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N-(Porphyrin-2-ylmethyl)glycine was synthesized and used as precursor of azomethine ylide, which was
trapped with several dipolarophiles. The reaction of that azomethine ylide with dimethyl fumarate afforded
the expected adduct. However, with 1,4-benzo- and 1,4-naphthoquinones only dehydrogenated adducts
were isolated. Also, the reaction of that ylide withesetetrakis(pentafluorophenyl)porphyrin and
tetraazaporphine allowed access to novel porpkyehiorin and porphyrirtetraazachlorin dyads.

Introduction

In the past few years, we have shown that porphyrins can
participate in 1,3-dipolar cycloadditions in two different ways:

During the past decade, various synthetic strategies have beerhey react as dipolarophiles with azomethine ytigenerated

developed in order to make different multiporphyrin systems
where the porphyrin units are directly linked Ibyeso-meso
mesep3, andf-f positions, oligoporphyrins with fusedsystems
and arrays bearing rigid and flexible spackms.such a way, a

from N-methylglycine and formaldehyde, to give pyrrolidine-
fused chlorins3 (routel, Scheme 1f,and they can be used as
precursors of the porphyrinic azomethine yliglevhich reacts
with dipolarophiles to give-pyrrolidine-mesetetraphenylpor-

large range of multiporphyrin systems with linear, cyclic, and phyrins7 (routell , Scheme 1§.In the absence of dipolarophiles,
cross-linked geometries have been synthesized. The interest in
the synthesis of multiporphyrin materidl&imers and other (3) Recent review: Kobuke, YEur. J. Inorg. Chem200§ 12, 2333.
oligomers) arise from their potential application as models in Recent examples: (a) Hori, T.; Aratani, N.; Takagi, A.; Matsumoto, T.;
light harvesting? as molecular photonic and electronic wifes, Kawai, T.; Yoon, M.-C.; Yoon, Z. S.; Gho, S.; Kim, D.; Osuka, @hem.

M . Eur. J.2006 12, 1319. (b) Hajjaj, F.; Yoon, Z. S.; Yoon, M.-C.; Park, J.;
as catalyst8,and as photosensitizers for photodynamic therapy Satake, A.; Kim, D.; Kobuke, YJ. Am. Chem. So@006 128 4612. (c)
(PDT)$ Maes, W.; Vanderhaeghen, J.; Smeets, S.; Asokan, C. V.; Van Renterghem,
L. M.; Du Prez, F. E.; Smet, M.; Dehaen, W. Org. Chem.2006, 71,
2987.

(4) Recent example: Thamyongkit, P.; Yu, L.; Padmaja, K.; Jiao, J.;
Bocian, D. F.; Lindsey, J. Sl. Org. Chem2006 71, 1156.

(5) Recent example: Chavan, S. A.; Maes, W.; Gevers, L. E. M.; Wahlen,
J.; Vankelecom, I. F. J.; Jacobs, P. A.; Dehaen, W.; De Vos, hem.
Eur. J.2005 11, 6754-6762.

(6) Recent review: Nyman, E. S.; Hynninen, P. H. Photochem.
Photobiol., B2004 73, 1.

(7) Silva, A. M. G.; TomeA. C.; Neves, M. G. P. M. S;; Silva, A. M.

S.; Cavaleiro, J. A. SJ. Org. Chem2005 70, 2306.
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Porphyrin—Chlorin and Porphyrin-Tetraazachlorin Dyads
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porphyrinic azomethine ylidé gives 1,5-electrocyclization to
yield pyrroloporphyring.®
Along these lines, we synthesized the niwporphyrin-2-

In this report we describe, for the first time, the use of
porphyrins in 1,3-dipolar cycloaddition reactions simultaneously
as dipoles and as dipolarophiles. New porphyighlorin and

ylmethyl)glycine derivative to be used as an azomethine ylide porphyrin—tetraazachlorin dyads were obtained from those
precursor. With this compound, a range of porphyrin derivatives reactions.

of type 10 were prepared (routdl , Scheme 1). Thus, in this
report we describe the conversion gfformyl-mesetetraphe-
nylporphyrinato)nickel(ll) 4 into N-(porphyrin-2-ylmethyl)-
glycines8a,b and the corresponding methyl este (Scheme

Results and Discussion

The synthesis of theN-(porphyrin-2-ylmethyl)glycine8a

2) and their use as precursors of the porphyrinic azomethineinvolves a three-step process (Scheme 2). First, the Ni(ll)

ylides9a,bandS1(Supporting Information, Scheme S1), which
react with dipolarophiles to givg-pyrrolidinemethylmese
tetraphenylporphyrins (routdl , Scheme 1 and Scheme S1).
From those ylides, some porphytichlorin dyads and a
porphyrin—tetraazachlorin dyad were prepared. Although por-
phyrin—porphyrin dyads have been extensively investigafed,
porphyrin—chlorin dyads have received scarce attentfon.

(8) Silva, A. M. G.; TomgA. C.; Neves, M. G. P. M. S;; Silva, A. M.
S.; Cavaleiro, J. A. SJ. Org. Chem?2002 67, 726.

(9) Silva, A. M. G.; Faustino, M. A. F.; ToméA. C.; Neves, M. G. P.

M. S.; Silva, A. M. S.; Cavaleiro, J. A. SI. Chem. Soc., Perkin Trans.
2001 1, 2752.

(10) See, for instance: (a) Carofiglio, T.; Varotto, A.; Tonellato,JU.
Org. Chem2004 69, 8121. (b) Faure, S.; Stern, C.; Guilard, R.; Harvey,
P. D.Inorg. Chem2005 44, 9232. (c) Thamyongkit, P.; Yu, L.; Padmaja,
K.; Jiao, J.; Bocian, D. F.; Lindsey, J. $.0rg. Chem2006 71, 1156. (d)
Haino, T.; Fuijii, T.; Fukazawa, YJ. Org. Chem2006 71, 2572. (e) Hao,
E.; Fronczek, F. R.; Vicente, M. G. H. Org. Chem2006 71, 1233.

(11) (a) Paolesse, R.; Pandey, R. K.; Forsyth, T. P.; Jaquinod, L.;
Gerzevske, K. R.; Nurco, D. J.; Senge, M. O.; Licoccia, S.; Boschi, T.;
Smith, K. M. J. Am. Chem. Sod.996 118 3869. (b) Vicente, M. G. H.;
Jaquinod, L.; Smith, K. MChem. Commurl999 1771. (c) Faustino, M.

A. F.; Neves, M. G. P. M. S.; Cavaleiro, J. A. S.; Neumann, M.; Brauer,
H.-D.; Jori, G.Photochem. PhotobioR00Q 72, 217. (d) Arnold, D. P.;
Hartnell, R. D.Tetrahedron2001, 57, 1335. (e) Genady, A. R.; Gabel, D.
Tetrahedron Lett2003 44, 2915. (f) Li, G.; Dobhal, M. P.; Graham, A,;
Shibata, M.; Zheng, G.; Kozyrev, A.; Pandey, R.X.Org. Chem2003

68, 3762.

complex offg-formyl-mesetetraphenylporphyrind) was treated
with an excess of glycine methyl ester hydrochloride in the
presence of potassium carbonate and lanthanum(lll) triflate. The
subsequent reduction of imidd with sodium borohydride gave
pure methyl glycinatel2 in 66% yield (two steps), after
chromatographic purification. The alkaline hydrolysis of com-
pound12 gave the Ni(ll) complex oN-(porphyrin-2-ylmethyl)-
glycine 8ain 98% vyield. Demetalation dda with 10% H,SO,

in dichloromethane afforded derivatig® in quantitative yield.

The reactivity of azomethine ylid@ain 1,3-dipolar cycload-
ditions with several dipolarophiles, namely, dimethyl fumarate,
1,4-naphthoquinone, 1,4-benzoquinomesetetrakis(pentafluo-
rophenyl)porphyrinl7, and tetraazaporphin&9, was then
studied (Schemes 3 and 5). Typically, the cycloaddition reactions
were performed by refluxing a toluene solution of porphyrin
8a, paraformaldehyde (excess), and the desired dipolarophile
(excess) for 1 h. Because of the low solubility of tetraazapor-
phine in toluene, the reaction with this dipolarophile was carried
out in 1,2-dichlorobenzene, at 12C.

In the reaction with dimethyl fumarate, the expected adduct
13was isolated in 74% yield. With 1,4-benzoquinone, the adduct
14 was not isolated; theH NMR and mass spectra of the
reaction product showed that it was a mixture of di- and
tetradehydrogenated derivatives of addidt Because during

J. Org. ChemVol. 71, No. 22, 2006 8353
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the purification step the didehydrogenated derivative was
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FIGURE 1. Electronic absorption spectra of compourids2 18a
and 20, at equimolar concentrations (BVl) in dichloromethane.

bigger excess of porphyrih7 (3 equiv) and a longer reaction
period (3 h) (Scheme 5). Under these conditions, dy@alwas
obtained in 42% yield. Demetallation of dyd8aafforded18b

in quantitative yield. Dyad 8bwas also obtained in 35% yield
from the reaction oN-(porphyrin-2-ylmethyl)glycine8b with
paraformaldehyde and porphydii. These results contrast with
those obtained when we tried to synthesize porphyeimorin
dyads from the 1,3-dipolar cycloaddition reaction of yl&eith
mesetetraarylporphyrins; in those cases only pyrroloporphyrin
6 was obtained (Scheme 1).

The reactivity of tetraazaporphid® was found to be similar
to that of porphyrinl7. In fact, the reaction of ylid®awith 19
(3 equiv), in 1,2-diclorobenzene at 12TC, afforded the
porphyrin—tetraazachlorin dya@0 in 30% vyield (Scheme 5).

Methyl glycinate 12 was also used as precursor of an
azomethine ylide that was trapped with dimethyl fumarate and
mesotetrakis(pentafluorophenyl)porphyritiz. In these cases,
methyl pyrrolidine-2-carboxylate derivatives were obtained (see
Scheme S1 in Supporting Information).

Note that in all of these cycloaddition reactions the formation
of minor products resulting from the degradation of the glycine
derivative8a, namelys-formylporphyrin4, is observed. This
thermal degradation was confirmed by refluxing a toluene
solution of porphyrin8a.

Structural Characterization of the New Compounds.All

converting to the tetradehydrogenated one, we decided to treaynthesized compounds were characterized by nuclear magnetic

the reaction mixture with DDQ. In that way, compoublwas
obtained in 44% yield. When the reaction was performed with
an excess 08a, compoundl5.1was also isolated, indicating
that a second azomethine yli@areacted withl5 (Scheme 4).
The attempted oxidation 0f5.1 to 15.2 was unsuccessful:
treatment of15.1 with an excess of 1,4-benzoquinone (in
refluxing toluene) gave the starting material; treatmertmf.L
with a stronger oxidant (DDQ at room temperature) afforded
only decomposition products.

From the reaction oBa with paraformaldehyde and 1,4-
naphthoquinone, two products were isolated: compaléd
(56% yield, highemR; on silica gel) and compount6.2 (small
amount, smalleRs on silica gel). These compounds resulted
from di- and tetradehydrogenation of the initial adduct. Com-
pound 16.1 was found to be quite unstable, and it slowly
converts intdl6.2during the chromatographic process or when
it is left in solution.

Due to the low dipolarophile character ofiesetetrakis-
(pentafluorophenyl)porphyrih,its reaction with azomethine
ylide 9a to form the porphyria-chlorin dyad18a required a

8354 J. Org. Chem.Vol. 71, No. 22, 2006

resonance, UVvis spectroscopy, and mass spectrometry or
elemental analyses (see Supporting Information).

Figure 1 shows the electronic absorption spectra of com-
pounds16.2 18a and 20, measured in dichloromethane, at
equimolar concentrations. The spectrum of compod&d?
shows a typical metalated porphyrin profile (Soret band at 419
nm and a broad Q-band at 532 nm). The spectrum of porphyrin
chlorin dyad18a exhibits a characteristic chlorin band at 653
nm, whereas the spectrum of porphyrietraazachlorin dyad
20 shows a strong band at 673 nm and two small bands at 616
and 641 nm, typical of tetraazachlorin derivatives. It is interest-
ing to note the lower intensity of the Soret band of the
porphyrin—tetraazachlorin dyad when compared with that of
the porphyrin-chlorin dyad. This is due to the fact that the
tetraazachlorin macrocycle has no relevant absorption in this
region (tetraazachlorins show a Soret band typically at-320
345 nm)!2

(12) Makarova, E. A.; Korolyova, G. V.; Tok, O. L.; Lukyanets, E. A.
J. Porphyrins Phthalocyaninez00Q 4, 525.



Porphyrin—Chlorin and Porphyrin-Tetraazachlorin Dyads
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The NMR spectra were crucial for the structural elucidation
of the synthesized compounds. In fact, the structure of com-
pound 13 was confirmed by the presence in itsl NMR
spectrum of a singlet at 3.63 ppm (corresponding to the two
methoxy groups), two multiplets at 2.62.72 and 3.323.39
ppm (corresponding to the six pyrrolidine protons), and an AB
system at 3.48 and 3.73 ppd € 14.9 Hz) corresponding to
the H-1 protons.

TheH, 13C, and 2D NMR spectra df5 are consistent with
a tetradehydrogenated derivative. Indeedth&lMR spectrum
shows, in addition to the porphyrin protons, three singlets at
5.27, 6.60, and 6.86 ppm corresponding to'HH-4",5", and
H-2"",7", respectively. Thé3C NMR spectrum shows only one
signal corresponding to a%parbon (signal at 49.6 ppm due to
C-1'). The signals due to the carbons of the dioxoisoindole group
appear in the aromatic region: at 120.9 ppm due to 'C&24;
at 124.3 ppm due to C*Z7"; at 139.7 ppm due to C"45";

16.1 (56%)

SCHEME 5

42%
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18a, M = Ni
18b, M = 2H

) HyS04/CH,Cly

CeFs CeFs

CeFs CeFs

17

30%

11"

and at 182.0 ppm due to C-&". The unequivocal assignments
were established by HMBC and HSQC.

J. Org. ChemVol. 71, No. 22, 2006 8355



JOC Article Silva et al.

TABLE 1. 'H NMR Spectral Data for Aliphatic Protons of Dyads described. Ylide9a was trapped in 1,3-dipolar cycloaddition
18a and 20 reactions with dimethyl fumarate, 1,4-benzoquinone, 1,4-
18a 20 naphthoquinone, porphyrih7, and tetraazaporphink9. Each
H-24' 121’ 5.10-5.12 (m) 5.07 (d) 6.5 Hz) reaction afforded the expected adducts; in the case of quinones,
H-2",13" 2.40-2.44 (m) 2.96-3.00 (m, His) the dehydrogenated derivatives were obtained instead. $hide
2.94-2.98 (m) 3.75 (d,J 10.0 Hz, Hrang) was trapped only with porphyrinl7; the expected dyad
H-1 3.45(s) 3.62(s)

porphyrin—chlorin was obtained. Bisaddition of ylidato 1,4-
benzoquinone was accomplished when an excess of the ylide
precursor was used.

The synthetic route now presented (route Ill, Scheme 1) is
more versatile than the previously reported one (route I, Scheme

the aromatic region, in addition to the signals corresponding to 1)° because less reactive dipolarophiles can also be used. This
the porphyrin protons, it reveals a singlet at 7.03 ppm due to new rou_te allows the sqnultaneo_us use of p(_)rphyrln derlvat_l\_/es
the H-2',9", a multiplet at 8.16-8.22 ppm due to H*47", and as 1,_3-d|poles and as dipolarophiles in 1,3-dipolar cycloaddition
a multiplet at 7.55-7.75 ppm due to H'56" (overlapped with reactions.

the Hyho-Ph protons).

The NMR spectra of dyads8aand20 show a pattern much Acknowledgment. The authors thank the University of
more complex than the previous ones, in particular in the Aveiro, Funda&o para a Ciacia e a Tecnologia and FEDER
aromatic region, due to the overlap of the proton resonances offor funding the Organic Chemistry Research Unit. A.M.G.S.
both macrocycles. From the analysis of Table 1, it is interesting and P.S.S.L. also thank FCT for the grants SFRH/BPD/8374/
to note that there are differences in the chemical shift and 2002 and SFRH/BD/3031/2000, respectively.
multiplicity of some signals. The inner NH protons are more

NH ~1.82(s) —0.81 (s)

The 'H NMR spectrum of compound6.2 shows, in the
aliphatic region, only one singlet at 5.33 ppm, due to'HH1

deprotected in porphyrintetraazaporphine dya#0 than in Supporting Information Available: Complete experimental

porphyrin—chlorin dyad18a as expected from the literature section, including the synthesis gf(porphyrin-2-ylmethyl)glycine,

datal3 and spectral data for selected compounds. This material is available
free of charge via the Internet at http://pubs.acs.org.

Conclusions JO0611770

The synthesis ofN-(porphyrin-2-yl-methyl)glycines8a,b,
precursors of the porphyrinic azomethine ylidés,b, is (13) Stuzhin, P. AChem. Heterocycl. Compd997, 33, 1185.
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