘L’“\ﬂ/“'\\,.-/_ 72 °C

w/\/\k, 26°C

.._.wam_rwr“*w 28 °C

W’/_,T ~50 °C

0 100 200 300 ppm.

Ficure 3 Temperature dependence of the proton decoupled
15N n.m.r. spectra (left) and 'H resonances of the NH groups
(right) of [13N,JOEPMeH in CDCl;. The concentration of the
solution was 0.030M and each spectrum was accumulated
10 000-—20 000 times. The top spectra are those of the di-
cation [¥N,JOEPMeH,?t in TFA

-59°C

| T R S DR
0 2 4 6 ppm

on the nitrogen chemical shift by replacing H with Me
on pyrrole-type nitrogen atoms,? the upfield shift of
NMe compared with that of NH of [¥*N,]JOEPH, and
[1°N,]JOEPMeH may be due to the sp® hybridization 3°
of the nitrogen. The weak lowest field resonance is
positioned around the chemical shift of the nonproton-
ated nitrogen in OEPH, at lower temperatures and is
ascribed to the two nonprotonated nitrogens. Thus the
central hydrogen of OEPMeH appears to be fixed on
the opposite nitrogen to NMe at room temperature
(Figure 4A). The negative NOE of the two peaks of the
proton-free nitrogens may be due to the remote methyl
protons 2728 rather than slow exchange of the NH
protons as for OEPH,,.

The NH proton resonance of [BN,JOEPMeH
appeared as a sharp doublet with an N-H coupling
constant of 101 Hz (Figure 3, right). Raising, the
temperature allowed NH to be observed as a broad
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doublet which was not sharpened by water treatment.
As the chemical shift of the NH proton was very depen-
dent upon temperature and the imino proton signal of
non-labelled OEPMeH was also broad, the broadening
was probably due to intermolecular proton exchange
among the NH protons or with contaminated water in
CDClgsolution. The difference in the behaviour of protons
between OEPH, and OEPMeH may be attributed to
the enhanced basicity of nitrogen in OEP-MeH.1%20

The dication of OEPMeH in trifluoroacetic acid gave
three inverted signals at ca. 8 250 p.p.m. The highest
resonance peak was assigned to the methylated nitrogen
based on comparison with the resonance positions of
free acid OEPMeH and the dication of NN’-dimethyl-
OEP discussed below. The intensity of the signal at
§ 251.3 p.p.m. is twice that of the peak at § 252.9 p.p.m.
Thus the former resonance is assigned to the nitrogen
atoms adjacent to the methylated nitrogen.

1H N.m.r. of the NH protons of the dication [5N,]-
OEPMeH," in TFA showed a doublet with NH coupling
of 92 Hz, similar to that of OEPH?*.

NH Tautomerism of NN'-Dimethyloctacthylporphy-
rin.—The proton-decoupled N n.m.r. spectra of [¥N,]-
OEPMe,H* where two adjacent nitrogens are methyl-
ated in a frans-manner above and below the porphyrin
plane exhibited two nitrogen signals at room temper-
ature (Figure 5, left). The upper field weak resonance
is at the same position as the NMe signal of [18N,]-
OEPMeH and is assigned to the methylated nitrogens.
The negative NOE of the signal may be ascribed the same
cause as for monomethylated OEP. The lower field
intense inverted peak is positioned just at the centre of
the protonated and non-protonated nitrogen resonances
of ®N,JOEPMeH (Table 1). It means that the central
proton exchanges rapidly between the two nitrogens
(Figure 4B). If so, the inner hvdrogen is equally coupled
to the two nitrogens and the H-1’N coupling constant

(A)

(8) e

—_—

Ficure 4 Tautomeric structures of (A) [18N,JOEPMeH and (B)
[15N,JOEPMe,H+

should be half that of a fixed hydrogen. Actually, a

doublet [!J(**N-H) 48 Hz] was observed in the proton-

coupled 1N n.m.r. spectrum.
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The 'H n.m.r. spectrum of [13N,JOEPMe,H* confirmed
the above explanation. The NH proton resonance
appeared as a triplet with an N-H coupling constant

A T

28°C 26°C

R«J\' 84°C

- I 72°C
‘JM 26,(:

. 28°C

[ STy 1, ¥ 1)
-59°C
077TI00 200 300ppm. 0 2 4  Bppm

FiGure 6§ Temperature dependence of the proton decoupled 1¥N
n.m.r. spectra (left) and 'H resonances of the NH groups (right)
of [BN,JOEPMe,H+Cl~ in CDCl,. The concentration of the
solution was 0.030M and each spectrum was accumulated
10 000—20 000 times. The top spectra are those of the
dication [**N,JOEPMe,H,* in TFA

of 48 Hz at and below the room temperature (Figure 5,
right). The appearance of the triplet for the NH
proton at —59 °C and two peaks in the 1°N spectrum at
—50 °C reveals that the proton exchanges rapidly on
two nitrogens and is not fixed even at such low temper-
atures. Its behaviour is distinct from those of the fixed
protons in OEPH,. The discrepancy between the two
compounds may be attributed to the high basicity of
dimethylOEP and to the nature of monocation.

An NH proton resonance for the dication [15N,]-
OEPMe,H,2* in TFA was not observed. A previous
paper on non-labelled OEPMe,H,2* reported none for
the proton chemical shift.2? The disappearance of the
NH resonance may be attributed to proton exchange
between the dication and solvent TFA.

15N Chemical Shifts of the Metal Complexes of Octa-
ethylporphyrin—The BN n.m.r. spectra of the metal
complexes of [!8N,Joctaethylporphyrin with Mg™,
Zn™, CdH, Nill, and Fell ions gave single non-inverted
signals and the shift values are collected in Table 2.
Although it was difficult to obtain spectra with high
signal to noise ratios because of the long relaxation time
of the proton-free 15N nuclei, the resonance positions were
confirmed hy INDOR by monitoring the methine proton
resonances which were split by coupling to 5N nuclei.
The Fe complex can be maintained in the iron(r1} low
spin state in pyridine solution in the presence of excess
of SnCl, in a sealed tube. Otherwise, the 15N resonance
could not be seen because of broadening due to the
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presence of paramagnetic species. On the other hand
the Ni complex in pyridine produces paramagnetic
species and its signal is hard to detect. For the other
metal complexes a different solvent was used in each

TABLE 2
15N Chemical shifts of metal complexes of [1°N,JOEP
Chemical shifts

Compounds Solvent (p.p-m.) *
[15N,]Mg(OEP) CDCl, + py t 179.9
[N,]Fell (OEP)(py):  [*H,lpy 187.9
[*N,INi(OEP) CDCl, 257.0
['*N,]Zn(OEP) CDCl; + py 179.2
[**N,]Cd(OEP) [*H;]py 173.1

(165.6, 180.6) 1
* Shifts are relative to external NH,®NO, in [*Hg]DMSO.

t py means the addition of a trace of pyridine. Concentrations

were in the range 0.02—0.06M; spectra are accumulated 7 000—

10 000 times with 10 s intervals. } Satellite peaks due to

spin—-spin coupling with 11Cd or 113Cd [1](!**N—-Cd) 151.4 Hz].
case mainly because of solubility. The solvent effect
on chemical shifts is within a few p.p.m. judged from the
shifts in mixed solvents.

The observed nitrogen chemical shifts of the metal
complexes are § 33—41 p.p.m. upfield from the shifts of
non-protonated nitrogens of [1°N,JOEPH, except for the
Ni complex. The resonance position of the Zn complex,
3 179.2 p.p.m., corresponds to & 1752 p.p.m. of Zn-
[N, TPP reported previously.’” It is also interesting
to compare the nitrogen chemical shift of the Mg complex
with those of [15N,]chlorophyll-a,? ¢.e., the three nitro-
gens except that of the reduced ring in chlorophyll-a
resonate near the frequency for those of MgOEP. Two
satellite peaks at & 165.6 and 180.6 p.p.m. with 109,
intensity of the central peak of CdAOEP were observed.
Natural Cd contains two isotopes with spin 1/2, 111Cd
and M3Cd. Their abundances are 12.9 and 12.39%,
respectively. The satellite peaks must be due to coup-
ling with 11Cd and/or 13Cd.

J.C.S. Perkin 11

state.2L32  As shown in Ramsey’s formula,3 o, depends
upon the values of excitation energy AD;, which are
sometimes substituted by the longer wavelength optical
absorption maxima.?-32 The narrow range of distri-
bution of the 15N chemical shifts of the metal complexes
of OEP may be attributable to their similar absorption
maxima.3* The Nill complex, however, gives a reson-
ance at higher field than the others. As the metal-1°N
bond is stabilized, the value of AE seems to increase, the
absolute value of o, decreases, and the 15N resonance
shifts to higher field. The larger AE of the Ni complex
is revealed by the shorter wavelength absorptions of the
Soret « and § bands.3® The evidence of a strong Ni-N
bond is also manifested in the higher Ni-N vibrational
stretching frequency than those of other metal com-
plexes.3  These facts accord with the high field shift of
the N resonance of the Ni complex. The absorption
maxima of Fe(OEP)(py),, however are close to those
of the Ni complex, though its 1N chemical shift falls
around those of the Mg, Cd, and Zn complexes. In the
case of Fe complexes the 1N chemical shifts depend on
the nature of the bonding between Fe and the fifth and
sixth ligands; this will be discussed elsewhere.3?

To confirm the occurrence of strong Ni-N bonding,
13C resonances were observed for the metal complexes.
As shown in Table 3 the resonance of the «-carbon of
the Ni complex is remarkably higher compared with
those of the other complexes. The effect of Ni-N
bonding is still seen in the chemical shift of the second
nearest nucleus.

IN-15N  Coupling tn Metal Complexes of Octaethyl-
porphyrin—H N.nm.r. spectra of the methine protons in
free base ['*N,]JOEPH, and its metal complexes are shown
in Figure 6. The methine protons in the free base
appeared as a triplet with 3J(1’N-H) of 4.7 Hz owing to
coupling to two 1N nuclei, three bonds removed. On

TasLe 3
13C Chemical shifts of [15N,JOEPH,, ["*N,JOEPH,**, and metal complexes of ["N,]JOEI

Chemical shift (p.p.m.) *

Compounds Solvent Ca Cg Methine CH, CH,
OEPH, CDCly 144.1br 141.4 96.5 19.8 18.5
OEPH, 2 TFA 143.6 147.8 100.9 21.7 18.2
Mg(OEP) CDCl; + py 147.6 142.4 98.0 20.1 19.0
Ielt (OEP)(py). Py 145.5br 145.0 97.5 20.2 19.0
Ni(OEP) CDClg 140.3br 142.4 96.8 19.7 18.3
Zn(OEP) CDCl; 4 py 147.3 141.7 96.7 19.9 18.8
Cd(OEP) CDCl; 4 py 148.7 142.2 97.8 20.0 18.9

* Chemical shifts are relative to tetramethylsilane.

It is known that the resonance position of N shifts
to higher field by ca. 50 p.p.m. when free ammonia is
complexed with a diamagnetic cobalt ion in [Co-
(NH,)e]3*.3 This is mainly attributed to the para-
magnetic term o, in the shielding constant arising from
magnetic mixing of excited states with the ground

31 N. Logan, in ref. 24, p. 340.

32 D, Hervison-Evans and R. E. Richards, Mol. Phys., 1964,
8, 19.

33 N. F. Ramsey, Phys. Rev., 1950, 78, 699.

31 ¢ Porphyrins and Metalloporphyrins,” ed. K. M. Smith,
Elsevier, Amsterdam, 1975, p. 884.

t Split into a doublet coupled to 1¥N [1](**C—-15N) 13.4 Hz].

complexation with the metal ion, however, additional
couplings were observed as shoulders and are attribut-
able to coupling between the nitrogens through the
central metal ion. The multiplets collapsed to singlets
upon irradiation at the ®N resonance frequency. This

3 H. Ogoshi, N. Masai, Z. Yoshida, J. Takemoto, and K. Naka-
moto Bull. Chem. Soc. Japan, 1971, 44, 49.

3¢ H. Ogoshi, Y. Saito, and K. Nakamoto, J. Chkem. Phys., 1972,
57, 4194.

37 Y. Ozaki, K. Yoshikawa, Y. Kyogoku, H. Ogoshi, H. Sugi-
moto, and Z. Yoshida, J.C.S. Chem. Comm., submitted for
publication.
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apparent long range coupling is known as  virtual
coupling '3 and has been observed for the metal com-
plexes containing phosphorus.®® The spectra were
analysed by simulation taking the coupling constants
3J(13’N-H) and 2J(®N-M-15N) into account. Though
the spectra should be simulated as an eight-spin system,
they were approximated as a six-spin system AA’X,X,’
where A’ is the methine proton opposite to A and X the
near and X’ the far nitrogens to A. As it is known that
the coupling between two phosphorus nuclei frans to
each other 2J(P-M~P trans) is usually greater than the
corresponding 2J(P-M—P cis) in the case of phosphine-
metal complexes,®® the coupling constant 2J(1I5N-M-15N
¢is) was neglected in simulation. Actually, simulation
involving 2J(15’N~-M-15N ¢is) provided a complex spec-
trum. Setting 3J(15N-H) and *J(N-M-15N trans) as
5.0 and 50.0 Hz, respectively, the simulated NH protons
appeared as a quintet (Figure 7). The signs of the
coupling constants had no effect on the pattern of the
simulated spectra. A heptet was obtained by decreasing
2J(BN-M-15N trans) to 7.0 Hz, and a triplet with
shoulders was simulated by taking a value of 2.5 Hz.
Thus the patterns of the methine protons in Zn['®N,]-
OEP and Cd[N,JOEP correspond to the simulated
pattern (B) in Figure 7 and those in Mg[*®N,]JOEP,
Ni[1®N,]OEP, and Fe['*N,]OEP to (C).

In the ISN-15N spin-spin coupling constant the
contribution of the spin-orbital interaction becomes
important in addition to the contact term which is pre-
dominant in the proton—proton spin—spin coupling. The
latter effect depends on the electron density at the core
nuclei and on the extent of polarization of the inter-
mediate electron cloud, while the former term reflects
the magnitude of the magnetic field induced by the
electron orbital motion and the spin—orbit term is related
to the total electrons in the system. The virtual

[BN,IOEPH, Mg(®N, JOEP Fel 5N, 10EP(py),
T10HZ
Ni [N, ]OEP Zn[®N4J0EP Cd['5N;]OEP
JA/\k M/Q\/M /\\ \Ar
FiGure 6 'H N.m.r. spectra of the methine protons in metal

complexes of [15N,]JOEP

coupling constants in the simulated spectra depend on the
atomic number of the central metal and thus the contri-
bution of the spin-orbit terms seems important to the

1325

magnitude of N-15N coupling constants. Although
the coupling constant may provide some informations on
the nature of the M-N bonding, it is not directly cor-
related with that obtained from chemical shift data. In

)]
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—

© l ’
Lol bt

e——— 10 Hz

FIGURE 7 Simulated spectra of the methine protons of metal
[15N,Joctaethylporphyrins as a part of AA’X,X’, system with
the constants vy 100 and vg 10 MHz and Jay = Jan = Jux
[2J(¥*N-M—15N ¢45)] 0.0 Hz. (A) 2] (*N—M—15N trans) 50, (B) 7,
and (C) 2.5 Hz

the 'H spectrum of [1N,]chlorophyll-a,? additional
couplings have also been observed as small peaks on both
sides of the central lines of the methine triplets, and
attributed to long range N—H coupling across the central
Mg atom. However, they did not try to simulate the
multiplicity of the methine proton signals as ‘ virtual
coupling .
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