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Synthesis of stereospecifically face-protected chlorophyll derivatives
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Abstract—A pair of zinc chlorins having a bridged moiety between the 3 and 13%-positions on the front or back side of its n-face
were synthesized, and their asymmetric coordination ability towards pyridine was determined in benzene.

© 2005 Elsevier Ltd. All rights reserved.

Chlorophylls (Chls) are known to play important roles
as main pigment molecules in the initial stage of photo-
synthesis.! In the crystal structures of pigment-protein
complexes reported so far,? Chls are found to be fixed
in proper locations by the fifth coordination of a protein
residue (or others including water) to their central mag-
nesium.? To investigate the coordination chemistry of
Chls, we have recently developed zinc chlorins having
a bridged moiety between 3- (or 8-) and 17-positions,
which would restrict axial ligation to one side of the
two macrocycle n-faces.* Since the linkage of the syn-
thetic compounds was situated only above its front
side,” an alternative route has been required to synthe-
size any strapped structure covering the back n-face.
Here we report the synthesis of a pair of zinc chlorins
having a bridge between the 3- and 13*-positions on
the front or back-face of chlorin macrocycle.

Two kinds of strapped zinc chlorins Zn-1/2 and their
acyclic reference compounds Zn-3/4 were synthesized
as shown in Scheme 1. Chlorin 5 possessing the
3-hydroxymethyl group was used as a starting material,®
which was prepared by modifying a Chl-a/a’ mixture
extracted and derived from the cyanobacterium, Spirulina
geitleri. Esterification of the 3!-hydroxy group with
5-hexenoic acid using EDC-HCl and DMAP,” and the
following transesterification of the 13%-methoxycarbonyl
group with 8-nonen-1-ol by CMPI and DMAP in reflux-
ing toluene®® gave 6 having two vinyl groups at the
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terminals of the 3- and 13%-substituents in 73% yield.
To form a strapped bridge, ring-closing metathesis of
6 was performed using Cl,(PCy),Ru=CHPh as a cata-
lyst!'® to give 7 in 77% yield.!! Because the intramolecu-
lar cyclization formed an alkene linkage as its cis/trans
mixture, the bridge of chlorin 7 was hydrogenated in
the presence of PtO, to transform a dodecamethylene
unit for simplicity. During these synthetic procedures,
the ratio of 13%S- (a') and R-epimers (a) was retained
constant at ca. 1:6. The free-base mixture 13S-1 and
132R-2 was separated by reversed-phase HPLC,'? and
zinc was inserted!® to give desired Zn-1/2.'* On the
other hand, esterification of the 3'-hydroxy group of 5
with acetic acid gave a mixture of 3 and 4, which was
zinc-metallated and separated by HPLC to give refer-
ence compounds Zn-3/4.

Figure la shows the absorption spectra of Zn-1 and
Zn-2 in THF. The Q, peak maximum (651.4 nm) of
Zn-1 (solid line) is slightly red-shifted compared to that
(650.8 nm) of Zn-2 (dotted line) by 0.6 nm (14 cm™").
A similar difference between each diastereomer was also
observed for free-base chlorins 1 and 2. Because the
small differences were almost the same as those in their
reference compounds (Zn-)3/4, the bridging dodeca-
methylene unit of (Zn-)1/2 caused a little strain on the
chlorin macrocycle. The characteristics of the observed
CD spectra of Zn-1/2 in Figure 1b were quite similar
to those of Zn-3/4 or naturally occurring Chl-a’/a (see
SI), indicating that the strapped compounds Zn-1/2 still
retain the structural and spectral characteristics of Chl-
a'la, and the bridging moiety is expected to just cover a
n-face for single axial ligation. Their molecular model-
ling study by PM3/MM+ calculation!> also supported
the proposed structures of (Zn-)1/2 in which the
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Scheme 1. Reagents and conditions: (a) (i) 5-hexenoic acid, EDC-HCl, DMAP, CH,Cl,, 77%, (ii) 8-nonen-1-ol, CMPI, DMAP, toluene, reflux, 96%,

(b) Cly(PCy),Ru=CHPh, CH,Cl,, 77%, (c) PtO,2H,0, H,, acetone, (d) HPLC separation, () Zn(OAc),2H,0, CH,Cl,-MeOH, (f) CH;COOH,
EDC-HCI, DMAP, CH,Cl,, 67%.

protons up to —2 ppm (see SI),'* the bridge is consid-
ered to be located in a shielding region of a chlorin r-
ring and thus would prevent coordination of an axial
ligand from the protected face.

The 1:1 binding constants (K) of Zn-1 and Zn-2 with
pyridine in benzene were determined by UV-vis titration
method to be 2.5 and 2.6 x 10* M, respectively (see
SI).!¢ The closely similar K-values indicate little differ-
ence in asymmetric single and axial coordination of
pyridine to Zn-1 (from the back side) and Zn-2 (from
the front side). In acyclic compounds Zn-3/4, epimeriza-
tion at the 13°-position occurred under the same basic
titration conditions.””!” This result shows that the
dodecamethylene bridge fixed the stereochemistry at
the 13%-position and disturbed the epimerization.
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In summary, we explored a synthetic route of face-pro-
tected chlorophyll derivatives that can control the direc-
tion of the fifth axial ligand. Little difference was
observed in the formation of 1:1 complexes of Zn-1/2
with pyridine from the back/front side. Synthesis of a
series of strapped compounds and further investigation
of face-selective coordination are in progress.
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Figure 1. (a) Electronic absorption and (b) CD spectra of Zn-1 (solid
line) and Zn-2 (dotted line) in THF.

Acknowledgements
front/back m-face was selectively protected by the dode-

camethylene linkage and its movement between the
front and back sides did not occur due to the steric
restriction. Because the '"H NMR spectra of (Zn-)1/2
showed upfield-shifted signals of the linked methylene

We thank Dr. M. Kunieda of Ritsumeikan University
for his helpful discussion. This work was partially sup-
ported by Grants-in-Aid for Scientific Research (No.
17029065) on Priority Areas (417) from the Ministry



S. Sasaki et al. | Tetrahedron Letters 46 (2005) 7687-7689

of Education, Culture, Sports, Science and Technology
(MEXT) of the Japanese Government and for Scientific
Research (B) (No. 15350107) from the Japan Society for
the Promotion of Science (JSPS), and by ‘Academic
Frontier’ Project for Private Universities: matching fund
subsidy from MEXT, 2004-2008.

Supplementary data

Supplementary data associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.
2005.09.034. Supplementary data available via Science-
Direct: http://www.sciencedirect.com.

10.

11.

12.

References and notes

. Scheer, H. In Light-Harvesting Antennas in Photosynthesis;

Green, B. R., Parson, W. W., Eds.; Kluwer Academic
Publishers: Dordrecht, 2003; pp 29-81.

. (a) Hofmann, E.; Wrench, P. M.; Sharples, F. P.; Hiller,

R. G.; Welte, W.; Diederiches, K. Science 1996, 272, 1788;
(b) Jordan, P.; Fromme, P.; Witt, H. T.; Klukas, O.;
Saenger, W.; KrauB, N. Nature 2001, 414, 909; (c)
Ferreira, K. N.; Iverson, T. M.; Maghlaoui, K.; Barber,
J.; Iwata, S. Science 2004, 303, 1831; (d) Liu, Z.; Yan, H.;
Wang, K.; Kuang, T.; Zhang, J.; Gui, L.; An, X.; Chang,
W. Nature 2004, 428, 287.

. (a) Oba, T.; Tamiaki, H. Photosynth. Res. 2002, 74, 1; (b)

Balaban, T. S.; Fromme, P.; Holzwarth, A. R.; Krauss,
N.; Prokhorenko, V. 1. Biochim. Biophys. Acta 2002, 1556,
197; (c) Oba, T.; Tamiaki, H. Bioorg. Med. Chem. 2005,
13, 5733.

. Sasaki, S.; Mizoguchi, T.; Tamiaki, H. Tetrahedron 2005,

61, 8041.

. In this work the front and back faces are defined as the

same and opposite directions of the 17-propionate,
respectively.

. Oba, T.; Tamiaki, H. Photosynth. Res. 1999, 61, 23.
. Miyatake, T.; Tamiaki, H.; Holzwarth, A. R.; Schaffner,

K. Photochem. Photobiol. 1999, 69, 448.

. (a) Shinoda, S.; Tsukube, H.; Nishimura, Y.; Yamazaki,

I.; Osuka, A. Tetrahedron 1997, 53, 13657; (b) Kosaka, N.;
Tamiaki, H. Eur. J. Org. Chem. 2004, 2325.

. Furukawa, H.; Oba, T.; Tamiaki, H.; Watanabe, T. Bull.

Chem. Soc. Jpn. 2000, 73, 1341.

(a) Grubbs, R. H.; Miller, S. J.; Fu, G. C. Acc. Chem. Res.
1995, 28, 446; (b) Liu, X.; Sternberg, E.; Dolphin, D.
Chem. Commun. 2004, 852.

Ten mole percent of the commercially available Grubbs’
catalyst was added to a 2 mM solution of 6 in CH,Cl,, and
the mixture was stirred for 4 h at room temperature.
Retention times of HPLC were 21 (minor) and 23.5 min
(Cosmosil ODS: 5C18-ARII 10 mm ¢ x 250 mm, MeOH,

13.

14.

15.

16.

17.

7689

2 ml min~"). The minor component showed NOE between
13%-H and 17-H protons in the NMR spectrum, which was
assigned to be 1 (13°R form). The NMR spectrum of the
major component, in contrast, showed NOE between 13%-
H and 17-CH; protons, and thus was assigned to be 2
(13%S form), see SI.

(a) Tamiaki, H.; Yagai, S.; Miyatake, T. Bioorg. Med.
Chem. 1998, 6, 2171; (b) Tamiaki, H.; Amakawa, M.;
Shimono, Y.; Tanikaga, R.; Holzwarth, A. R.; Schaffner,
K. Photochem. Photobiol. 1996, 63, 92.

Spectral data. Zn-1: vis (benzene) Ayax 654 (&, 73,000), 606
(10,200), 553 (5700), 512 (5300), 425nm (85,000); 'H
NMR (600 MHz, CDCl3) 6 =9.61, 9.46, 8.47 (each 1H, s,
5-, 10-, 20-H), 6.45, 6.25 (each 1H, d, J =12 Hz, 3-CH,),
6.04 (1H, s, 13°-H), 4.45 (1H, q, J =7 Hz, 18-H), 4.24
(1H, m, 17-H), 3.77 (2H, q, J = 8 Hz, 8-CH,), 3.67, 3.58,
3.39, 3.30 (s, each 3H, 2-, 7-, 12-CH3, 17>-COOCH};), 1.71
(3H, t, J = 8 Hz, 8'-CH,), 1.63 (3H, d, J = 8 Hz, 18-CHj,),
4.12,3.93,2.59,2.48,2.32,2.29,2.26, 2.26, 2.06, 2.01, 0.83,
0.81, 0.30, 0.22, 0.10, 0.10, 0.08, —0.07, —0.30, —0.51,
—0.88, —0.94, —1.22, —1.22, —1.46, —1.55, —1.72, —2.03
(each 1H, m, 17-CH,CH,, (CH,);»); '*C NMR (150 MHz,
CDCl;3) 6 =1904, 173.7, 173.2, 170.1, 169.2, 162.3, 157.1,
153.9, 151.5, 147.5, 147.4, 145.6, 144.4, 138.6, 136.5, 135.6,
134.0, 131.0, 107.2, 105.9, 100.1, 93.4, 66.7, 66.4, 56.9,
51.6, 50.7, 49.5, 34.6, 31.1, 30.3, 29.7, 28.9, 28.25, 28.17,
28.0, 27.75, 27.65, 27.1, 26.0, 22.8, 19.4, 17.5, 14.1, 12.8,
11.4, 10.9; MS (FAB) m/z 852 (M"). Zn-2: vis (benzene)
Jmax 653 (&, 70,500), 605 (9300), 560 (4400), 515 (3800),
425 nm (83,000); 'H NMR (600 MHz, CDCls) 6 =9.61,
9.44, 8.46 (each 1H, s, 5-, 10-, 20-H), 6.45, 6.23 (each 1H,
d, J=12 Hz, 3-CH,), 5.97 (1H, s, 13%-H), 4.42 (1H, dq,
J=2, THz, 18-H), 4.26 (1H, m, 17-H), 3.77 (2H, q,
J =8 Hz, 8-CH,), 3.64, 3.39, 3.30, 3.28 (each 3H, s, 2-, 7-,
12-CH3, 17°-COOCHS,), 1.78 (3H, d, J =7 Hz, 18-CH,),
1.72 (3H, t, J = 8 Hz, 8'-CH3), 4.24, 3.84, 2.53, 2.49, 2.45,
2.45,2.29,2.16, 1.60, 1.46, 1.38, 1.30, 1.11, 1.11, 1.08, 0.88,
0.88, 0.83, —0.32, —0.44, —1.05, —1.13, —1.20, —1.20,
—1.40, —1.47, —1.57, —1.87 (each 1H, m, 17-CH,CH,,
(CH,)1»); *C NMR (150 MHz, CDCl3) 6 = 190.8, 173.7,
173.6, 168.9, 168.8, 161.5, 156.4, 153.7, 151.6, 147.6, 147.3,
145.6, 144.3, 138.9, 136.2, 1352, 134.0, 130.8, 107.0,
105.1, 99.7, 92.7, 65.5, 65.3, 56.7, 51.6, 49.5, 48.6, 34.7,
30.7, 29.7, 29.5, 28.4, 28.0, 27.8, 27.6, 27.5, 27.2, 25.6,
25.4,23.4,19.5,17.5,14.1,12.6, 11.4, 10.9; MS (FAB) m/z
852 (M™).

(a) Kureishi, Y.; Tamiaki, H. J. Porphyrins Phthalocya-
nines 1998, 2, 159; (b) Tamiaki, H.; Kubo, M.; Oba, T.
Tetrahedron 2000, 56, 6245; (c) Yagai, S.; Miyatake, T.;
Shimono, Y.; Tamiaki, H. Photochem. Photobiol. 2001, 73,
153.

Hirose, K. J. Incl. Phenom. Macrocycl. Chem. 2001, 39,
193.

Watanabe, T.; Mazaki, H.; Nakazato, M. Biochim.
Biophys. Acta 1987, 892, 197.


http://dx.doi.org/10.1016/j.tetlet.2005.09.034
http://dx.doi.org/10.1016/j.tetlet.2005.09.034
http://www.sciencedirect.com

	Synthesis of stereospecifically face-protected chlorophyll derivatives
	Acknowledgements
	Supplementary data
	References and notes


