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ABSTRACT

meso-Mono- or diazidoporphyrins were readily obtained in high yields by the catalyst-free aromatic nucleophilic reaction of the corresponding
bromoporphyrins with azide anions under mild conditions. The molecular structures of the obtained azides were unambiguously determined by
X-ray crystallographic analysis.

Functionalization of the porphyrin periphery is one of
the most important approaches to achieve the construc-
tion of novel porphyrin-based materials with unique
chemical, biological, or optical properties derived from

the extended π-electron system.1 To date, a wide variety
of porphyrins with carbon- or heteroatom-based func-
tional groups have been synthesized through electrophilic
substitutions, nucleophilic reactions involving porphyrin
π-cation radicals, nucleophilic reactions with organome-
tallic reagents followed by oxidation, or transition-metal-
catalyzed coupling reactions.1�7 In particular, a recent
outstanding development of transition metal catalysts
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enabled us to introduce various functional groups in high
yields.6,7 However, several active metal catalysts are
expensive or not commercially available.
meso-Nitrogen-substituted porphyrins are relatively

well-investigated heteroatom-substituted porphyrins be-
cause the introduced substituents strongly affect a π-electron
system of the porphyrin. There have been two typical
synthetic routes to meso-nitrogen-substituted porphyrins.
One is a transformation of an amino group (�NH2),

8which
is introduced by a nitration and a subsequent reduction of
the introduced nitro group.9 The other is a transition-metal-
catalyzed C�N(amine or amide) bond formation from
meso-haloporphyrins described above.6

Azido groups also play important roles in synthetic
chemistry due to their versatile conversion to other func-
tional groups such as amine (by reduction), 1,2,3-triazole
(by cycloaddition with alkyne), and highly reactive nitrene
(by thermal decomposition or photodecomposition).10 De-
spite the synthetic usefulness of the azide groups, there have
been few reports directly concerning azido-substituted
porphyrins.11,12 In a previous report,meso-azidoporphyrin
(Ni complex) was synthesized by treatment of sodium
azide with a diazonium salt prepared from meso-amino-
porphyrin (85% yield).11b However, the synthesis of the

meso-aminoporphyrins is quite cumbersome as described
above. Furthermore, it is quite troublesome to synthesize
meso-diazidoporphyrin by the reported procedure be-
cause of the highly air-sensitive nature of the precursors,
i.e., meso-diaminoporphyrins.13 Therefore, there is still
plenty of room for improvement in the synthetic route to
develop the chemistry of azidoporphyrins. Aromatic
nucleophilic substitution (SNAr) reactions of aryl halides
with an azide anion are facile and efficient procedures to
synthesize aromatic azides, especially in the case of
electron-deficient aromatics.10 However, the SNAr reac-
tions of haloporphyrins have not been energetically in-
vestigated as amethod for peripheral functionalization of
the porphyrins.1,14More recently, Balaban et al. reported
the practical SNAr reactions of meso-bromoporphyrins
with alkylamines.14e,f Herein, we have found that meso-
mono- or dibromodiarylporphyrins undergo the SNAr-
type reaction with an azide anion under mild conditions
without any additive to give the corresponding azidopor-
phyrins in high yields. In addition, we have revealed the
first molecular and crystal structures of mono- and
diazidoporphyrins, which are, to the best of our knowl-
edge, one of the largest aromatic azides confirmed by
X-ray analysis.15

First, we investigated a reaction of a Ni(II) complex of

meso-bromodiarylporphyrin 1a(Ni) with sodium azide.

Typically, 1a(Ni) was treated with 10 equiv of sodium

azide in DMF under a N2 atmosphere with protection

from light. When the reaction was performed at 40 �C for

7 h, the desiredmeso-azidoporphyrin 2a(Ni)was obtained

in 93% yield (Table 1, entry 1). The reaction time was re-

duced by elevating the reaction temperature to 60 �C
(entry 2), although a longer reaction time led to the

thermal decomposition of 2a(Ni) into meso-aminopor-

phyrin 3a(Ni) and undefined brown byproducts (entry 3).

At 90 �C, 2a(Ni) was completely decomposed with the

formation of 3a(Ni) in 25% yield (entry 4). When the

amount of sodium azide was reduced to 5 equiv (entry 5),

a longer reaction time was required to complete the reac-

tion. Therefore, the yield of 2a(Ni)was reduced compared

to entry 3 (the same condition except for the amount of

sodium azide). The reaction proceeded smoothly inDMF

while no reaction proceeded in THF (entry 6). Reaction

of meso-bromodiphenylporphyrin 1b(Ni) also gave azi-

doporphyrin 2b(Ni) in 68% yield (entry 7). Because of the

poor solubility of 1b(Ni) in DMF, a longer reaction time

was required.
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This reaction was also dependent on the central metal
ion of the porphyrin. The reaction of zinc(II) complex
1a(Zn) was significantly slower than that of 1a(Ni).
Furthermore, we were not able to observe the formation
of 2a(Zn) at any stage in this reaction because of the harsh
reaction conditions (Table 1, entry 8). This lower reactiv-
ity of 1a(Zn) is attributed to the increase of the electron
density on the porphyrin core induced by the electro-
positive zinc(II) ion.1,6a In the case of free-base porphyrin
1a(2H), the main product was meso-aminoporphyrin 3a-

(2H) after the complete disappearance of 1a(2H) (entry
9). At an early stage in the reaction, free-base azidopor-
phyrin 2a(2H) was detected by 1HNMR and IR analyses
of the crude reaction mixture but was not able to be
isolated (entry 10). These results indicate that the sub-
stitution in 1a(2H) proceeds slower than that in 1a(Ni)

while the thermal decomposition of the azide 2a(2H)

proceeds much faster than that of 2a(Ni). It is also note-
worthy that the free-base meso-aminodiarylporphyrin is
obtained directly from the corresponding meso-bro-
modiarylporphyrin in modest yield becausemeso-amino-
diarylporphyrin has not been obtained directly by the
reported procedures.9

To demonstrate the versatility of our procedure, the
reaction ofmeso-dibromoporphyrin 4(Ni)was performed
to give meso-diazidoporphyrin 5(Ni). Indeed, treatment
ofmeso-dibromoporphyrin 4a(Ni)with 10 equiv of sodium

azide in DMF at 60 �C for 20 min gave the desired
meso-diazidoporphyrin 5a(Ni) in 86% yield (Scheme 1).
We also examined the reaction of a Ni complex of β-
bromotetraphenylporphyrin 6(Ni) to evaluate the reac-
tivity of β-positions. However, no substituted products
were formed by treatment of 6(Ni) with sodium azide at
90 �C for 18 h.

Obtained meso-azidoporphyrins 2(Ni) and 5(Ni) are
moderately stable at room temperature in the dark to
perform structural analyses including NMR, MS, and
X-ray analyses. By contrast, the photodecomposition of
the azides proceeds gradually upon standing the dilute
solution under room light (Figure S13). The 1H NMR
spectrum of 2a(Ni) is almost identical to that of the
reported one.11b IR spectra of 2a(Ni) and 5a(Ni) display
intense characteristic stretching vibrations of the azide
group at 2107 and 2105 cm�1, respectively (Figures
S7�S8). TheHRESI-TOFMS spectrumof 2a(Ni) clearly
shows a expected molecular ion peak at 903.3966 for
[2a(Ni)]þ (Figures S3�S6). By contrast, the MALDI- or
APCI-TOF MS spectrum of 2a(Ni) does not show an
expected molecular ion peak, but rather a peak corre-
sponding to the nitrogen-eliminated ion [2a(Ni)�N2]

þ.
UV�vis absorption spectra of 2a(Ni) and 5a(Ni) display
typical Soret and Q bands of Ni(II) porphyrins (Figures
S11�S12).
The crystal and molecular structures of 2b(Ni) and

5b(Ni) (Ar = phenyl) were determined by X-ray crystal-
lographic analysis. The crystal structure of 2b(Ni) is
depicted in Figure 1. The porphyrin moiety is slightly
ruffled with the average Ni�N(porphyrin) distance of
1.954 Å. The azido group is slightly tilted out of the
porphyrin moiety with the C(1)�C(20)�N(5)�N(6) di-
hedral angle of 18.6(5)� because of the steric repulsion
between the azide group and the neighboring β-hydrogen
of the porphyrin. The closest contact distance between
azide-N and β-H (N(6)•••H(2)) is 2.37 Å, which is shorter
than the sumof the van derWaals radii (1.55 Åþ 1.20 Å=
2.75 Å).16 The N(5)�N(6) bond length of 1.19 Å is
significantly shorter than that of typical aryl azides (1.22�
1.27 Å), while the N(6)�N(7) bond length of 1.16 Å is
longer (1.11�1.14 Å).15 In addition, the N(5)�N(6)�N(7)
angle of 168.8(4)� is also slightly smaller than that of

Scheme 1. Synthesis of meso-Diazidoporphyrin 5(Ni)

Table 1. Catalyst-Free Aromatic Nucleophilic Substitution
Reaction of meso-Bromoporphyrin 1(M) with Sodium Azidea

yieldb (%)

entry 1(M) solvent

temp

(�C)
time

(h) 2(M) 3(M)

1 1a(Ni) DMF 40 7 93 1

2 1a(Ni) DMF 60 1 77 6

3 1a(Ni) DMF 60 3 59 15c

4 1a(Ni) DMF 90 1.7 0 25c

5d 1a(Ni) DMF 60 16.5 67 8

6 1a(Ni) THF 60 2 0 0

7 1b(Ni) DMF 40 16.5 68 12

8 1a(Zn) DMF 90 18 0 tracee

9 1a(2H) DMF 60 2.5 0 44c

10 1a(2H) DMF 60 0.5 23f 39f

aReaction condition: 1(M) (10 mM), NaN3 (10 equiv) under N2

atmosphere with protection from light. b Isolated yields unless otherwise
noted. cUndefined byproducts were also obtained. d 5 equiv of NaN3.
eRecovery of 1a(Zn). fYields were determined by the intergral ratio of
1H NMR of the crude products.

(16) Bondi, A. J. Phys. Chem. 1964, 68, 441.
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the typical aryl azides (169��174�).15 Figure 2 displays
the crystal structure of diazidoporphyrin 5b(Ni). The
porphyrin moiety is more ruffled with the average Ni�
N(porphyrin) distance of 1.926 Å. Two azide groups were
crystallographically independent with different torsion
angles of 36.7(6)� for azide A (N(5)�N(6)�N(7)) and
67.6(5)� for azide B (N(8)�N(9)�N(10)), respectively.
The bond length and angle of azide A are similar to those
of 2a(Ni) while those of the azide B are rather similar to
those of typical aryl azides. This difference might reflect
the degree of the electronic π-conjugation between the
porphyrin moiety and each azide group.
In summary, we have developed the facile synthesis of

meso-mono- and diazidoporphyrins by the catalyst-free
aromatic nucleophilic substitution of the correspond-
ing meso-bromoporphyrins. The central metal ion of the

porphyrin affects the reactivity of the porphyrin and the
stability of the azides. In addition, the structure of the
obtained azides has been determined by X-ray crystallog-
raphic analysis. X-ray analyses of large aromatic azides
have been less reported despite their widespread synthetic
use. Therefore, our unusual results have important sig-
nificance in the chemistry of organic azides. Application
of the azidoporphyrins based on the versatile reactivity of
the azide groupwill be reported elsewhere. In addition, we
are currently applying our procedure to the practical
syntheses of various meso-heteroatom-substituted por-
phyrins.

Supporting Information Available. The experimental
procedures, physical properties of new compounds, cry-
stallographic data, and a CIF file for 2b(Ni) and 5b(Ni).
This material is available free of charge via the Internet at
http://pubs.acs.org.

Figure 1. Crystal structure of 2b(Ni): (a) ORTEP view (50%
probability), and (b) side view.Diffraction datawere collected at
�180 �C. Selected bond lengths (Å) and angles (deg): C(20)�
N(5) 1.429(4),N(5)�N(6) 1.185(4), N(6)�N(7) 1.162(4),Ni(1)�
N(1) 1.961(2), Ni(1)�N(2) 1.955(3), Ni(1)�N(3) 1.952(3), Ni-
(1)�N(4) 1.949(2), C(20)�N(5)�N(6) 124.9(3), N(5)�N(6)�
N(7) 168.8(4).

Figure 2. Crystal structure of 5b(Ni) (ORTEP, 50% probability).
Diffraction data were collected at �50 �C because of the severe
degradation of the diffraction at lower temperature. Selected
bond lengths (Å) and angles (deg): C(5)�N(5) 1.427(5), N(5)�
N(6) 1.181(5), N(6)�N(7) 1.149(5), C(15)�N(8) 1.471(5), N(8)�
N(9) 1.187(6), N(9)�N(10) 1.131(7), Ni(1)�N(1) 1.926(3),
Ni(1)�N(2) 1.927(3), Ni(1)�N(3) 1.923(3), Ni(1)�N(4) 1.927(3),
C(5)�N(5)�N(6) 121.5(3), N(5)�N(6)�N(7) 169.9(4), C(15)�
N(8)�N(9) 115.9(4), N(8)�N(9)�N(10) 172.5(6).


