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Synthesis and Versatile Reactions of p-Azidotetraarylporphyrins
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A variety of B-azidotetraarylporphyrins were conveniently
synthesized by classical conversion of the amino groups of -
aminotetraarylporphyrins into azido groups through diazoti-
zation and subsequent treatment with sodium azide. Their

thermal reaction and Cu'-catalyzed 1,3-dipolar cycloaddition
with various alkynes were also reported.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Over the past decade, functionalization of porphyrins has
aroused considerable interest because incorporation of
functionality into the porphyrin core can systematically
modulate the properties of the porphyrin macrocycle and
also afford access to various porphyrin-based molecular
architecture by providing a reactive site for further bond
construction.!"! Significant efforts have been devoted to de-
velop new and efficient methods to functionalize porphy-
rins. For example, bromoporphyrins are proven to be robust
and efficient catalysts for various oxidation reactions be-
cause of the introduction of the electron-withdrawing bro-
mine atoms into the porphyrin periphery.’! Moreover, they
have been intensively used in various cross-coupling reac-
tions for facile and efficient synthesis of a large amount of
novel and potentially useful porphyrins.[! Introduction of
azido groups at the periphery of the porphyrins remain
sparse although organic azides are valuable intermediates
and widely used in organic synthesis.! To continue our on-
going efforts on porphyrin functionalization,?*1 we
herein present the synthesis and versatile reactions of B-
azido-substituted tetraarylporphyrins.

Results and Discussion

Our initial attempts to synthesize azido-substituted por-
phyrins were conducted with (2-bromo-5,10,15,20-tet-
raphenylporphyrinato)nickel(I)*¢-4l and sodium azide un-
der the conditions reported by Ma’s group.!®) Unfortunately,
the reaction resulted in complete recovery of the starting
bromoporphyrin. The ready availability of f-aminotetraar-
ylporphyrins and the well-known conversion of an amino
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group into an azido group by diazotization and subsequent
treatment with sodium azide inspired our synthetic ap-
proach to the target azido porphyrins. As outlined in
Scheme 1, nitro porphyrins Ni2 are readily prepared by a
literature chromatography-free procedure from porphyrin
Nil on gram-scale in good yields of 68-85%.["1 Reduction
of nitro derivatives Ni2 with an improved Sn/HCI procedure
provides amino porphyrins Ni3.[”"! Diazotization by reac-
tion with H,SO4/NaNO, in THF, followed by in situ reac-
tion with NaNj; led to the formation of B-azidotetraarylpor-
phyrins Ni4 in high yields up to 88-95%.[ These azido
porphyrins are unstable and decompose under laboratory
illumination at room temperature, but can be preserved
without decomposition in a refrigerator for a long time. To
the best of our knowledge, this is the first reported isolation

of azido-substituted porphyrins.
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Scheme 1. Synthesis of B-azidotetraarylporphyrins.
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With these B-azidotetraarylporphyrins (Scheme 2) in
hand, we first investigated their thermal reaction. When a
toluene solution of Ni4a was heated at reflux under a nitro-
gen atmosphere for 2 h, the color of the solution changed
from red to green. TLC revealed the complete consumption
of the starting porphyrin and the formation of a green main
product. We were delighted to find, according to spectral
analysis, that it was an interesting fused six-membered por-
phyrin, NiSa. Porphyrin Ni5a might be produced by in situ
insertion of the nitrene into a C—H bond of a phenyl ring
at the adjacent meso position. The X-ray structure of NiSal®!
evidently demonstrated a Ni'! porphyrin skeleton that dis-
plays strongly typical ruffle distortion.’! (Figure 1) Because
of the C-N bond formation that locks the meso-phenyl
group into the plane of the newly formed six-membered
ring, the UV/Vis spectrum of Ni5 demonstrates a large ba-
thochromic shift and broadening of the Soret band. De-
pending on the nature of the substituents, the yields for
various B-azidotetraarylporphyrins varied from 60 to 85%.
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Scheme 2. Thermal reaction of various B-azidotetraarylporphyrins.

Recently, by making use of some selective reactions,
“click chemistry” has emerged as a convenient and effective
approach for the preparation of a large amount of novel
compounds with desired functionalities through simple
workup and purification procedures under benign reaction
conditions.['% The Cu'-catalyzed Huisgen 1,3-dipolar cyclo-
addition of azides and alkynes, which results in 1,2,3-tri-
azoles, is one of the most important and powerful click re-
actions.['' Introduction of 1,2,3-triazole into the porphyrin
macrocycle should impose interesting and different proper-
ties to the porphyrin ring. Subsequently, we tried to subject
the azido porphyrins to the click reaction. By using Nida
and phenylacetylene 6a as model substrates, we studied
various reaction conditions to obtain optimal conditions.
As summarized in Table 1, the reaction with either Cul or
CuCl as the catalyst resulted in an inseparable complex
mixture (Entries 1 and 2, Table 1). When CuBr(PPhs); was
utilized, Ni7 instead of desired Ni8a was obtained as the
sole product in quantitative yield (Entry 3, Table 1).
Sharpless et al.['%! recently found that the catalyst for Hu-
isgen 1,3-dipolar cycloaddition is better prepared in situ by
the reduction of Cu'! salts with ascorbic acid; this method
gave good yields of desired Ni8a (Entry 4, Table 1). Reac-
tion temperatures were also found to influence the yield of
the product and the reaction speed. High temperatures
markedly accelerated the reaction (Entry 5, Table 1), but
1420
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Figure 1. X-ray crystal structure (top), side view (middle), and dis-
placements (in 0.01 A) of the porphyrin core atoms from their
least-squares plane of the nitrogen atoms (bottom) of Ni5Sa. The
solvated molecules and hydrogen atoms were omitted for clarity.
Representative bond lengths [A] and angles [°] are as follows: Ni—
N1 1.920(4), Ni-N2 1.909(4), Ni-N3 1.936(4), Ni-N4 1.914(4),
C3-C2 1.326(7), C2-C1 1.431(7), C1-C20 1.387(7), C20-C39
1.485(7), C39-C44 1.395(7), C7-C8 1.364(7), C8-C9 1.418(7), C9-
C10 1.353(7), C10-C27 1.467(7), C27-C28 1.432(7), C28-N5
1.416(7), N5-C8 1.346(7), N1-Ni-N3 178.65(17), N2-Ni-N4
178.09(16), N1-Ni-N2 90.39(16), N2-Ni-N3 88.50(17), C8-N5-
C28 120.0(5), C8-C9-C10 122.0(5), C10-C11-C27 125.9(5), C2—
C1-C20 126.1(5), C18-C19-C20 123.9(5).

too high of a temperature may be harmful, which leads to
partial decomposition of the starting azido porphyrin and
lower yield of the product (Entry 6, Table 1). Among vari-
ous solvents screened, DMF stood out (Entries 7-10,
Table 1). The optimal reaction conditions include the use
of DMF as the solvent heated at 50 °C in the presence of
CuSO,+5H,0/ascorbic acid.

Under the optimal reaction conditions, several represen-
tative alkynes were smoothly subjected to the cycloaddition
reaction. As shown in Scheme 3, an alkyne with an elec-
tron-withdrawing group was more reactive than an elec-
tron-donating group, which is in line with the literature.['!]
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Table 1. The Huisgen 1,3-dipolar cycloaddition reaction of azido-
porphyrin Nida and alkyne 6a under various conditions.[

Va $> complex mixture
Ph  N=pPh,
Ph N,
Ph Ph
Ph P+ =—pn< _CuBr(PPhs)s Ni7
Ph
N
Ph N/\/ \J/
Ph Ph N
Nida 6a
\_ CusSOs5H,0
ascorbic acid Ph Ph
Ni8a
Ph
Entry Cu! Solvent T t Product
[°C]  [h]  Yield [%]®™
1 Cul DMF 25 24 el
2 CuCl DMF 25 24 el
3 CuBr(PPhy); DMF 25 24 Ni7 98
4 CuSO,45H,0! DMF 25 24 Ni8a 92
5 CuSO,45H,0! DMF 50 3 Ni8a 92
6 CuSO,45H,0! DMF 100 2 Ni8a 70
7 CuS0,45H,0  DMF/CH,Cl, 50 24 Ni8a 30111
8 CuS0,45H,0!  CH,Cl, 50 24 el
9 CuSO,45H,0!  THF 50 24 el
10 CuS0,45H,0!  CH,Cl,/MeOH 50 24 bl

[a] Reactions were conducted under a N, atmosphere with Nida
(30 mg, 1.0 equiv.) and 5a (1.5 equiv.) in the presence of catalyst
(10 mol-%). [b] Isolated yields. [c] The reaction resulted in an in-
separable complex mixture. [d] Based on the catalyst used. [e]
Ascorbic acid (0.5 equiv.) was used as a cocatalyst. [f] Recovery of
Nida: 65%. [g] No reactions occurred. [h] Only a trace of desired
product Ni8a was obtained. Recovery of Nida: 92%.

Noteworthy is that novel B,meso-1,2,3-triazole-linked bis-
porphyrin array Nil0 was obtained in excellent yield when
meso-ethynyldiphenylporphyrin (Ni9) was used as a sub-
strate. This new connection might provide interesting and
different electronic communication and bestow upon these
products unusual electrooptical and nonlinear optical be-

/N R
N T
Ph N, Ph N
CuSO-5H,0
ascorbic acid
Ph + =—R Ph
Ph DMF,50°C "
Ph . Ph Yield (f)
Nita 6aR =Ph Ni8a R = Ph 92% (2 h)
bR = p-OMePh bR =p-OMePh 5% (24 h)
¢R = m-NO,Ph c¢R=m-NOPh  95% (15 h)
Ph
Ph Ph
CuUSO4-5H,0
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Ph Yield (f) Ph
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Scheme 3. 1,3-Dipolar cycloaddition reactions of Nila and various
alkynes.
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haviors. However, in the case of (2-ethynyl-5,10,15,20-tet-
raphenylporphyrinato)nickel(Il), no reaction occurred un-
der similar conditions, which might be due to bulky steric
hindrance between the two substrates.

Conclusions

In conclusion, we have conveniently synthesized versatile
B-azidotetraarylporphyrins from readily available B-amino-
tetraarylporphyrins. Thermal reaction of these compounds
yields interesting N-containing fused six-membered prod-
ucts. Furthermore, they can be utilized in Cu'-catalyzed 1,3-
dipolar cycloaddition reactions with various alkynes to ef-
fectively introduce the useful triazolyl group into the por-
phyrin periphery. Further studies on the properties of these
new and potentially valuable porphyrins are currently under
investigation.

Supporting Information (see footnote on the first page of this arti-

cle): Detailed experimental procedures and full characterization
data for all compounds synthesized.
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