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Abstract: meso-Tetraarylporphyrins having two kinds of ortho-substituted meso-aryl groups alternately
at 5-, 10-, 15-, and 20-positions have been prepared by way of the modified MacDonald [2+2]-type
condensation of a,c'-free aryldipyrrylmethanes with aryl aldehydes. 5,15-Di(2-acetylaminophenyl)-10,20-
di- 1-(2-methoxynaphthyl)porphyrin was prepared by way of two different combinations of aryldipyrryl-
methanes and aryl aldehydes. The five atropisomers (aa’ff’, ao’Ba’, af’af’, ac’ap’, oo’ ac’)
expected for these porphyring were separated and characterized on the basis of the 1H NMR spectra and

celed LLL SR STPAIALO QL0 LRAlaLRiiIse O 0 DaSIS O Wi T GNAAR SPEdiTa and

thermal isomerization behavior. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

1
groups have frequently been used for this purpose in meso—tetraarylporphynns and 5,15-diarylporphyrins. 12,2
Since the latter has two atropisomers and the former has four atropisomers, a variety of structurally different
porphyrins are available. While the four meso-aryl groups in these porphyrins are identical, porphyrins with
mixed meso-aryl groups are of interest from the viewpoint of the molecular recognition, especially if the meso-
aryl groups with different ortho-substituents are used. meso-Tetraarylporphyrins with two different aryl groups
attached alternately at the 5-, 10-, 15-, and 20-positions have originally been prepared through the statistical
pyrrole condensation with two different aryl aldehydes followed by the chromatographic separation of the
resulting six component mixture.3 The sequential condensation of pyrroles with the first aldehyde and then the
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methodoiogy has very recently been appiied to meso-tetraaryiporphyrins, whiie some Ca-symmetric porphyrins
have also been synthesized by modified MacDonald [2+2] condensations.3
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If two ortho-substituted aryl aldehydes (for example, o-nitrobenzaldehyde and 2-methoxy-1-naphthalde-
herdal nan 2raa-d o . al e ol
hyde) are used in this sequential condensation procedure, five atropisomers (aa’fp’, aa’pa’, ap’ap’, ac’ap’,

aa’aa’)® arising from the restriction of rotation of the meso-aryl groups should occur for the resulting 5,15-di(2-
nitrophenyl)-10,20-di- 1-(2-methoxynaphthyl)porphyrin.  Although the atropisomerism in meso-tetraaryl-
porphyrins has been well known,” there has been no reports on the atropisomerism of meso-tetraarylporphyrins
with mixed meso-aryl groups. The C; symmetric atropisomer (aa’pp’) is of special interest because two sides of
the porphyrin plane have opposite chirality and thus diastereomeric interaction is expected toward optically active
substrates depending on which side of the porphyrin plane interacts with the substrates. This molecular

recognition is relevant to the desien of new hiomimetic catalvsts 1f
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We have shown in the preliminary communication® that o,o'-free aryldipyrrylmethanes are better
condensed with aryl aldehydes under the modified Adler-Longo conditions? rather than the Lindsey conditions 10
and that the resulting porphyrin is a mixture of the expected five atropisomers. In this paper is described the

details of synthesis, characterization, and isomerization behavior of the mixed meso-tetraarylporphyrins.
RESULTS AND DISCUSSION

Multi-step synthesis:

meso-Tetraarylporphyrins with mixed meso-aryl groups can be prepared by the condensation of one aryl
' . .
aldehyde and an o,a'-free aryldipyrrylmethane which may be synthesized by the condensation of pyrrole with
~tha ]l aldabherds Tha P aornnn Aionrreeeane ntb i e e e A e o vz da alaate L1 a4 R
anotner aryl aigenyde. 1he a,a’-iree dipyirylmethanes are more reaciive towards elecirophilic reage han their

parent pyrroles because of the electron-donating effect of the central methine or methylene carbon. Therefore, it
1s not easy to obtain dipyrrylmethanes in good yields by the condensation of pyrrole and aldehyde unless one of
the two a-positions of pyrrole is protected. In this context, 5,5'-dicarboethoxy-2,2'-dipyrrylmethanes have
frequently been synthesized and then the carboethoxy groups have been removed by hydrolysis and
decarboxylation.!! As a 5-carboethoxy substituent deactivates the pyrrole nucleus in the electrophilic substitution
reaction, the additional 3,4-dialkyl substituents as the clectron-donating groups on the pyrrole ring have been
regarded necessary for this strategy. Thus, the condensation reaction between ethyl pyrrole-2-carboxylate and

aryl aldehydes has never been examined in detail.

When o-nitrobenzaldehyde and ethyl pyrrole-2-carboxylate were allowed to react in CH2Cly in the presence
of TiCl4 at room temperature, a mixture of 2-nitrophenyi-5,5-dicarboethoxy-2,2'-dipyrryimethane (1) and 2-

nitrophenyl-5,5'-dicarboethoxy-2,3'-dipyrrylmethane (2) were formed in a ratio of 5 : 2 as judged from the NMR
analysis of the product mixture (see Scheme 1). The compound 1 was obtained in a 65 % yield through the
repeated recrystallizations of the product mixture from ethanol. The compound 2 could be isolated by careful
chromatographic separation. Three signals (6.86, 6.68, 5.88 ppm) with a 1: 2 : 1 ratio are observed for the
pyrrole ring protons of 2 in contrast to two signals (6.73 and 5.84 ppm) with a 1: 1 ratio for those of 1. The

ning protons of ethyl pyrrole-2-carboxylate at the 8- and 4-positions with respect to the carbonyl group resonate at

i1 15D 1UIC Ll ULV 11T L leopett

\

lower magnetic fields (6.8 ppm) than that at the y-position (6.1 ppm). Thus, the only one 1H-signal at 5.88 ppm
AF aha oo g in the chaminal ohift eqionahle to the w.nocition Thic is concictent with the £ &
of the compound 2 is in the chemical shift range assignable to the y-position. This is consistent with the 5,5'-

dicarboethoxy-2,3'-dipyrrylmethane structure for 2. Although pyrroles undergo an electrophilic attack generally
on the a(or 6)-position, ethyl pyrrole-2-carboxylate reacted both on the 8-pyrrole position and the y-pyrroie
position. This reactivity of ethyl pyrrole-2-carboxylate has also been noted in the Vilsmeier formylation.5®
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As shown in Scheme 1, the dipyrrylmethane 1 was then converted into 2-aminophenyl-2,2'-dipyrryl-
methane (4) through the reduction of the nitro group to the amino group (93 % yield for (3))12.13 followed by

hydrolysis and deca:boxylauon (88 % yield) according to the standard procedure. 11 After the amino group was
protected (79 % yield), 2-acetylaminophenyl-2,2'"-di
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naphthaldehyde in the presence of an acid catalyst. When the condensation was done in dry CH2Cls in the
P ok 5 ) T A o Y o~ oa

presence of BF3+OEl according to the method of Lindsey,™ an intractabie mixture of porphyrins inciuding tetra-

1-(2-methoxynaphthyl)porphyrin were obtained in a 10 % total yield after the treatment with p-chloranil. This
indicates that the dipyrrylmethane § was hydrolyzed into pyrrole and 2-acetylaminobenzaldehyde under the acidic
reaction conditions and then pyrmrole was randomly condensed with the two kinds of aryl aldehydes. In contrast,
the dipyrrylmethane § was not decomposed in a refluxing propionic acid in the presence of Zn(OAc)22H>0,
under which conditions the [2+2] condensation with 2-methoxy-1-naphthaldehyde took place to give 5,15-di(2-
acetylaminophenyl)-10,20-di-1-(2-methoxynaphthyl)porphyrin(6) as a mixture of five atropisomers in a 7 %

yield after chromatographic purification on silica gel
yie graphic purifi n silica gel.
Lg o R I s RRes
) § WU'SWP N 1LIIENES.

Ethyl pyrrole-2-carboxylate is deactivated towards clectrophilic reagents in comparison with the parent
pyrrole so that it could not be successfully used for condensation with non-activated aryl aldehydes. In fact, ethyl
pyrrole-2-carboxylate did not react with 2-methoxy-1-naphthaldehyde under the standard reaction conditions as
noted above. Further limitation comes from the drastic reaction conditions required for the removal of the a-
carboethoxy groups of the dipyrrylmethanes which have a functionality on the meso-aryl moiety. In fact, it was
necessary to reduce the nitro groups of 1 before the decarboxylation step in the synthesis of Scheme 1. Since the

nnqnhchtntm‘lnv role 1§ rea

unsubstituted pyr reactive enough to underg rophilic substitution with a non-activated aryl aldeh

-

of pyrrole with

2-methoxy-1-naphthaldehyde was examined under various conditions as summanzed in Table 1. Whereas the
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Scheme 2. Two-step synthesis of mixed meso-tetraarylporphyrins.

use of p-toluenesulfonic acid in methanol resulted in the formation of a mixture of oligomeric products, acid
catalysis by 2 mol % TiClg4 in CH2Cl, was found to give a good yield (71 %) of 1-(2-methoxynaphthyl)-2,2'-
dipyrrylmethane (7) at room temperature in 10 min, if 100-fold molar excess of pyrrole was used in order to
suppress oligomerization. Because the most part of excess pyrrole can be recovered by distillation in the work-up

process, this reaction is pracuoally applied to a Iarge scale synthesls A similar procedure has already been
rep(}i‘ted in the hfﬁxaﬂifﬁs T

and 5 so that it can be stored for months in a refrigerator.

Table 1. Synthesis of 1-(2-Methoxynaphthyl)-2,2'-dipyrrylmethane(7).

- S . o - - . a
gg\irvcﬂe 2- n;ﬁl;ggel( nl:i%nh c(aiig}st solvent temp. {tx;l.l:.'?) y1elc} %f) @
230 11 p-TsOH (11) MeOH r.i. 5 0
230 11 p-TsOH (1) MeOH r.t. 120 0
630 30 TiCl4 (3) CHCl, -20°C 30 36
1260 30 TiCly (0.6) CH.Cl, r.t. 10 49
2960 30 TiCl4 (0.6) CH.Cl, r.t. 10 71
5920 30 TiCl4 (0.6) CHoCl, r.t. 10 73

?based on 2-methoxy-1-naphthaldehyde

When the dipyrrylmethane 7 was condensed with o-nitrobenzaldehyde in dry CH2Cly in the presence of a
catalytic amount of BF3°OEty, an intractable mixture of porphyrins with random meso-aryl substitution patterns
were also obtained (Table 2, run 1). The total yield (24 + 4 %) of porphyrins and the reaction conditions in this
case are similar to those reported by Lindsey for the condensation of an aryl aldehyde and a dipyrrylmethane
having a 2,6-disubstituted arvl group on the central carbon. 5d However, Lindsey obtained a single porphyrin

2225 LisUustitdted al 1L il ALA11Uot 211 Y

product without formation of porphyrins resulting from the ac1d—catalyzcd redistribution of the dipyrrylmethane
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hydroiysis owing to the buiky aryl substituents. A miider acid catalyst than BF3°OEt; promoted condensation
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Table 2. Condensation of 1-(2-Methoxynaphthyl)-2,2"-dipyrrylmethane(7) with o-Nitrobenzaldehyde 2
run method®  (7) catalyst solvent temp / time yield of (8)
( (mM) CE ) (%)

i A 6 BF3+OEt; (0.6) CH,Cl, r.t./ 24 (28.4)
2 A 6 TFA (6) CH,Cl, r.t./ 17 8.6
3 A 6 TFA (6) CoH4Clhp 83/20 i2.3
4 A 40 none EtCO,H - CH,Cla r.t./2.5 42
5 A 40 Zn(OAc), (60)  EtCO.H - CH,Cly r.t./2.5 10.1
6 B 40 Cu(OAc); (60) EI_CQzH - CH,Cl, 50/3.5-140/2 4.

7 B 40 Zn(OAc), (60) EtCO,H - CHCl, 50/3.5-140/2 13.8
8 C 40 Zn(OAc), (60) EtCO,H - CH,Cl» 50/3.5—-140/2 18.1
9 B 40 Zn(OAc); (60) EtCO,H - CHxCl, 0/2—->rt./15-140/2 21.0
10 C 40 Zn(OAc), (60) EtCO,H - CH,Cl, 0/2->rt./15—-140/2 258

2 The molar ratio of o-nitrobenzaldehydeand 7 is 1 : 1 in every run. The volume ratio of EtCO,H - CH,Cl, is 3 : 1 in the runs 4 ~

10. b A: the addition of the dipyrrylmethane 7 to a-mlrobcnaﬂdehyde followed by the work-up with p-chloranil. B: the addition of
the dipyrrylmethane 7 to o-nitrobenzaldehyde followed by the air-oxidation at 140 °C. C: the addition of o-nitrobenzaldehyde to the
dipyrrylmethane 7 followed by the air-oxidation at 140 “C. © A total yield of a mixture of porphyrins with random meso-aryl

atstuadi nor matbarea i1 e 1

ey
Stosutuuon paucrin i u.w an 1.

without hydrolyzing the dipyrrylmethane 7 to afford 5,15-di(2-nitrophenyl)-10,20-di-1-(2-methoxynaphthyl)-
porphyrin (8) in up to a 12 % yield, if the initially formed porphyrinogen was oxidized to the porphyrin by using
p-chloranil. Table 2 (run 2 - 5) shows that trifluoroacetic acid (TFA) is superior to propionic acid as an acid
catalyst and that the addition of Zn(OAc)2:2H20 improves the yield of the porphyrin 8 in the reactions at room
temperature. On the other hand, the condensation at room temperature followed by the acrobic oxidation of the
formed porphyrinogen in refl

¢l Iyl 1

vields (Table 2
yiewds(1adic £

uxing propionic acid resulted in the formation of the porphyrin 8 in much

]
-
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¥

s A Gik2 i

D c i 1AM O

when LIIC reaciion mixiure was heaied to 140 "C for 2 hr.
1-(2-Ethoxycarbonyimethoxynaphthyl)-2,2'-dipyrrylmethane (9) was similarly prepared in a 64 % yield
and then condensed with o-nitrobenzaldehyde to afford 5,15-di(2-nitrophenyl)-10,20-di-1-(2-ethoxycarbonyl-
methoxynaphthyl)porphyrin (10) 1n a 20 % yield. The porphyrin 10 was converted into 5,15-di(2-acetylamino-
phenyl)-10,20-di-1-(2-methoxycarbonylmethoxynaphthyl)porphyrin (11) through the reduction with SnCl,,
reesterification of the hydrolyzed carboxyl groups with methanol, and acetylation with acetic anhydride in a 78 %
overall yield. The conversion of the porphyrin 8 to the porphyrin 6 was done by a similar procedure in a 81 %

overall vield
gverall yield.

Separation and characterization of atropisomers of the porphyrins with mixed meso-aryl
groups:

The chromatographic separation of the porphyrin 6 on silica gel using solvents with gradient from benzene
to CH»Cl3 and finally to CHCls - acetone (10 : 1) afforded five fractions (6a - 6e) in the order of elution. The
1 NMR spectra show that the two acetylaminophenyl groups are non-equivalent only in the second fraction 6b,
whereas the two methoxynaphthyl groups are non-equivalent only in the fourth fraction 6d. That is, a pair of
acetylamino NH signals are observed at 6.81 and 6.80 ppm and a pair of CH3CO signals are at 1.25 and 1.24

UG vl a4 i 113

ppm with a 1 : 1 ratio in the H NMR spectrum of 6b. A pair of methoxy signals are observed at 3.66 and 3.64
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ppm; doublets at 6.88 and 6.77 ppm) in the *H NMR spectrum of 8d. Therefore, 6b and 6d are unambiguousiy
associated to the aa’pa’ and the aoc’af’ isomer, respectively, as depicted in Scheme 3. Two 2-methoxynaphthyl
groups are anti in the latter and syn in the former. Although the remaining fractions, 6a, 6c, and 6e, could not
be differentiated on the basis of the spectral patterns in their 1H NMR spectra, they were characterized on the
basis of the thermal interconversion behaviors. It is known that an aaaa isomer of tetra(2-pivaloylamino-
phenyl)porphyrin (12) isomerizes to other atropisomers under reflux in m-xylene for 45 min while an coaa
isomer of tetra-1-(2-hydroxynaphthyl)porphyrin (13) is totally unaffected under reflux in toluene for 2 hr.2¢.72
Therefore, the rotational barrier of the 2 2-methoxynaphthyl groups at the 10- and 20-meso-positions of 6 is

expected to be much larger than that of the 2 -acetylammophenyl groups at the 5- and 15-meso-positions of 6.
HPLC analysis (SiO2 / CHCl3) of m-xylene solutions of &b (aa’'pa’) and 6d (aa’ap’) afier reflux for 1 hr
showed that 6b was isomerized to both 6éc and 6e whereas 6d was isomerized only to 6a. The interconversion
between the two groups, (6b, 6c, 6e) and (6a, 6d), has never been observed under the above reaction
conditions. This means that the rotation of the 2-methoxynaphthyl group (process B in Scheme 4) does not take
place under the above conditions and that the latter two isomers have an anti 2-methoxynaphthyl arrangement
whereas the former three isomers have a syn arrangement. The observed isomer ratio after equilibration based on
the HPLC peak areas was 3.4 for (6b + 6c¢) / 6e whereas 1.0 for 6a / 6d. These ratios are in good accordance
with the theoretical ratios (1: 1 for 6a/ 6d.2:1: 1 for 6b/ 6c/ 6e), assuming that the rate of rotation of an 2-

is independent of the arrangement of th
symmetric isomers (af’'af’ and ao’aa’). The last fraction 6e on silica gel HPLC is considered to have all the
polar substituents directed to one side of the porphyrin plane (ac’aa’), taking into account a number of reports on
the separation of atropisomers of meso-tetraarylporphyrins including 12 and 13.7 Thus, the remaining fraction
6c must possess an af’af’ arrangement. The isomer distribution (6a/ (6b + 6¢)/ 6d / 6e = 0.84:2.1: 1.5:
2.5) just after the {2+2] condensation reaction was determined on the basis of the HPLC analysis.

The five atropisomers (the bands I ~ V) of 11 were also separated by column chromatography on silica gel

band | band Ii band lil band IV band V
NHAC  Aas. ~aa. NHAC A NHAc MR ~a C OMe
! ul e Uivie T | NHAc NHAcT = OMe | NHACT -
| | o | | I
OMe ‘hlerAc NHAc OMe OMe OMe
(6a) (ca'Bp) (6b) (xa’Bcr) (6c) (af'af) (6d) (aa'ap’) (6e) (ac'oa’)
NHAc OR
NHA NHA NHA NHA - |
c c C HAc -
\ oR oR ! OR N NHAcOR I NHAc  OR | NHAGOR ﬁ
OR  NHAc NHAc ~ OR OR R ), NHAC
(11a) (aa'fp) (11b) (aa'Ba) (11d) (ac'af’) (11¢) (af'ap) (11e) (ac'ocr) ey, OR
NH N=
£ -N HN
NHAc NHAC 0 NHAC on on NHAC on oy NHAS o RO w@
NHA c NHA
r&rzc—i . FéPJ b A aoin )
OH OH OH NHAc OH NHAc
(14c) (ap'oB) (143) (ac'Bp) (14d) (ac'ap)  (14b) (ca'Ba)  (1de) (ad'aa) R = CH,CO-Me

Scheme 3. Relative polarity of 5 atropisomers of mixed meso-tetraarylporphyrins (6), (11), and (14).
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Scheme 4. Atropisomerization by the rotation of the 2-acetylaminophenyl group (process A) and
the 2-alkoxy- or 2-hydroxynaphthyl group (process B) in the porphyrins (6), (11), and (14).

using eluents with gradient from CH2Cls finally to CHCl; - ethyl acetate (1 : 3). The five fractions (11a, 11b,

-~ nfrn\.—\q i A. Ous toria —
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T1A 1T1a 1%1a)wara ahtainad tn tha ld i Uf clutluu Thca ed o

1iq, 1A, aie) were ootained in tne PiSOMmicis :y characteri: 1
the basis of the splitting patterns of the "H NMR signals due to the acetylamino group and the methoxycarbonyl-

methoxy group. The two acetylamino groups are non-equivalent only in the second fraction, whereas the two
methoxycarbonylmethoxy groups are non-equivalent only in the third fraction. That is, a pair of the acetylamino
NH singlets are observed at 6.78 and 6.87 ppm with a 1 : 1 ratio and a pair of the CH3CO singlets are at 1.25 and
1.27 ppm in the 'H NMR spectrum of the second fraction. A pair of the OCHp singlet are observed at 4.43 and
4.45 ppm with a 1 : 1 ratio and a pair of the OCH3 singlets appear at 3.51 and 3.54 ppm in the !H NMR

spectrum of the third fraction. Therefore, the second and the third fractions are associated to 11b (aa’fa’) and
11d (aa'af’), respectively. The OCH3 protons at the 2-naphthy! position appear as AB doublets or singlet(s)
depending on whether the two acetylaminophenyl groups are in an anti or syn arrangement. The first and the

syn ar .
second fractions show AB doublets at 4.43 and 4.45 ppm and at 4.42 and 4.44 ppm, respectively, while the
fourth and the fifth fractions show singlets at 4.42 and 4.46 ppm, respectively. Therefore, the first fraction is
assigned to 11a (aa’pp’). Although the fourth and the fifth fractions could not be differentiated on the basis of
the splitting patterns in their 1H NMR spectra, the much more polar nature of the fifth fraction than the fourth
fraction ensures that the fifth fraction is the aa’ac’ atropisomer 11e.”7 Thus, the fourth fraction is associated to
11c (ap’ap’). When the third fraction was heated under reflux in m-xylene for 4 hr, it was isomerized only to the
first fraction. This means that the first and the third fractions are the atropisomers with an anti arrangement of the

1-(2-methoxycarbonylmethoxy)naphthylgroups, because only the 2-acetylaminophenyl group rotates under these

conditions. When the fourth fraction was heated under refluxin m-Xylene for 4 hr, it was mainly isomerized to
s [ M PR, oy Sy PPN

£ Ea) . o
1

the second and the fifth fraction. Therefore, the second, ihe fourth and the fifih {ractions
with a syn arrangement of the 1-(2-methoxycarbonylmethoxy)naphthyigroups. These isomerization behavior is
consistent with the NMR spectroscopic characterization of the atropisomers discussed above.

In order to give a further insight into the structure and polarity relationship in the atropisomers of the
porphyrins with mixed meso-aryl groups, the methoxy groups of the porphyrin 6 were converted into the
hydroxy groups by using BBr3. Whereas similar demethylation reactions with BBr3 are known to proceed

uantitatively in the case of meso-tetraarylporphyrins with 2- methoxyphenyl and 2-methoxynaphthyl groups,
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reaction conditions using large excess amount of BBr3 (56-foild moiar) initially at -78 °C and then at room
temperature. When a mixture of five atropisomers of 6 were treated with BBr3 (17-fold molar) and ethanethiol
(53-fold molar), the five atropisomers of 14 (the bands I ~ V) could be isolated in 9, 15, 22, 12, and 11 % yield
in the order of decreasing Ry values on a silica gel TLC plate. Since three slowly running atropisomers (the bands
III ~ V) on silica gel chromatography of 14 were converted exclusively back to the original atropisomers, 6d,
6b, and 6e, by the treatment with methyl iodide in acetone containing K2COs, they were unambiguosly identified
as 14d, 14b, and 14e, respectively. The band I and II atropisomers of 14, however, decomposed in an

ginal atropisomers of 6. When the band I atro

was heated in a refluxing DMF solution for 2 hr, it was isomerized to all the atropisomers (the ratio of band I/ 11/

;memnted methylation reaction omno back to the or
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the band IV atropisomer (14b) suggests that the band I atropisomer has the same arrangement (syn) of 1-(2-
hydroxynaphthyl) groups as 14b. Furthermore, the identity of the band I and II atropisomers was confirmed on
the basis of the fact that 5,15-syn-di-1-(2-hydroxynaphthyl)-2,3,7,8,12,13,17,18-octaethylporphyrin has a
greater binding constant with anthraquinone than the corresponding 5,15-anti isomer.2d The observed binding
constants (Kj3) of the band I and II atropisomers with anthraquinone in CH3Cl; are 64 M-l and 1.9 M1,

respectively. These values parallel the reported values for the syn and anti isomers of 5,15-di-1-(2-hydroxy-

naphthyl)octaethylporphyrin (220 M1 vs. 5.9 M-1). Therefore, the band I atropisomer is a C3-symmetric isomer

14e 1n which two mesa-1-(2-hvdroxvinanhthvl orouns are svn and the hand I1 atronisomer i a C:-svmmetric
LeC In wWich WO meso-1-(L-NYyCroxy)napinthyi groups are syn and the dand ii alropisomer i1s a {j-symmetnc
ionmmar 1 A4 (0 wwhinh trrn svzon 1 7 hodenvinanhibhal aentisms aen amt Tha texrn 1 /D Lerdenwertmnmbhtle] ~onaens
IDUILITE A%e<t 111 1HGLL VWO T CJU"L'\A‘quI Ay} ) ! Plll—llyl bl upb al aliul 11IC LWU 1-\4,'11)'\.11 Ay} 1 Plllllyl El u

and also the two 2-acetylaminophenyl groups are equivalent in the !H NMR spectra of 14¢, 14a, and 14e. The
atropisomer 14d showed a pair of doublets due to the 8-naphthyl protons at 6.70 and 6.80 ppm and a pair of
triplets due to the 7-naphthyl protons at 6.81 and 6.96 ppm. This is consistent solely with the ao’ap’
conformation of 14d. The isomer 14b showed two pairs of doublets due to the 3-phenyl protons at 8.51 and
8.55 ppm and the acetyl protons at 1.21 and 1.23 ppm in accord with its aa’fa’ conformation.

In general, a porphyrin atropisomer becomes polar as its polar substituents are converged to one side of a
porphyrin plane. This tendency is reported for a number of porphyrins with meso-tetraaryl groups.”? For

example, the order of polarity of four atropisomers of meso-tetra(2-aminophenyl)porphyrinis apaff < aaff <

v Ber < rerersey 13 acenming that tha ralative nalarity of atronienmere ag froe hace forme 1e ditectly related ta the
u.u.pu, ~ KU, auuuus tiiat wuiv iviauve 1alitL Ul auUPlDUlllle QA 11IVL UAQdu 1ULLIID 1D ulivvud IvialLu W oLiu
order of elution from normai p fnase s gel Chromatogrdpny Since an ace tyiamiﬁo group is a much more puwu

substituent than a methoxy group, the atropisomers with an anti arrangement of the 2-acetylaminophenyl groups
(6a and 6b) run faster than the atropisomers with a syn arrangement of the 2-acetylaminophenyl groups (6c, 6d,
and 6e) in the normal phase chromatography on silica gel. The arrangement of the 2-methoxy-1-naphthyl groups
makes a secondary effect on the polarity of atropisomers. Thus, the atropisomer with an anti arrangement of the
2-methoxy-1-naphthyl groups 6a (or 6d) runs faster than the corresponding atropisomer with a syn arrangement
of the 2-methoxy-1-naphthyl groups 6b (or 6e). The atropisomer 6c is less polar than 6d and 6e since the

diffaranca in tha nnlarity hatween the twn cidec of the nornhvyrin nlane i< smaller in &¢ than in 6d and 6e. Since
VLIl wANIINAL B1E Ui lJ\JlmlL EACLYY il MW LYYV L7 ODiWwd /R v y\ll llllJlAll .llull\l A5 JiaiiRian a 1Al WA R RARARl Ai2 wrme Iaiila W e aARA
an e cmm s il cnnhatitizant than o mathavirmmarhanolmaoathnavo aentis tha Ardar Af tho nAalarity
an LyldlIllIlU group is a mof pO1ar SunSuULUCiL indin 4 MEuOAYyCArvuNyIMCUIUAY BIOup, uic UIULl Ul Uit puiaiiv

C e
of five atropisomers in the porphyrin 11 (11a < 11b < 11d < 11c¢ < 11e) is the same as that in the porphyrin 6

(6a < 6b < 6¢ < 6d < 6e) except that 11¢ follows 11d. On the other hands, the order of the polarity of the five
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Table 3. Thermal Isomerization between Five Atropisomers of (14).
starting isomer solvent temp / time isomer distribution (%)?
(°C/hp) (14¢) (14a) (14d) (14b) (14e)
(14c) m-xylene 140/ 24 0 44 16 37 0
(14a) m-xylene 140/ 24 0 90 2 4 0
(14d) m-xylene 140/ 24 0 78 16 5 1
(14b) m-xylene 140724 0 1 0 97 1
(14¢) m-Xylene 140/ 24 0 9 1 84 1
(14¢) DMF 153/2 25 6 5 48 14
{14b) DMF i53/8 17 il i0 36 22

 based on the lewak areas (column: 6 x 150 mm ODS (Cosmosil 5C18-AR); eluent: MeOH-H,0 (5 : 1); flow rate: 1.0
mL/min; detection: at 400 nm).

atemmioanmanen ~§ 1A 71 A~ - 14 - 1 A2 _ o B A o o bt
LIOPISUINCIS UL Ao A9 < 198 < 190 < l"lu\ .l"l'e}l COILINIMLCIIL

polar than an acetylamino group, if 14c is not taken into account. The fact that 1dc is the least polar atropisomer
suggests that a hydroxy group seems to be only slightly more polar than an acetylamino group.

When a single atropisomer 14b was heated at reflux in a DMF solution, 14b was isomerized to all the
atropisomers. The observed isomer distribution between the five atropisomers (14c/ 14a/ 14d/ 14b/ 14e =
17/ 11/ 10/36/ 22) after 8 hr is explained in terms of a fast rotation of 2-acetylaminophenyl groups (process A
in Scheme 4) because the ratio of 14c, 14b, and 14e is close to a theoretical ratio (1 : 2 : 1) for the atropisomers
with a syn arrangement of the 1-(2-hydroxy)naphthyl groups. The ratio of 14a and 14d is also close to a
theoretical ratio (1 : 1) in the case of the free rotation of 2-acetylaminophenyl groups of the atropisomers with an

ants arrangamant Af tha 1 D _huderaviimamhthel ograimg oo avar tha sonmasiratinn hatinaan thaca tyvra ormnino 1o
alitl dilaluguliivul Ul ULV 17 &7 YUTUA Y JHAapPrItilyl S1UUps. 11IUWCOVOl, UIT DULLITILLAUULL UTLWECH LLUCOT LWL ELUUDD 1D
very slow because the rotation of 1-(2-hydroxy)naphthyl groups (process B in Scheme 4) is very slow under the

conditions of DMF reflux. In contrast, the isomer distribution is governed by the solubility of each atropisomer
when a single atropisomer of 14 is isomerized in a refluxing m-xylene solution for 24 hr. The atropisomers, 14a
and 14b, were almost unchanged (90 and 97 % contents, respectively, after heating) and atropisomers, 14c,
14d, and 14e, were predominantly isomerized to 14a and 14b as summarized in Table 3. The insoluble nature
of 14a and 14b in m-xylene should be responsible for this convergent isomerization behavior. Since the

structures of 14a and 14b are different from other three atropisomers in the sense that two 2-acetylaminophenyl

A Ty W Tetw v m T

CONCLUSIUN

Aryldipyrrylmethanes were successfully used to the synthesis of meso-tetraarylporphyrins in which two
differently ortho-substituted aryl groups are positioned alternately at the 5-, 10-, 15-, and 20-meso positions.
The five atropisomers of the 5,15-di(2-acetylaminophenyl)-10,20-di-1-(2-substituted naphthyl)porphyrins, 6,
11, and 14, were separated by chromatography and characterized on the basis of the 'H NMR and thermal

opisomers of these porphyrins is governed by the relative

LIS a1 -

groups. Two atropisomers (ao’p’ and aa’po’) were obtained in greater abundance by t
of the five atropisomers of 5,15-di(2-acetylaminophenyl)-10,20-di-1-(2-hydroxynaphthyl)-porphyrin 14.
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Further study directed to the stereoselection using the derivatives of mixed meso-tetraarylporphyrins and their
metal complexes is now going on.

S ars mracoiiTsd s e AN INEN ALY r 1

‘H and 2C NMR SpeECira WCEIE Imicasur n a Bruker AC-250 {250 MHz ior *H) ) spectromeier and the
chemical shifts are referenced to tetramethylsilane as an internal standard. UV-vis spectra in CHCly solution
were measured on a Shimadzu UV-2200. IR spectra were obtained in a KBr disk on a Hitachi I-2000. EI mass
and FAB mass spectra were taken on Shimadzu GCMS-QP2000A and JEOL JMS-SX102. m-Nitrobenzyl
alcohol was used as a matrix for FABMS measurement. HPLC analyses were performed on a Shim-pack PREP-
SIL(H) or a Cosmosil 5C18-AR column. GC analyses were done on a Shimadzu GC-14A with a Silicon SE-30
column. Melting points are uncorrected. Wakogel C-300 (silica gel) and Merck aluminiumoxide 90 were used
for column chromatography. Merck aluminiumoxide 60 Fas¢ neutral, and Merck Kieselgel 60 Fs¢ were used

ARANRA LRI SAYEE 4 dilu LCILR INICHU

for TLC analyses. Dichloromethane was dried by distilling from calcium hydride and stored over molecular

; ied and distilled before use
sieves 4A. Methanol, ethanol, and ether were dried and distilled before use.

2-Nitrophenyl-5,5'-dicarboethoxy-2,2'-dipyrrylmethane (1) and 2-nitrophenyl-5,5'-dicarbo-
ethoxy-2,3'-dipyrrylmethane (2). In a three-necked, round-bottomed flask equipped with a septum, a
stopper, and a two way cock attached to an argon line, 5.8 g (42 mmol) of ethyl pyrrole-2-carboxylate, 3.0 g (20
mmol) of o-nitrobenzaldehyde, a small amount of molecular sieves 4A were placed under argon atmosphere. 300
mL of dry CH,Cl, was added to this flask and the whole mixture was cooled at 0°C. Titanium tetrachloride (1
mL) was added through a septum and the mixture was stirred magnetically for 20 hr at 20°C. The reaction

nd then with wa After drying over anhydrous

vivii ¥ iy UVC 111 yReiUu,

mixture was washed with saturated NaHCO3 aqueous solution

]

;
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NapSOj4, the organic layer was condensed and the residue was purified by repeated recrystallizations from
thanol. The product, 2-nitropt Ty

-5,5'-dicarboethoxy-2,2'-dipyrryimethane (1), weighs 4.36 g (10.6 mmol;

]ﬂi

p 1€n y im
53 % yield). M.p. i81~184°C. H NMR (in CDCI3) 6 1.31 (t, 6H, OCCH3); 4.17 (q, 4H, OCH2C), 5.84 (dd,
2H, pyrrole-p-H), 6.27 (s, 1H, methine); 6.73 (dd, 2H, pyrrole-g-H); 7.43, 7.53 (dtx2, 1Hx2, 4- and 5-phenyl-
H); 7.62, 7.92 (ddx2, 1Hx2, 6- and 3-phenyl-H); 10.3 (bs, 2H, NH). IR 1680 (CO); 1532, 1352 cm1 (NO»).
MS (m/e) 411 (M+), 394, 348, 331, 302, 245. Elemental analysis caled for C21H21N30¢: C, 61.31; H, 5.14;
N, 10.21. Found: C 61.40; H, 5.26; N, 10.03.

The fiitrate from the above recrystallization was evaporated and the residue was chromal.ographed
repeat dlv on silica gel A vellnw fraction eluated close I annwmg (1) with benzene - acetone (40 ;1) gave the

g, 4H, OCH;C); 5.88 (1, 1H, pyrrole-g-H), 6.68 (mx2, 1Hx2, pyrrole--
H); 6.86 (dd, 1H pyrrole--H), 6.17 (s 1H, methine); 7.2~8.0 (m, 4H); 9.6, 9.8 (bsx2, iHx2, NH). The
chemical shifts, especially of NH proton, of (1) and (2) are dependent on the concentration. IR 1680 (CO);
1532, 1352 cm'! (NO3). MS (m/e) 411 (M1), 394, 348, 331, 302, 245. Elemental analysis caled for

C21H21N306: C, 61.31; H, 5.14; N, 10.21. Found: C 61.48; H, 5.07; N, 10.33.

2-Aminophenyl-5,5'-dicarboethoxy-2,2'-dipyrrylmethane (3). According to the literature method for
ordinary TiCl3 reduction,!3 a mixture of 2-nitrophenyl-5,5'-dicarboethoxy-2,2'-dipyrrylmethane (1) (7.0 g, 17.0
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mmol), acetic acid (100 mL), water (100 mL), THF (100 mL), and 20 % titanium(III) trichloride solution in
hydrochloric acid (150 mL) was stirred for 1 hr at room temperature. Then flw mixture was treated with

4 33wiky VALV 1iix

saturated aqueous sodium hydroxide, and extracted with ether until the aqueous layer becomes colorless. The
organic layer was washed with waier, dried over anhydrous Na,SOj4, and condensed under reduced pressure.
The crude product was washed with a smali amount of cold CH2Clj to give 5.2 g (13.6 mmol, 80 % yield).
M.p. 159~160°C. IH NMR (in CDCh) & 1.31 (t, 6H, OCCH3); 3.6 (bs, 2H, NHjy); 4.26 (q, 4H, OCH1C);
5.41 (s, 1H, methine); 6.00 (m, 2H, pyrrole-g-H); 6.83 (m, 2H, pyrrole-g-H); 6.74 (dd, 1H, 3-phenyl-H); 6.81
(dt, 1H, 5-phenyl-H); 6.98 (dd, 1H, 6-phenyl-H); 7.15 (dt, 1H, 4-phenyl-H); 9.5 (bs, 2H, NH). IR 1674 ¢cm'!
(CO). MS (m/e) 381 (M), 352, 306, 260, 169. Elemental analysis caled for Co1H3N304: C, 66.13; H, 6.08;
N, 11.02. Found: C 66.09; H, 6.13; N, 11.04.
Catalytic hydrogenation of NO; to NH2 was performed accordin
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reaction was followed by TLC (Ry= 0.3 for (l) and 0.1 for (3) silica gel, CH2C12) and completed within half a
.day. Pd-C was filtered off with a Celite and the filtrate was evaporated. The crude product was washed with a
small amount of cold CH»Clx to give 1.72 g (4.51 mmol, 93 % yield).

2-Aminophenyl-2,2'-dipyrrylmethane (4). According to the procedure of the literature!!, a mixture of 2-
aminophenyl-5,5'-dicarboethoxy-2,2'-dipyrrylmethane (3) (8.3 g, 21.7 mmol), ethylene glycol (160 mL), and
sodium hydroxide (4.0 g) was refluxed for 2 hr under argon atmosphere. The reaction mixture was cooled and

then partitioned between water and CH2Cly. The organic layer was washed with water, dried over anhydrous

Kal'(y: and condancad nindar raducad nrocciira Tha ragidna wag aniclly macgad thranah a chart qilica onl
HnoVL3, ani COnuCsea Uil [ICuulll préssuwie. 111C IC8IGUC Was QuiCniy pasSCh uiiGugin 4 SaoIt Siitd gl
~AY ISP e & e | g o} TP BRSPS SR o S N Y A Y | NSl S Wall -~ a cilins =217 /~ o 1 a1 g ol 1 sial A
cojumn wilil Lrigul. 10€ eiuCm Ol a4 INf valuc 01 V.4 Wil Lrigliz On a S1cA gel 1 LA was Collecicd. 1€ yiCla

of (4) was a 8 % YIeld 4.57 g, 193 mmol). The compound (4) deteriorated at room temperature. M. pP.
41~43°C. 1H NMR (in CDCl3) 6 3.66 (bs, 2H, NH3); 5.40 (s, 1H, methine); 5.98 (m, 2H, pyrrole-g-H); 6.15
(m, 2H, pyrrole-g-H); 6.68 (m, 2H, pyriole-a-H); 6.71 (dd, 1H, 3-phenyl-H); 6.78 (dt, 1H, 5-phenyl-H); 7.00
(dd, 1H, 6-phenyl-H); 7.11 (dt, 1H, 4-phenyl-H); 8.5 (bs. 2H, NH). MS (m/e) 237 (M*), 219, 169, 145.

washed with water, dried over K2CO3, and condensed with rotary evaporator. The residue was quickly passed
through a short silica gel column with CH2Cla. The eluent of a R value of 0.2 with CH2Cl3 on a silica gel TLC
was collected. The yield of (5) was a 79 % yield (2.15 g, 7.70 mmol). The compound (5) deteriorated at room
temperature. M.p. 47~52°C. H NMR (in CDCl3) 4 2.02 (s, 3H, COCH3); 5.53 (s, 1H, methine); 5.90 (m,
2H, pyrrole-p-H); 6.15 (dd, 2H, pyrrole-p-H); 6.71 (m, 2H, pymole-a-H); 7.15 (s, 1H, NHCO); 7.15 (m, 2H,
3- and 4-phenyl-H); 7.29 (dt, 1H, 5-phenyl-H); 7.53 (dd, 1H, 6-phenyl-H); 83 (bs, 2H, NH). IR 1666 cm!

(CO). MS (m/e) 279 (M*), 236, 219, 207, 169.
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acetylaminophenyi-2,2'-dipyrryimethane (5) (588 mg, 2.11 mmol), 2-methoxy-1-naphthaldehyde(
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1 hr. It was then heated up to reflux temperature in 30 mi

further 2 hr in an oil bath. Then, the propionic acid was distilled off and the resulting oily resudue was cooled
and solidified with addition of hexane. The biack soiid was collected by fiitration and washed with hexane. The
solid material dissolved in CH2Clz was treated with excess aqueous ammonia, dried over Na;SOy, and
condensed under reduced pressure. The residue was chromatographed on a dry alumina column with CH;Cl».
The dark red fraction was collected and then treated with 10 mL of conc. HCI for 1 hr with vigorous stirring.
After the organic layer was washed with excess aqueous ammonia, dried over Na;SOy4, and condensed under
reduced pressure, the residue was purified by chromatography on dry alumina. The first red band eluted with
CH2Clp was further purified on silica gel with a mixture of CH2Cl3 and acetone (10 :1) to give the porphyrin (6)

as a mixture of five atropiso

&3 ARARimwnes - ohd o vll‘exs ln a 7~0 % JE lllg’ e/ { o/ 1111AX L'L-p- > IAINS Nvw IN 1/\]\} will \\/Ul
nnaliraia ~ala '~ J, & 4 AT Mo INII N M 7 87 1Y &£ .

FABMS (mv/e) 889 (M+*+1). Elemental analysis caled for CsgHyqNgO45(1/2)H20: C, 77.57; H, 5.05; N, 9.36

| S e B fa R oo e 5> 90 § £ 12, hY £ 1 4

rouna: C77.73; H, 5.13; N, $.14.

Separation of 5 atropisomers of (6). A mixture of five atropisomers of the porphyrin (6) was scparated
into three bands by a silica gel column chromatography. The first and the second bands eluted with CH»Clj and
the third band eluted with CH2Cl3 - acetone (10 :1). The first band dissolved in benzene solution was loaded on
the top of a silica gel column and eluted with CH,Cl; - benzene (1 :1) to give three separated fractions, an aa’pp’
isomer (6a), an aa’fa’ isomer (6b), and an af’af’ isomer (6¢), in the order of elution. The second band of the

first column was dissolved in benzene and chromatosranhed on silica gel. The main red fraction eluted with

1150 LOIUINN LRows ) LA ALRLRNAR G S LIl salils AV ixaiddiz 1ue iUV vivii

CHaClz gave an ao’af’ isomer (6d). The third band of the first column was dissolved in CH>Cl, and
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chromatographed on silica gel. The main red fraction eluied with CH,C
. L
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At

cetone (lU 1) ngB an ao’oaa’

0, 0.04, and 0.015) on Merck Kiesel Gel
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isomer (6e). The five fractions showed the Ry vaiues (0.17, 0.15, 0.

60PF254 with CH2Cl; elution. The HPLC elution volumes of these atropisomers (column: 4.6 x 250 mm SiO;
(Shim-pack PREP-SIL(H)); eluent: CHCl3; detection: UV at 400 nm) are 4.4, 4.7, 4.7 (overlapped), 8.3, 23
mL. UV-vis (Amax(loge) in CH2Clp) (6a). 422 (5.39), 515 (4.27), 547 (3.70), 591 (3.74), 654 (3.90). H
NMR (in CDCl3) (6a): & -2.40 (bs, 2H, NH); 1.26 (s, 6H, CH3CO), 3.66 (s, 6H, OCH3); 6.78 (s, 2H,
NHCO); 6.83 (d, 2H, naphthyl-8-H); 7.02 (t, 2H, naphthyl-7-H); 7.36 (t, 2H, naphthyl-6-H); 7.75 (d, 2H,
naphthyl-3-H);8.09 (d, 2H, naphthyl-5-H); 8.36 (d, 2H, naphthyl-4-H); 7.97 (d, 2H, phenyl-6-H); 7.44 (t, 2H

n
LoTT NS et At L ok e =3 ==
phenyl-3-H); 7.76 (t, 2H, phenyl-4-H); 8.62 (d, 2H, phenyl-3-H); 8.60, 8.67 (dx2, 4Hx2, pyrrole-g-H). ( 6u):
A 1 I8 (v 2ALT D OLI MW 2 £2 7. LLY AN N £ ON £ 01 A TTXYLY ANTLIMY
—2.39 (bb, 2H, I\V'H), 1 Ly 1.4 \ DAL, IILAL, LT13LV), 2.0 (3, UI1, ULI13), V.OU, U.OIL \bAL IMIAL, INTIULU ),

6.88 (d, 2H, naphthyl-8-H); 7.01 (t, 2H, naphthyl-7-H); 7.35 (t, 2H, naphthyl-6-H); 7.71 (d, 2H, naphthyl-3-
H); 8.07 (d, 2H, naphthyl-5-H); 8.33 (d, 2H, naphthyl-4-H); 7.97 (d, 2H, phenyl-6-H); 7.43 (t, 2H, phenyl-5-
H); 7.74 (t, 2H, phenyl-4-H); 8.59 (d, 2H, phenyl-3-H); 8.60, 8.67 (dx2, 4Hx2, pyrrole-g-H). (6c¢): §-2.43
(bs, 2H, NH); 1.25 (s, 6H, CH3CO); 3.65 (s, 6H, OCH3), 6.79 (s, 2H, NHCO); 6.85 (d, 2H, naphthyl-8-H);
7.00 (t, 2H, naphthyl-7-H); 7.36 (1, 2H, naphthyl-6-H); 7.74 (d, 2H, naphthyl-3-H); 8.09 (d, 2H, naphthyl-5-
H); 8.36 (d, 2H, naphthyl-4-H); 8.02 (d, 2H, phenyl-6-H); 7.46 (t, 2H, phenyl-5-H); 7.76 (t, 2H, phenyl-4-H);
R.62 (d, 2H, phenyl-3-H); 8.60, 8.68 (dx2, 4Hx2, pyrrole-8-H). (6d):  -2.41 (bs, 2H, NH); 1.25 (s, 6H,

CH3CO); 3.64, 3.66 (sx2, 3Hx2, OCH3); 6.78 (s, 2H, NHCO); 6.77, 6.88 (dx2, 1Hx2, naphthyl-8-H); 6.9,
7.04 (¢, 1Hx2, na p“tn‘yi-"/’ H); 7.35 (t, 2H, naphthyl-6-H); 7.74 (d, 2H, naphthyl-3-H); 8.08 (d, 2H, naphthyl-
5-H); 835 ( 2H, naphthyl-4-H); 8.02 (d, 2H. phenyi-6-H); 7.45 (t, 2H, phenyi-5-H); 7.76 (t, 2H, phenyi-4-
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H); 8.61 (d, 2H, phenyl-3-H); 8.62, 8.68 (dx2, 4Hx2, pyrrole-g-H). (Se): -2.40 (bs, 2H, NH); 1.24 (s, 6H,
CH3CO0); 3.62 (s, 6H, m.t;g); 6.77 (s, 2H, NHCO); 6.92 (d, 2H, naphthyl-8-H); 7.04 (1, 2H, naphthyl-7-H);

~

H); 8.03 (d, ZH, pncnyl-o-ﬁ), 7.44 (t, 2H, phenyi-5-H);
8.60, 8.67 (dx2, 4Hx2, pyrrole-g-H).

1-(2-Methoxynaphthyl)-2,2'-dipyrrylmethane (7) and 1-(2-ethoxycarbonylmethoxynaphthyl)-
2,2'-dipyrrylmethane (9). To a mixture of 2-methoxy-1-naphthaldehyde(10 g, 53.7 mmol), pyrrole (370
mL, 5.33 mol), dry CH»Cl; (1.8 L), and a small amount of molecular sieves 3A under nitrogen was added TiClyq
(0.1 mL). After stirring at room temperature for 10 min, the reaction mixture was made basic with aqueous

________________________

le was removed by distil r reduced pressure with an aspirator (ca. 20
ily residue was free from pyrrole by heating under vacuum and then chromatographed
quickly on a short column of silica gel with benzene as an eluent. The first yellow band was collected and the
solvent was stripped off with a rotary evaporator. The residue was dissolved in 30 mL of CH»Cl,, and then
allowed to stand in a refrigerator for 3 hr. The formed precipitate was filtered, washed with ether, and dried
under vacuum. The filtrate was purified by silica gel chromatography. The combined product (7) weighs 10.76

g (35.6 mmol, 66 %). M.p. 139~140 °C. !H NMR (in CDCl3) & 3.74 (s, 3H, OCH); 6.50 (s, 1H, methine),
6.01 (m, 2H, pyrrole-g-H); 6.11 (m, 2H, pyrrole-g-H); 6.60 (m, 2H, pyrrole-a-H); 7.2~7.4 (m, 3H, naphthyl-

A rJe ]

3,6,7-H); 7.79 (m, 2H, naphthyl-4,5-H); 8.01 (d, 1H, naphthyl-8-H); 8.30 (bs, 2H, NH). MS (m/e) 302 (M+)

2,0, i3y &R R, 2GRN Y Tyl TR Ry, DR (e, 22, NQpitayaTOTIL, OOV Sy dwhdg LNAZJe iVAWS \LL

301, 145. Elemental analysis calcd for CgH18N20: C, 79.44; H, 6.00; N, 9.26. Found: C 79.32; H, 6.02; N,
9.29. The compound (%) was obtained in a 64 % yield through a similar procedure. M.p. 138~139 °C. !'H
NMR (in CDCi3) 8 1.32 (t, 3H, CHz3), 4.27 (q, 2H, CHj), 4.46 (bs, 2H, OCHj»), 6.54 (bs, 1H, methine); 6.01
(m, 2H, pyrrole-g-H); 6.10 (m, 2H, pyrrole-p-H); 6.67 (m, 2H, pyrrole-a-H);7.18 (d, 1H, naphthyl-3-H), 7.38
(t, 1H, naphthyl-6-H), 7.48 (t, 1H, naphthyl-7-H), 7.78 (d, 1H, naphthyl-4-H), 7.80 (d, 1H, naphthyl-5-H),
8.25 (d, 1H, naphthyl-8-H), 9.10 (bs, 2H, NH). IR (KBr) 1732, 1226 cm-l. MS (m/e) 374 (M+), 285, 269,
220, 145. Elemental analysis caled for C23H25N203: C, 73.78; H, 5.92; N, 7.48. Found: C 73.69; H, 6.00; N,

3,15-Di(2-nitrophenyl)-10,20-di-1-(2-methoxynaphthy)porphyrin (8) and 5,15-di(2-nitro-
selenzassdN Ta) DN X2 T 7Y dlen anas 4% — 1 ~ gy EppT, [ Py ERU Dy
phenyl)-10,20-di-1-(2-ethoxycarbonylmethoxynaphihyl)porphyrin (10). o-Nitrobenzaldehyde

(5.36 g, 35.5 mmol) in CH2Cl» (200 mL) was slowly added in 1 hr to a mixture of 1-(2-methoxynaphthyl)- 2,2‘
dipyrrylmethane (7) (10.67 g, 35.3 mmol), zinc acetate dihydrate (10 g), and propionic acid (500 mL) at O °
After the stirring was continued for 2 hr at 0 °C and then for 15 hr at room temperature, the reaction mixture was
heated until propionic acid goes into reflux. After refluxing for further 2 hr in an oil bath, the propionic acid was
distilled off and the resulting oily resudue was cooled and solidified with addition of hexane. The black solid was
collected by filtration and washed with hexane. The solid material dissolved in CH2Cly was treated with excess

aqueous ammonia, dried over NazSO4, and condensed under reduced pressure. The residue was
chromatographed on a dry alumina column with CHCl,. The dark red fraction was collected and then treated

TY 1 L Lo +L PRy, = sma suachkad sntl Avhmco

with 10 mL of conc. HCI for 4 hr with vigorous Mlmng After the Ulgdm(, ay r was washed with excess

aqueous ammonia, dried over Na3SOy4, and condensed under reduced pressure, the residue was purified by
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chromatography. The first red band eluted with CH2Cl2 on dry alumina was further purified on silica gel with a
mixture of CHzClz and acetone (10 :1) to give the porphyrin (8) as a mixture of five atropisomers in a 26 % yield

(3.94 g, 4.55 mmol). The aa’pp’ atropisomer (8a) was separated as the first band in a silica gel column
chromatography using CH>Cl; as an eluent and characterized as foliows. M.p. > 300°C. 1H NMR (in CDCl3) 6
-2.35 (bs, 2H, NH); 3.64 (s, 6H, OCH3); 6.88 (d, 2H, naphthyl-8-H); 7.03 (t, 2H, naphthyl-7-H); 7.34 (t, 2H,
naphthyl-6-H); 7.69 (d, 2H, naphthyl-3-H); 8.05 (d, 2H, naphthyl-5-H); 8.30 (d, 2H, naphthyl-4-H); 7.82 (d,
2H, phenyl-6-H); 7.87 (t, 2H, phenyl-4-H); 8.17 (t, 2H, phenyl-5-H); 8.41 (d, 2H, phenyl-3-H); 8.51 (m, 8H,
pymrole-p-H). IR 1530, 1348 cm-! (NOj). Elemental analysis caled for Cs4H36NgOg: C, 74.99; H, 4.20: N,
9.72. Found: C 75.64; H, 4.43; N, 9.94. UV-vis (Amax(loge) in CH2Clp) 422 (5.36), 525 (4.30), 548 (3.66),

596 (3.78), 656 (3.26) nm. The porphyrin (10) was obtained in a 20 % yield through a similar procedure. The

cea’ff’ atropisomer (10a) was separated as the first band in a silica gel column chromatography using CHCls as
an eluent and characterized as follows. M.p. > 300 “C. HNMR (in CDCl3) 6-2.37 (bs, 2H, NH); 0.98 (i, 6H,
MY 2 OO AT faYal s SRW -2 el .M MY h 4 4 N TY SNSYT O ~ATT oYY

CHj); 3.98 \q, 4H, OCH>»j, 4.34, 4.43 (axz: 2Hx2, J = 16.9 Hz, OCH»C0O), 6.85 (d, 2H, J = 88 Hz,

naphthyl-8-H); 7.04 (t, 2H, naphthyl-7-H), 7.37 (t, 2H, naphthyl-6-H); 7.56 (d, 2H, J = 9.2 Hz, naphthyl-3-
H); 8.05 (d, 2H, J = 8.1 Hz, naphthyl-5-H), 8.28 (d, 2H, J = 9.0 Hz, naphthyl-4-H); 7.91 (m, 4H, phenyl-4,5-
H); 8.21 (dd, 2H, J = 7.2 and 1.9 Hz, phenyl-6-H); 8.42 (dd, 2H, J = 8.0 and 1.5 Hz, phenyl-3-H); 8.51,
8.53, 8.57, 8.65 (dx4, 2Hx4, ] = 4.7 Hz, pyrrole-g-H). IR 1756 (CO), 1198 (COC), 1526, 1348 cm-1 (NO»).
Elemental analysis caled for CpHagNgO10: C, 71.42; H, 4.40; N, 8.33. Found: C 71.74; H, 4.33; N, 8.51.
UV-vis (Amax(loge) in CH2Clp) 422 (5.43), 517 (4.32), 550 (3.71), 592 (3.81), 648 (3.32).

5,15-Di(2 -acetylaminophenyl)-10,20-di-1-(2-methoxycarbonylmethoxynaphthyl)porphyrin

( A I Je— s Zovo

1). A conc. HCI solution (5 mL) was added dropwisely to a dioxane solution (60 mL) of 5,15-bis-(2-
nitrophenyi)-10,20-bis-1-(2-ethoxycarbonyimethoxynaphthyl)porphyrin (10) (595 mg, 0.59 mmol) and
SnCl2#2H20 (1.59 g, 7.0 mmol). After stirring for 15 hr at room temperature, water was added. The
precipitates was filtered, washed with water and then dried under vacuum. The filtrate was extracted with
CHCl; repeatedly and the organic layer was washed with water, dried over anhydrous Na2SOy4, and evaporated
to dryness. The combined crude porphyrin product was dissolved in a mixture of methanol (140 ml) and sulfric
acid (0.7 ml). After heating at 45 °C for 7 hr, the reaction mixture was poured into a 5 % NaCO3 aqueous

solution (150 mL). The porphyrin was extracted into CH2Cly and then the CH2Cly layer was dried over

16130 Liel L

anhydrous NapSOg4. After the solvent was stripped off, the residue was passed through a silica gel column using
1 ra AF thiva ~htninad & 18 hic 7 neaiee ~eale qiasy n_1Nn" Bl 1 77 el oo
ethyl acetate as an eluent. A mixture of thus obtained 5,15-bis-(2-aminophenyl)-10,20-bis-1-(2-methoxy-

carbonylmethoxynaphthyl)porphyrin (463 mg, 0.50 mmol), triethylamine (2 mL), CH2Cl3 (40 mL), and acetic
anhydnde (1.08 g, 10.6 mmol) was stirred overnight at room temperature. Then, water (15 mL) was added and
the mixture was stirred for 1 hr. The organic layer was separated, washed with a 5 % Na2CO3 aqueous solution
and then with water, dried over anhydrous NazSO4, and evaporated to dryness. Chromatography on silica gel
with CH»Cl; afforded 462 mg (0.46 mmol) of 5,15-di(2-acetylaminophenyl)-10,20-di-1-(2-methoxycarbonyl-
methoxynaphthyl)porphyrin (11) as a mixture of five atropisomers in a 78 % overall yield based on (10).

A mixture of five atropisomers of the porphyrin (11) was separated into three bands by a silica gel column

AALIALUIC U1 11 ALIVIoULLICI S U LG IR YR A) 4y 2L e TRILL LILILL UdliVy

chromdtography The first and the second bands eluted with CH»Cl2 and the third band eluted with ethyl acetate.

cevcr f< —4L L..A.... .\......-...I.AA o M tm~ ~ivrn Foory b2 mun o Son?

urtner Cii LOgiapnca on silica g" with \,I’IZ\AZ 18] glvc WO Iiraciioiis, aii aa pp

atropisomer (11a) and an aa’pa’ atropisomer (iib), in the order of elution. The second band of the first
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column was chromatographed again on silica gel using eluent with gradient from CH7Cly to CH,Cl; - ethyl
oo & o ra e Fa & g
acetate 11‘7‘ 1\ to result in the senaration of verv close two bands. an ao’a8’ atronisomer (112 and an 8’8’
s v FVAVOWAT A2X WSV WA RWWLS Wl vvl_y WEVGW BTV L LAGLLIUG, CUI WA U QUURPIDUILIVE | A AU Ailu all xp P
atropisomer (11¢), in the order of elution. The third band of the first column was chromatographed again on

Vol B P e |

silica gel using CH2Cl; - ethyl acetate (1: 3) to give an aa’aa’ atropisomer (1 ie). The five fractions showed
the Ry values (0.77, 0.72, 0.63, 0.38, and 0.09) on Merck Kiesel Gel 60PF254 with CH,Cl3 - ethyl acetate (1 :
1) elution. IR (11a): 1760, 1690 (CO), 1202 cm-! (COC). Elemental analysis calcd for Cg2HagNgOg: C, 74.09;
H, 4.81; N, 836. Found: C 74.13; H, 4.96; N, 8.19. UV-vis (Amax(loge) in CH3Cl3) (11a): 422 (5.80), 515
(4.35), 547 (3.64), 589 (3.81), 644 (3.07). HNMR (in CDCl3) (11a); 5 -2.44 (bs, 2H, NH); 1.26 (s, 6H,
CH3CO0), 3.51 (s, 6H, OCH3); 442 (d, 2H, -CH37-); 447 (d, 2H, -CH»-); 6.84 (s, 2H, NHCO); 6.81 (d, 2H,
naphthyl-8-H); 7.02 (t 2H, naphthyl-7-H); 7.38 (t, 2H, naphthyl-6-H); 7.58 (d 2H, naphthyl—3—H)' 8.08 (d,

ﬂ :
‘g
]
L:J '
L‘
Uﬂ
e
7]

o
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P

r

-
- L
-
-
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s, 1H, NHCO) 6.82 (d 2H, naphthyl-S -H); 7.01(t, 2H naphthyl-7-H); 7.39 (t 2H,
naphthyl-6-H); 7.59 (d, 2H, naphthyl-3-H); 8.09 (d, 2H, naphthyl-5-H); 8.33 (d, 2H, naphthyl-4-H); 7.44 (t,
1H, phenyl-5-H); 7.46 (t, 1H, phenyl-5-H); 7.77 (t, 2H, phenyl-4-H); 7.97 (d, 1H, phenyl-6-H); 7.99 (d, 1H,
phenyl-6-H); 8.60 (d, 1H, phenyl-3-H); 8.62 (d, 1H, phenyl-3-H); 8.68 (bs, 8H, pyrrole-g-H). (11c¢): 6 -2.46
(bs, 2H, NH); 1.23 (s, 6H, CH3CO); 3.51 (s, 3H, OCH3); 3.54 (s, 3H, OCH3); 4.43 (d, 2H, -CH3-); 4.45 (d,
2H, -CH3z-); 6.79 (s, 2H, NHCO); 6.76 (d, 1H, naphthyl-8-H); 6.85 (d, 1H, naphthyl-8-H); 6.99 (t, 1H,
naphthyl-7-H); 7.05 (t, 1H, naphthyl-7-H); 7.38 (t, 2H, naphthyl-6-H); 8.09 (d, 2H, naphthyl-5-H); 8.33 (d,

2H nan vicA - 746 (t 2H nhenvl . S.HY- 7804 9 nanhthyl 2.\ 777t ) nhonul A - N2 (A
. uuluu ALYLITNTLR)y U\ by Ldd, PUCMYITITIR), 1.57 \ Uy L4008, HAPNUIYISO=11), /7.7 1 (4 &0, PLHUILYISI1 ), G.UJ (4L,
MT hnwme:] £ IN, QO £N A ALY cibiniael 2 IT. O £O 7L, OTT __..___.1. n IT\ Ve I % )Y Y AA . ATIT ATIY\. 1 M A
LI1, pHCiiyl-u-ri), oO.VU U, LI1, Pil lyl'J‘n}, 0.0 {U>, Or1, P)l OIC~p-11). (11Q). 0 -L.94 (DN, 2411, INI'1), L1.49
(s, 6H, CH3C0); 3.50 (s, 6H, OCH3); 4.42 (s, 4H, -CH>-); 6.80 (s, 2H, NHCO); 6.84 (d, 2H, naphthyi-8-H);

t, 2H, naphthyl-7-H); 7.38 (t 2H, naphthyl-6-H); 7.60 (d, 2H, naphthyl-3-H); 8.08 (d, 2H, naphthyl-5-
H), 8.33 (d, 2H, naphthyl-4-H); 7.45 (t, 2H, phenyl-5-H); 7.77 (t, 2H, phenyl-4-H); 8.04 (d, 2H, phenyl-6-H);
8.61 (d, 2H, phenyl-3-H); 8.68 (bs, 8H, pyrrole-g-H). (11le): 4 -2.44 (bs, 2H, NH); 1.07 (s, 6H, CH3CO),
3.34 (s, 6H, OCH3); 4.46 (s, 4H, -CH»-); 6.77 (s, 2H, NHCO); 6.86 (d, 2H, naphthyl-8-H); 7.02 (t, 2H,
naphthyl-7-H); 7.38 (t, 2H, naphthyl-6-H); 7.61 (d, 2H, naphthyl-3-H); 8.08 (d, 2H, naphthyl-5-H); 8.32 (d,
2H, naphthyl-4-H); 7.45 (t, 2H, phenyl-5-H); 7.75 (t, 2H, phenyl-4-H); 8.08 (d, 2H, phenyl-6-H); 8.53 (d,
2H, phenyl-3-H); 8.70 (bs, 8H,
Conversion of 5,15-di(2-nitrophenyl)-10,20-di-1-(2-methoxynaphthyl)porphyrin (8) to 5,15-
di(2-acetylaminophenyl)-10,20-di-1-(2-methoxynaphthyl)porphyrin (6). To a warm dioxane
solution (15 mL) of 5,15-bis-(2-nitrophenyl)-10,20-bis-1-(2-methoxynaphthyl)porphyrin (8) (1.69 g, 1.95
mmol) and SnCl292H70 (4 g, 17.7 mmol) was dropwisely added conc. HCI solution (38 mL). After stirring for
15 hr at room temperature, water was added. The precipitates was filtered, washed with aqueous NH3 and
water, and extracted into CH2Cly. The solution was dried over anhydrous NasSO4, condensed with a rotary
evaporator, and passed through a short silica gel column. The fractions eluated with CH2Cl; - acetone (50 1)

Sp R EE, G5 e

were collected. evaporated, and dried under vacuum. Acetic anhvdride (10 mL \ was added to the porphvrin
, , vacuum. Acetic anhyd (1 added to the porphy

- J‘.._,_I Al i AT L Q waT Aftne afirsime Frer AQ e at smmnt fanmama v LT el ) vwag addad

mixture dissolved in Lruig (40 ML), ALIKT SUIig 101 40 111 4t 100N el lpcuuuu: water LIVV Il wad auutia

and stirring was continued for additional 1 hr. The reaction mixture was neutralized with aqueous ammonia and
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the organic layer was separated, washed with water, and dried over NazSO4. Chromatography on silica gel with
CH2Cly afforded 140 g (1 5 '“""") of 5,15-di(2-acetylaminophenyl)-10,20-di-1-(2-methoxynaphthyl)-

5,15-Diu(2-acetylaminophenyl)-10,20-di-1-(2-hydroxynaphthyl)porphyrin (14). To a mixture of
5,15-di(2-acetylaminophenyl)-10,20-di-1-(2-methoxynaphthyl)porphyrin (6) (100 mg, 0.12 mmol) and
ethanethiol (0.47 mL) in CH2Cl; (50 mL) was added BBr3 (0.19 mL) at -78 °C. The temperature was gradually
raised to room temperature in 5 hr and the reaction mixture was stirred at room temperature for 12 hr. The
precipitate formed by the addition of hexanes was filtered and washed with agueous ammonia and then with
water. The porphyrin was dissolved in a mixture of CH2Cl3 - MeOH and dried over anhydrous Na3SQO4. The

porphyrin solution was evaporated and chromatographed on a preparative TLC using CHCI3 - acetone (10 1) as
an cluent. Five fractions, (14¢), (14a), (14d), (14b), and (14e), were separated and recrystallized from
P T ) S R Py A T Sy (\ 1L A ¥ ) 11 07 el 1 ; -

vrguig - hexanes to glVC s 13, L4, 14, 11 %o ylelﬂ, respectively. Each auopxsomer 1s converted into a

monoprotonated form by the treatment with CF3CO2H and analyzed by a reverse phase HPLC. Elution volumes
for these atropisomers (column: 6 x 150 mm ODS (Cosmosil SC18-AR); eluent: MeOH / H20 (5 : 1); detection:
UV at 400 nm) are 7.4, 9.8, 14.6, 17.6, 24.8 mL. IR (14c¢): 1670 cm! (CO). Elemental analysis caled for
Cs6HaoNgO4: C, 78.12; H, 4.68; N, 9.76. Found: C 78.48; H, 4.41; N, 9.66. UV-vis (Agax(loge) in CH,Clp)
(14c): 422 (5.23), 515 (4.29), 548 (3.65), 589 (3.81), 645(3.23). 'H NMR (in CDCl3) (14¢): 5 -2.50 (bs,
2H, NH); 1.20 (s, 6H, CH3CO); 5.20 (bs, 2H, OH); 6.69 (s, 2H, NHCO); 6.73 (d, 2H, naphthyl-8-H); 6.97
(t, 2H, naphthyl-7-H); 7.35 (t, 2H, naphthyl-6-H); 7.54 (d, 2H, naphthyl-3-H); 8.06 (d, 2H, naphthyl-5-H);

L1 0; UMAJIILILY 2375 &5 L2235 LA

8.23 (d, 2H, naphthyl-4-H); 7.88 (d, 2H, phenyl-6-H); 7.42 (t, 2H, phenyl-5-H); 7.73 (t, 2H. phenyl-4-H);

8.49 (d, 2H, phenyl-3-H); 8.65, 8.70 (dx2, 4Hx2, pyrrole-g- ﬁ). (14a) as a diprotonated form in the presence

of excess TFA (25 fold molar excess): 6 -0.21 (bs, 3H, NH); 1.39 (s, 6H, CH3C0); 7.53 (s, 2ZH, NHCO); 7.11
(d, 2H, naphthyl-8-H); 7.23 (t, 2H, naphthyl-7-H); 7.50 (t, 2H, naphthyl-6-H); 7.59 (d, 2H, naphthyl-3-H);
8.16 (d, 2H, naphthyl-5-H); 8.35 (d, 2H, naphthyl-4-H); 8.27 (d, 2H, phenyl-6-H); 7.78 (t, 2H, phenyl-5-H);
7.96 (t, 2H, phenyl-4-H); 8.44 (d, 2H, phenyl-3-H); 8.70 (s, 8H, pyrrole-p-H). (14d): 4 -2.50 (bs, 2H, NH);
1.21 (s, 6H, CH3CO); 5.24 (bs, 2H, OH); 6.72 (s, 2H, NHCO); 6.70, 6.80 (dx2, 1Hx2, naphthyl-8-H); 6.81,
6.96 (1x2, 1Hx2, naphthyl-7-H); 7.37 (t, 2H, naphthyl-6-H); 7.55 (d, 2H, naphthyl-3-H); 8.08 (d, 2H,
naphthyl-5-H); 8.24 (d, 2H, naphthyl-4-H); 7.90 (d, 2H, phenyl-6-H); 7.45 (t, 2H, phenyl-5-H); 7.75 (t, 2H,

2H 2H, ol 1) 1,
phenyl-4-H); .51 (d, 2H, phenyl-3-H); 866, 8.71 (dx2, 4Hx2, pymole-g-H). (14b): 5-2.50 (bs, 2H, NH);

— . o~ ALY NI £ 71 7. ALY WLIMM. £ 770 71 ALY .. ..Liél.;1 O LT\, "1n1
1.21, 1.23 (sx2, 3Hx2, CHzCO); 5.14 (bs, 2H, Onyj;, 6.71 (8, 2n, NalCO); 6./79 (4@, 20, napntnyi-s-r1); /.01

(t, 2H, naphthyl-7-H); 7.38 (t, 2H, naphthyl-6-H); 7.55 (d, 2H, naphthyl-3-H); 8.09 (d, 2H, naphthyl-5-H);

8.25 (d, 2H, naphthyl-4-H); 7.89 (d, 2H, phenyl-6-H); 7.44 (1, 2H, phenyl-5-H); 7.75 (1, 2H, phenyl-4-H);

8.51, 8.55 (dx2, 1Hx2, phenyl-3-H); 8.66, 8.71 (dx2, 4Hx2, pyrrole-p-H). (14e): 5 -2.52 (bs, 2H, NH); 1.22

(s, 6H, CH3CO); 5.24 (bs, 2H, OH); 6.74 (s, 2H, NHCO); 6.80 (d, 2H, naphthyi-8-H); 7.03 (t, 2H, naphthyl-

7-H); 7.38 (t, 2H, naphthyl-6-H); 7.57 (d, 2H, naphthyl-3-H); 8.09 (d, 2H, naphthyl-5-H); 8.27 (d, 2H,

naphthyl-4-H); 7.91 (d, 2H, phenyl-6-H); 7.46 (t, 2H, phenyl-5-H); 7.78 (t, 2H, phenyl-4-H); 8.53 (d, 2H,
phenyl-3-H); 8.69, 8.74 (dx2, 4Hx2, nv_rrole g-H).

>
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dry acetone (4 mL) were heated to reflux for 12 hr with stirring. The reaction mixture was filtered and the

porphyrin product was extracted into CH2Cl;. Column chromatography on silica gel with CHClp or with
CHAFI - aratane (10) - affnrded KA ﬁq anrl A8 O, viald ~f €l ¢ N\ and (£a) reonartivaly
AL YA EAACATRIS | AN . 1} cuxuxuw Ny, RANE U S Jl\fl\l i \vv}, \\'“l, LI \“C}, l\aDtl\.r\zI.lV\«l

Determination of the binding constanis between anthraquinone and the porphyrins, (I14a) and
(I4c). Anthraquinone was added to a CHCI3 solution of (14a) or (14¢) (1.0 x 10 mol / L) at 26 °C. The
intensity of the Q-band at 514 nm in the UV-vis spectrum decreased with increasing concentration of
anthraquinone (Cx = 0, 5.0 x 104, 1.0 x 10-3,2.0 x 103, 5.0 x 103, 1.0 x 10-2, and 2.0 x 102 mol / L). The
binding constants (Keq) were calculated on the basis of a reciprocal plot of the absorbance change (1/(A¢-Ax)) at

514 nm against the anthraquinone concentrations (1/Cx) under Benesi-Hildebrand conditions. 14
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