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Ar= 3,5-di-+butylphenyl (n=10,8,6.4,3,2 1)

Meso—-meso linked strapped diporphyrins S, (n = 10, 8, 6, 4, 3, 2, and 1) were synthesized by intramolecular Ag(l)-promoted coupling of
dioxymethylene-bridged diporphyrins B,. With decrease of strap length, the absorption and fluorescence spectra and the one-electron oxidation
potentials of S, changed in a systematic manner, suggesting a progressive increase in electronic communication of two porphyrins.

Diporphyrins covalently bridged with a variety of linkers orientation of the two porphyrins in the meso—meso linked
have been extensively studied for the investigation of diporphyrin array can be changed in a systematic manner, it
intramolecular electron transfer and energy transfire will constitute a nice set of models for a study of the effect
duplication of the charge separation function of photosyn- of dihedral angle on the electronic coupling. The magnitude
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Scheme 1

(1) X(CHy),X, KoCO;q = (CHy)s
acetone O AQPFG
(2) Zn(OAC), CHCI3

Ar= 3,5-di-tbutylphenyl (n=10, 8,6, 4,3,2,1)

and electron-transfer reactions. In this paper, we report theS;oin 68% yields along with the recovery &, (17%) and

synthesis of a series of strapped meso—meso linked dipor-higher oligomers (ca. 10%) after preparative GPC and silica

phyrins with straps of various length. gel column chromatography. In an analogous manner, the
Initially, bridged diporphyrind,, were prepared as shown reactions oBg, Bs, andB, affordedSg, S5, andS, constantly

in Scheme 1. Decamethylene-1,10-dioxy-bridged diporphyrin in 60—65% yields. However, the yields @&—S; were

Bip was obtained by Williamson reaction of hydroxy- moderate regardless of these dilute conditions (Table 2).

phenylporphyrinl with 1,10-dibromodecane ¢CO;, ace-

tone) followed by zinc insertion in 86% vyield. Similar

reactions ofl with longer dihaloalkanes (i 10—4) gave

their bridged dimer8g—B, in good yields (82-92%), while

Table 2. Isolated Yields of $from B,

the reactions with shorter dihaloalkanes= 3, 2, and 1) substrate concentrated (mM) product yield, %
gave bridged dimerB3;—B; in poor yields. Elimination side Bio 0.09 S1o 68
products were formed in the reactionsBfandB,, and the Bs 0.14 Se 65
reaction ofB; was quite slow in acetone. Solubilities Bf Bs 0.14 Se 60
become poorer with the decrease of strap length, which Bs 0.10 Sa 63
caused another difficulty in the preparation of shorter-strap B3 0.10 Ss 38
bridged diporphyrindB;—B;. In the meanwhile, however, gj g'gi :i gg

we found that use of more dipolar DMF as the solvent led
to improved vyields oB3;—B; (Table 1).

_ These strapped diporphyrins were characterizetH by

) NMR, FAB mass, steady-state absorption and fluorescence
Table 1. Isolated Yields ofB, from 1 spectra, and differential pulse voltammetry. Under the

product X(CH2)nX solvent yield, % standard conditions, most of the strapped diporphyrins were
B1o Br(CH,)10Br acetone 86 stable excep®; whose absorption spectrum changed slowly,
Bg 1(CH2)sl acetone 82 implying its unstable property. Therefore, all the character-
Bs 1(CH2)el acetone 83 izations ofS; were carried out with the fresh sample.
2‘3‘ ﬁgﬁgj“m Zgg:g:g 25 MM2 calculations suggested a decrease in the dihedral
B, Br(CHa)sBr acetone 61 angle with shortening of the strap as expected. In addition,
B2 1(CH2)2l acetone
B> Br(CH_).Br acetone 13
B Br(CHy).Br DMF 40
B1 BrCH,Br acetone 12
B: BrCH,Br DMF 84

With a set ofB, (n =10, 8, 6, 4, 3, 2, and 1) in hands, we
examined their Ag(l)-promoted mesmeso coupling reac-
tion. Intermolecular Ag(l)-promoted mesoeso coupling
reaction was effective for Zn(ll) 5,15-diarylporphyrins at ca.
2 x 107% M but the isolated yields of mesaneso coupled
diporphyrins were normally in a range of 280% mostly
because of formation of meswoneso coupled higher
oligomers32 Such oligomerization was easily enhanced upon
addition of a small amount df,N-dimethylacetoamide and
by heating® Since the intramolecular coupling reaction of Figure 1. Minimized structure o8,. Protons andert-butyl groups
Bn must be preferable in dilute conditions, the reaction of gre omitted for clarity.

B1o was attempted at & 1075 M, which led to isolation of
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such calculations also suggested the gradual distortion of thj| | | N NG

porphyrin rings for diporphyrins with short straps. The MM2-
minimized structure of5; is shown in Figure 1, in which s s
the designations of the peripheral protons are indicated. ! T
The'H NMR spectrum of (Figure 2) shows signals due $10
to a meso-H (M) and four kinds of beta-H (K H3, H.® and
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Figure 3. UV—vis absorption spectra &, in CH,Cl,.

Ar= 3,5-di--butylphenyl

increasing intensity at 397 nm & and 395 nm inS,, the
unperturbed Soret band around 413 nm was gradually red-
shifted from 419 nm ir§;p andS, to 424 nm both irs, and

S, and the low energy Soret bands were increasingly red-
HY). The outer beta-Hs (Hand H) appeared at almost the shifted and intensified, giving rise to 469 nm$ and 478

same positions as those of a monomer, but the inner beta-_ . .
Hs showed high field shift owing to a ring current effect of nm in S, andS,. The broad and nearly single band shape of

the adjacent porphyrin. THd NMR spectra of the strapped the Q-band 0P, Sio, S, andS; displayed a systematic change

diporphyrins commenly showed signals due to a meso-}l (H to distinct two-band-shaped Q-bands with the gradual red-
and eight kinds of beta-H @4H°). The outer beta-Hs ( shift of the low-energy Q-bands. Although we do not have

HS) and meso-H (i) were less affected by the change of guantitative explanation of these spectral changes that are
the chain length. On the other hand, the inner beta-Hs showe ut§ide of t'he present work, these_changes s'tror?gly indicate
contrasting shifts. With shortening’ of strap, beta-Hs of the he increasingly enhanced electronic communication between

strap s_ide .(ﬂ and H) are shifte_d to high fie_ld and those of thiizﬁ:g};lﬂi\./vs the fluorescence spectra of selegtduat
opposite side (Fland H) are shifted to low field. Therefore, e .

: showed a steady red-shift with a loss of shoulders with the
these facts suggest the decrease of dihedral angle between
two porphyrins and tilting of the porphyrin axis perpendicular _
to the mese-meso bond toward the strap side with shortening
of strap as shown in Figure 1. The fact that the meso-H and
the outer beta-H appeared at the similar chemical shifts for
all S, indicates that porphyrin ring current is not seriously
affected and the distortion of porphyrin ring seems relatively
small even inS; with the shortest strap.

The absorption spectra of the strapped diporphyrins are
shown in Figure 3. As reported previouslyonstrapped
meso—meso coupled diporphyrthexhibited a split Soret
band at 415 and 447 nm and weakly perturbed Q-band at
553 nm, which have been interpreted in terms of exciton
coupling of the two transition dipole moments along the
meso—meso bond axis. Averaged perpendicular conforma-
tion of 2 has been inferred from a systematic analysis of the
absorption spectra of a series of meseeso coupled
porphyrin array$®’ The absorption spectra &, Ss, and Figure 4. Fluorescence spectra & in CH,Cl,.
Ss were close to that o2. Therefore, we may consider that
relatively long straps have no significant influence on the
dihedral angle between monomers. The absorption spectradecrease of the strap length, roughly reflecting the red-shift
changes at the Soret-band region with a change in the strafPf the respective absorption Q-bands. These changes also
length were more prominent f&,, S;, S, and$S;, in that imply enhanced communication between the two porphyrin

the shoulder at the high energy side of the Soret band gainedings.
One-electron oxidation potentials d@, and S, were

(8) Yoshida, N.; Aratani, N.; Osuka, AChem. Commur2000, 197. measured by the differential pulse voltammetry method in

Figure 2.
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I potenials ofS, wih a short strapr( = 3-1) were lower

Table 3. First Oxidation Potential (vs Ferrocene/Ferrocenium) than those ofBy, thereby giving rise to further coupling
of B, andS.@ reaction ofS,. Such a tendency seems to be strongesEfor

that can be oxidized by as much as ca. 0.1 V easierBian

Eox (V) Eoxt (V) Actually, the GPC analysis revealed that the reaction mixture
S10 (94°) 0.33 Bio 0.28 of B, contained large amounts of higher oligomeric products.
Ss (90°) 0.32 Bs 0.27 In summary, a series of the mesmeso linked strapped
26 (32:) ggé 26 g'gg diporphyrinsS, with various strap lengths were effectively
s: 5530; 0.28 B;‘ 0.29 synthesized by the intramolecular Ag(l)-promoted coupling
S, (42°) 0.27 B, 0.29 of the bridged diporphyrinB,. The low yield ofS; is most
S, (36°) 0.22 B, 0.33 probably ascribed to further oligomerization of formed

strapped diporphyrins due to lower one-electron oxidation
potentials. With the decrease of the strap length, the
electronic communications between the two porphyrins are
enhanced as revealed by the absorption and fluorescence
spectra and the one-electron oxidation potentials. Uses of
these mesemeso coupled strapped diporphyrins for studies
on energy transfer and electron transfer as well as magnetic
interactions are now actively in progress in our laboratory.

aCalculated dihedral angles & are given in parentheses.

DMF (Table 3). One-electron oxidation potentials of most
of B, were slightly lower than that d except for the case

of B;. It may be plausible that a diporphyrin having a flexible
chain can form a stacked dimer upon one-electron oxidation,
which may lead to lower oxidation potentials as were
observed. Such a conformational freedom may not be Acknowledgment. This work was supported by Grant-
allowed inB;. On the other hand, the one-electron oxidation in-Aid for Scientific Research (N0.11223205 and No.
potentials ofS, became increasingly lower with the decrease 12440196) from the Ministry of Education, Science, Sports
in the strap length. These results seem to be in accord withand Culture of Japan and by CREST (Core Research for
enhanced electronic communication in strapped diporphyrins Evolutional Science and Technology) of Japan Science and
with small dihedral angles, which was estimated by MM2 Technology Corporation (JST). N.Y. is grateful for a JSPS
calculation (Table 3). In addition, the results in Table 3 may Research Fellowship for Young Scientists.

have some important relevance to the reaction yieldS,of
from By. The relatively good yields d§, with a longer strap
can be explained in terms of easy oxidationBpfand the
slightly harder oxidation o§, that can lead to accumulation
of the S, product. On the contrary, the one-electron oxidation OL006216N
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