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ABSTRACT

major isomer s
?q Y Dimeric assembly

Pd-catalyzed annulation reaction of  meso-hexynyl Zn(1l) porphyrin with 4-amino-3-iodopyridine efficiently provides meso-3-(5-azaindolyl)-substituted
Zn(1l) porphyrin as a major product, which assembles to form a slipped cofacial dimer by the complementary coordination of the pyridine

moiety to the Zn(ll) center. 2-lodoaniline and 2-iodophenol also undergo this 3 + 2] annulation with the  meso-hexynyl Zn(ll) porphyrin to
furnish - meso-indolyl- and benzofuranyl-substituted Zn(Il) porphyrins, respectively.

In recent years, extensive efforts have been made towardiween central metals and coordinating sidearms often play
construction of discrete supramolecular assemblies of por-an important role in these assembling processes. Among
phyrins} which are appealing as models of photosynthetic these, we reported self-sorting assembling of pyridine-
special pairs due to considerably lowered excitation energy appendedneso—meso-linked zinc(ll) diporphyrins, where
levels? as models of photosynthetic antennae due to efficient the angle of the coordinating atom with regard to the
excitation energy hoppingas porous materiafsand as porphyrin plane controls the size and thus structures of the
nonlinear optical materials due to large nonlinear optical assemblie§.In particular, we found thameso-cinchomer-
response®.Complementary coordination interactions be- onimide-appendecthese-meselinked zinc(ll) diporphyrins
exhibit high-fidelity self-sorting assembling to form discrete
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Scheme 1. Self-Sorting Assembling of Scheme 3. Synthesis oimeso-Hexynyl Zn(ll) Porphyrid
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photosynthetic antenna models. We then came up with a

5-azaindolyl-appended porphyrin as a fluorescent building o of pdCh(dppf) as the catalyst in DMF gave one major
block for similar self-sorting assembling. However, the nroduct 2 and a trace amount of byprodu& These
literature has shown that there is no report on the synthesis;ompounds showed their parent ion peaks botimat=

of such porphyrins. Evemeseindolyl-appended porphyrins  1109.61 by ESI-TOF mass spectroscopy that matched well
are not known. Here it is worth noting that the synthesis of \yith the azaindolyl-substituted porphyrins (calcd fa€sNe-

such functionalized porphyrins as pyridine-derivative-ap- 7, = 1109.61) (Scheme 4). In CDCtheH NMR spectrum
pended porphyrins is not trivial through the acid-catalyzed

condensation method.

We propose a transition-metal-catalyzed cyclization on a
side chain of porphyrins for the synthesis of functionalized
porphyrins, demonstrated by the efficient synthesisiese
(5-azaindolyl)-substituted porphyrins via the Pd-catalyzed [3

Scheme 4. Pd-Catalyzed Annulation Reaction of
meso-Hexynyl Zn(ll) Porphyrin with 4-Amino-3-iodopyridine

Ar

+ 2] annulation reaction ofmeso-hexynyl porphyrin and ] Pd catalyst
4-amino-3-iodopyridine. This type of approach is logicall N base
py ype of app gically o, . N

feasible but has not been investigated so far in porphyrin
synthesis. The [3+ 2] annulation of alkynes with 2-iodo-
anilines and related iodoheteroaromatics, which has been

NH, solvent

Ar = 3,5-di-tert-butylphenyl

mainly developed by Larock et al., is a convenient and Ar 1a
selective method for the synthesis of a variety of indole Ar Ar
derivatives (Scheme 2). CaHo !
AN
I L e
Scheme 2. Larock’s [3+ 2] Annulation of Alkynes with N/ C4Hg
2-lodoaniline N 3
Pd(OAC), A2 Ar
PPhg
| Bu4NCI
N . . ' .
@E + Me—==—C(CHg); _ NaCO; | of 2 shows a simple set of peaks with large upfield shifts
NH, 100[32{"':24}1 for the pyridine protons, suggesting the formation of ag-

gregates via the coordination of the pyridine moiety to the
Zn(ll) porphyrin core. In contrast, that 8fdisplays several
N—C(CHy)g broad signals, including upfield-shifted protons, probably
because of nondiscrete assemblies (Supporting Information,
SI). Both2 and3 display shargH NMR spectra in pyridine-

ds (SI). Initially, we anticipated that compourg&iwould be

meseHexynyl Zn(ll) porphyrinslaandlb were prepared ~ the major isqmer on the bgsis of the.previogs wdorkdhere
by the Sonogashira coupling reaction mso-bromopor- & more sterl'cally demanding substituent is located at.the
phyrin with 1-hexyne (Scheme 3). The reaction of hexynyl 2-Position of mdole_s (Scheme 2). Contrary to our expectation,
porphyrin 1a with 4-amino-3-iodopyridine (4 equiv), LiCl ~ however, X-ray d|_ffract|on an_aIyS|s unamblguously e_Iu0|-
(1 equiv), and NgCOs (2 equiv) in the presence of 20 mol  dated that the major product is 3-(5-azaindolyl)-substituted
Zn(ll) porphyrin 2, which forms a dimeric assemblz
(7) (a) Larock, R. C.; Yum, E. KJ. Am. Chem. S0d.991,113, 6689. constructed by the coordination between nitrogen and zinc

(b) Larock, R. C.; Yum, E. K.; Refvik, M. DJ. Org. Chem.1998, 63, i
7652. (c) Ujjainwalla, F.; Warner, Dletrahedron Lett1998,39, 5355. atoms (Figure 1).0n the other hand, although the data were

(d) Wensbo, D.: Eriksson, A.; Jeschke, T.. Annby, U.; Cytonowitz, S.; Preliminary, X-ray diffraction analysis 08 shows that3
Cohen, L. A.Tetrahedron Lett1993,34, 2823. (e) Jeschke, T.; Wensbo, formed a linear assembly as expected from #HeNMR

D.; Annby, U.; Gronowitz, S.; Cohen, L. Aletrahedron Lett1993,34, PR
6471. (f) Park. S S.. Chol, J.-K.. Yum, E. K.. Ha, D.-Tetrahedron Left. spectrum (Sl). After several examinations, the use of a

1998, 39, 627. catalyst combination of B{lbay—P(o-tol); and a toluene
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N
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Table 2. Optimization of the Reaction Conditiohs

base temp, time yield (2/3/1a)
Nay,COs3 100 °C,48 h 51/-b/49
KsCOs 100 °C,48 h 47/5/32
Cs2COs3 100 °C, 48 h 40/2/49
NayCOs3 80°C,48h 23/-/77
NayCOs3 120°C,48 h 16/-4/52
NayCOs3 100 °C, 96 h 61/5/31

a Reaction conditionsla (10 umol), 4-amino-3-iodopyridine (4 equiv),
Pd(dba) (10 mol %), Pé-tol)s (80 mol %), LiCI (1 equiv), base (2 equiv),
in DMF/toluene (1 mL/1 mL), 100C, 48 h.P Not detected.

UV-—vis absorption and fluorescence spectra of these
azaindolyl-appended Zn(Il) porphyrins are shown in Figure
2. The absorption spectrum @fin CHCI; shows a small

(@)
- 4 n
& 34
z
2 £~
Figure 1. X-ray crystal structure of the dimeric assembly2f o
(a) Top view and (b) side view. Hydrogen atoms andso-aryl Ui
groups were omitted for clarity. The thermal ellipsoids were at the 0— >4 SR ——
50% probability level. — 1 1T 1 1 T T 1
350 400 450 500 550 600 650 700
(b) wavelength / nm
DMF mixed solvent turned out to be optimal among the
various reaction conditions we investigated (Tables 1 and §
E
I
=
Table 1. Optimization of the Reaction Conditichs %
|
Pd source ligand solvent yield (2/3/1a) E
PdCly(dpphH) none DMF 50/2/13 [ i
Pdy(dba)s none DMF 217/2/30 500 550 600 650 700 750 800
Pdy(dba)s dppf DMF —/—/-b wavelength / nm
Pda(dba)s P(o-tol); ~ DMF —/—/=b , , _
PdCly(dppf) none DMF/toluene 36/6/38 Figure 2. (a) UV—vis absorption and (b) fluorescence spectra of
Pd(dba)s none DMF/toluene 28/3/57 2 and3 (blue solid line is2 in CHCI; (1.8 x 106 M), blue dashed
Pdy(dba)s PPh DMF/toluene 24/—b/70 line is 2 in pyridine, red solid line i8 in CHCIl; (1.9 x 106 M),
Pda(dba)s dppf DMF/toluene 18/-b/61 red dashed line i8 in pyridine).
Pda(dba)s P(o-toD)s DMF/toluene 51/—b/49

a Reaction conditionsla (10 umol), 4-amino-3-iodopyridine (4 equiv), splitting of the Soret band at 430 nm and almost the same
Pd source (20 mol %, as palladium), ligand (80 mol %), LiCl (1 equiv), P 9 Q

Na,CO;s (2 equiv), in DMF (1 mL) or DMF/toluene (1 mL/1 mL), 10T, bands as the spectra @ and 3 in pyridine, indicating
48 h.” Not detected. pyridine coordination to the zinc porphyrin. These suggest
that 2 forms the dimeric assembly even in such a highly
) _ diluted solution. In contrast, the aggregate3a$ completely
2). On the other hand, Ni(ll) porphyrin and free-base isgociated in this concentration. The fluorescence spectrum
porphyrln were almost unreactive under the same reaction » in CHCl; is concentration dependent in the range of
conditions. roughly 108 to 107 M (SI). On the basis of absorption
. _ spectra in pyridine, the lower energy bands at 655 nm at

(8) Crystallographic_data fo2: C;7HgaNeCl30Zn, My, = 1291.30, .
triclinic, space grougPi (No. 2), a = 11.7096(19)b = 20.183(3).c = <108 M and at 665 nm at-10" M can be ascribed to
i%-9$5(5)9/é|?< =§8.296(?i).f6j 94-442(32)&/ =296.F059§3;)3°% = 7f|381,(2) four-coordinate and five-coordinate zinc porphyrin units,

s = , = 1. g cm?, = Z. For rerlections . . H . :
measuredR; = O.E)aslacg, wR = 0.170 for 25307 reflections with [> 20- respgctlvely. A 9°9d fit for the_Obs_"erved SlngIdal vae IS
()], GOF = 1.065. obtained by assuming porphyrin dimer formati@g)(which
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Scheme 5. Pd-Catalyzed Annulation Reaction of
meso-Hexynyl Zn(ll) Porphyrin with 2-lodoaniline and

2-lodophenol
Ar
Pdg(dba)g
| LiCl
——C4Hgy + ©j Na,COs -
XH DMF / toluene
100 °C, 96 h
Ar 1b Ar = 3,5-di- tert-butylphenyl
C4Hg
/ i T
+ N\
C4Hg
= ): 60% X NH 14%
= 55% = 13%

gives an association constantif = 1.0 x 10° M~% On
the other hand, the fluorescence spectrum3ofs not
concentration dependent in the range of % or lower,

substituted porphyrind and5 (Scheme 5). In these cases,
the addition of trip-tolyl)phosphine as the ligand lowered
yields of 4 and5. meso-3-Indolyl-substituted porphyrita
was obtained as a major product, of which assignment was
determined on the basis of the chemical shifts of protons on
the indole ring compared to the nonsubstituted indole. The
IH NMR spectrum ofda exhibits a slight downfield shift
for the 4-position of the indole ring, probably because of
the ring current effect of the porphyrin core, while peaks of
5a stay in the same region for indole protons as the
nonsubstituted indolemese3-Benzofuranyl porphyrirdb
was also obtained in good yield as the major isomer.

In summary, the efficient synthesis imiese5-azaindolyl-,
indolyl-, and benzofuranyl-substituted porphyrins has been
achieved through a Pd-catalyzed annulation reactieeso-
5-Azaindolyl Zn(ll) porphyrin forms a dimeric assembly by
the coordination of the pyridyl moiety to the Zn(ll) center.
This type of modification on porphyrin substituents after
porphyrin synthesis would be useful to gain highly func-
tionalized porphyrinic molecules. Further investigations on
the supramolecular chemistry and photochemistry of por-
phyrin arrays obtained by this protocol are currently being
investigated in our laboratory.
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assemblies based on these molecules are expected to workedures, compound data, association constant? o 3,

as photosynthetic antenna models.

preliminary X-ray structure foB, and crystallographic data

2-lodoaniline and 2-iodophenol also undergo similar [3 for 2in CIF format. This material is available free of charge

+ 2] annulation to furnistmeso-indolyl- and benzofuranyl-

(9) The quantum vyield was determined in comparison with Zn(ll)

tetraphenylporphyrin (= 0.033) as the standard sample.
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