
研究论文  

Article  

 
 * E-mail: jianzhuang@ustb.edu.cn; nagaok@m.tohoku.ac.jp; Fax: (0086)-010-62332462. 

Received May 31, 2012; published July 18, 2012. 
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn. 
Project supported by the National Natural Science Foundation of China, the National Ministry of Science and Technology of China (No. 2012CB224801), 
Fundamental Research Funds for the Central universities of Ministry of Education of China, Beijing Municipal Commission of Education, Grant-in-Aid for 
Scientific Research on Innovative areas (No. 20108007, “pi-Space”), Scientific Research (B) (No. 23350095).  
项目受国家自然科学基金(No. 2012CB224801)、教育部重点学校基础研究基金、北京市教育委员会和日本教育部科学创新基金(No. 20108007)及科学

研究基金(B)(No. 23350095)的资助. 
 
  

Acta Chim. Sinica 2012, 70, 1791—1797 © 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn   1791 

化 学 学 报 
 ACTA CHIMICA SINICA 

 

手性酞菁的合成及其绝对构型 
王康 a    王海龙 a    约翰•马克 b    李文军 a 

小林长夫*,b    姜建壮*,a 
(a北京科技大学化学与生物工程学院  功能分子与晶态材料科学与应用北京市重点实验室  北京 100083) 

(b日本东北大学理学院化学系  仙台 980-8578) 

摘要  在锂存在的条件下在正戊醇中回流环化四聚相应的光学活性的前驱体联二萘[2,1-e:1',2'-g][1,4]二羟基-5,6-邻苯

二氰, 然后用醋酸酸化处理, 合成了一对对映的四个联二萘酚基团取代的手性自由酞菁四(联二萘[1,2-e:1',2'-g]-1,4-二
羟基)[2,3-b;2',3'-k;2'',3''-t;2''',3'''-c']酞菁(1), 并利用一系列的光谱学方法以及元素分析表征了这种新型的手性酞菁化合

物. 单晶 X 衍射分析确定了两种对映体的绝对构型, 从而阐明了自由酞菁(1)的手性分配. 
关键词  酞菁; 手性; 光学活性; 绝对构型; 单晶 X 衍射分析 

 

Chiral Phthalocyanine with Unambiguous Absolute Molecular Structures for 
Both Enantiomers 

Wang, Kanga    Wang, Hailonga    Mack, Johnb    Li, Wenjuna 
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(a Beijing Key Laboratory for Science and Application of Functional Molecular and Crystalline Materials, Department of 
Chemistry, University of Science and Technology Beijing, Beijing 100083, China) 
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Abstract  (R)- and (S)-Enantiomers of chiral metal free tetrakis(dinaphtho[1,2-e:1',2'-g]-1,4-dioxocine)-[2,3-b;2',3'-k;2'',3''-t; 
2''',3'''-c']phthalocyanine (1) were synthesized via a cyclic tetramerization of the corresponding optically active 
benzo[b]dinaphtho[2,1-e:1',2'-g][1,4]dioxocine-5,6-dicarbonitrile (2) in refluxing n-pentanol in the presence of lithium fol-
lowed by treatment with acetic acid. This novel chiral phthalocyanine compound has been characterized by a series of spec-
troscopic methods in addition to elemental analysis. The absolute molecular structures of both enantiomers have been unam-
biguously elucidated by single crystal X-ray diffraction analysis, resulting in the direct assignment of the chirality of metal 
free phthalocyanine 1. 
Keywords  phthalocyanine; chiral; optically active; absolute molecular structure; single crystal X-ray diffraction analysis 

   
1  Introduction 

In close association with the significance of chiral por-
phyrin derivatives like cytochrome P-450 and chlorophylls 
for life science, chiral porphyrinoids have been extensively 
studied for more than five decades.[1] Chiral phthalocya-
nines, the most important synthetic analogues of por-
phyrins, have potential applications in various fields in-
cluding chiral recognition,[2] chiral memory,[3] and asym-
metric catalysis.[4] Alkoxyl and thioalkyl substituents with 
chiral carbon atoms were first introduced onto the 
phthalocyanine periphery as far back as 1988.[5] Despite 
the absence of significant circular dichroism (CD) intensity 
across much of the typical electronic absorption range for 

phthalocyanines, introducing these chiral substituents onto 
the ligand periphery has become one of the most widely 
used approaches for preparing chiral phthalocyanines.[6] In 
1990s, a number of optically active phthalocyanines were 
prepared by incorporating binaphthyl units at the periph-
eral or nonperipheral positions of the fused benzene 
rings.[7] Optically active mixed (phthalocyaninato)-   
(porphyrinato) rare earth double-decker complexes have 
also been prepared by this group, by incorporating one of 
these chiral phthalocyanine ligands.[8] Optically activity 
has even been successfully induced into 
bis(phthalocyaninato) rare earth double-decker complexes 
using this approach.[9] During a systematic study of a series 
of racemic mixtures of chiral heteroleptic (phthalocya-
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nine*)(tetrapyrrole) rare earth double-decker complexes 
(where phthalocyanine* represents the Cs isomer),[10] we 
reported the optical resolution of a mixed (phthalocyani-
nato)(porphyrinato) rare earth double-decker complexes.[11] 
However, there still lacks straightforward elucidation on 
the relationship between the absolute molecular structure 
and chirality for the optically active phthalocyanine de-
rivatives owing to the incomplete separation and/or struc-
tural characterization of corresponding enantiomers despite 
the in depth theoretical treatment based on the observed 
CD signal in the Q and Soret band regions. 

In this paper, we describe the synthesis and characteriza-
tion of a novel chiral metal free tetrakis(dinaphtho- 
[1,2-e:1',2'-g]-1,4-dioxocine)[2,3-b;2',3'-k;2'',3''-t;2''',3'''-c'] 
phthalocyanine (1), Scheme 1. The structures of both (R)-1 
and (S)-1 have been characterized by single crystal X-ray 
diffraction analysis and this enables the straightforward 
and unambiguous elucidation of the chirality of optically 
active phthalocyanine compound. 

2  Results and discussion 
2.1  Synthesis and characterization 

The chiral benzo[b]dinaphtho[2,1-e:1',2'-g][1,4] dioxo-
cine-5,6-dicarbonitrile (2) precursors were prepared by a 
simple one-step procedure from 4,5-dichlorophthalonitrile 
and (R)/(S)-1,1'-binaphthyl-2,2'-diol with K2CO3 in DMF, 

Scheme 1. The (R)- and (S)-enantiomers of 1 were then 
prepared and isolated in relatively good yield based on a 
cyclic tetramerization of (R)- and (S)-2, respectively, in 
refluxing n-pentanol in the presence of lithium followed by 
treatment with acetic acid.  

Satisfactory elemental analysis results were obtained for 
both enantiomers and further characterization was carried 
out by MALDI-TOF mass, NMR, electronic absorption, 
and IR spectroscopy. The MALDI-TOF mass spectra of 
(R)-1 and (S)-1 contains intense signals for the molecular 
ion [M＋3H]＋ and a dimeric ion [2M＋4H]＋. The isotopic 
patterns closely match the simulated ones, Figure S1 
(Supporting Information). The NMR spectra and single 
crystal X-ray diffraction analyses are consistent with this 
result. 

As would normally be expected, the two enantiomers 
have identical NMR, electronic absorption, and IR spec-
troscopic spectra. Only the data for the (R)-1 are, therefore, 
discussed. Figure 1(a) shows the 1H NMR spectrum of 1 
recorded in CDCl3 at a concentration of ca. 2.0×10－3 
mol/L. This appears somewhat surprising at the first glance 
due to the presence of two Pc α proton singlet signals at δ 
9.29 and 7.84, despite the D2 molecular symmetry. A simi-
lar pattern is also observed for each of the six protons of 
peripherally linked binaphthyl substituents, Table 1. How-
ever, this phenomenon could be easily rationalized based 
on the formation of a pseudo double-decker supramolecu-  
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Scheme 1  Synthesis of (R)- and (S)-enantiomers of metal free phthalocyanine 1 



  
化 学 学 报 研究论文  

  
 
Acta Chim. Sinica 2012, 70, 1791—1797 © 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn    1793 

Table 1  1H NMR data (δ) for 1 recorded in CDCl3 with the concentration of ca. 2.0×10－3 mol/L at 20 ℃ 

Pc Hα Ha Hb Hc Hd He Hf NH 

9.29 (s, 4H) 

7.84 (s, 4H) 

8.62 (d, 4H) 

7.71 (d, 4H) 

8.48 (d, 4H) 

6.86 (d, 4H) 

7.33 (d, 4H)

7.10 (d, 4H)

7.50 (m, 4H)a

6.97 (t, 4H) 

7.45 (m, 4H)a 

7.22 (4H)b 

7.97 (d, 4H) 

7.87 (d, 4H) 
－4.25 (s, 2H) 

a These signals overlap with each other. b This signal is overlapped by the strong bands of CHCl3. 

lar structure with the C2 symmetry due to molecular ag-
gregation. Actually similar NMR spectroscopic feature was 
observed in the 1H NMR spectrum of a bis(phthalocyani-
nato) yttrium compound with a C4 symmetry dou-
ble-decker structure.[12] Nevertheless, the pseudo dou-
ble-decker supramolecular structure with C2 symmetry 
formed by two phthalocyanine molecules of 1 in CHCl3 at 
relatively high concentration depending on π-π interaction 
is supported by single crystal X-ray diffraction analysis 
result as detailed below. As shown in Figure 1 and Table 1, 
the four doublets at δ 8.62, 8.48, 7.71 and 6.86, which are 
correlated with each other in the 1H-1H COSY spectrum, 
Figure 1(b), are assigned to the four protons in the benzene 
rings close to the Pc π-system, while the two sets of signals 
at δ 7.96, 7.22, 7.10, 6.97 and δ 7.87, 7.45—7.51, 7.33 are 
assigned to the protons on the outer set of benzene rings. 
Actually, along with decreasing the concentration of this 
compound in CDCl3 to 2.0×10－4 mol/L, new proton sig-
nals due to the monomeric species could be observed. As 
can be seen in Figure S2 (Supporting Information), the 
singlet signal appearing at δ 9.44 is assigned to the Pc α 
proton of the monomeric species of 1, while the signals for 
the protons in the naphthalene are overlapped with those of 
dimeric species of the same compound in the range of δ  
7.0—8.2. According to the integral of the singlet signal at δ 
9.44 for the monomer (M) and the one at δ 9.29 for the 
dimer (D) species, the equilibrium constant, KD, for 
dimerization Eq. (1) can then be derived by the Equations 
(a—c) as detailed below. 

D2M D
K          (1) 

IM/ID＝[M]/[D]  (a) 

Ct＝[M]＋2[D]  (b) 

KD＝[D]/[M]2  (c) 

where IM and ID denote the integral of the singlet signal at 
δ 9.44 for the monomer and the singlet signal at δ 9.29 for 
the dimer, respectively, measured by quantitative 1H NMR 
method,[13] Ct is the total concentration of 1. As summa-
rized in Table S1 (Supporting Information), the equilibrium 
constant KD, 1.1×104, was obtained at 20 ℃ for this 
compound in CHCl3. 

Vibrational spectroscopy has proven to be a useful and 
versatile technique for studying the intrinsic properties of 
phthalocyanine compounds. The IR spectrum of 1, Figure 
S3 (Supporting Information), is dominated by bands that 
are associated with the central aromatic Pc macrocycle, 
such as the wagging and torsion vibrations of C—H 
groups, and the isoindole and C＝N aza group stretching 
vibrations.[14] The weak peak observed at 3296 cm－1 is 
obviously due to the asymmetrical isoindole N—H  

 
Figure 1  1H NMR (a) and 1H-1H COSY (b) spectra of 1 recorded in 
CDCl3 at a concentration of ca. 2.0×10－3 mol/L. * denotes a solvent 
impurity 

stretching vibration.[15] Nevertheless, the observation of 
peaks at 3053, 2916 and 2851 cm－1 was unexpected and 
can be attributed to the asymmetric and symmetric C—H 
stretching vibrations of alkyl groups due to solvated 
n-hexane and chloroform molecules contained in the crys-
talline samples as detailed below. 
2.2  Structural studies 

Single crystals of (R)-1 and (S)-1 suitable for X-ray 
analysis were obtained by slow diffusion of n-hexane into 
CHCl3 solutions. This enables unambiguous example of a 
single crystal X-ray analysis of an optically active 
phthalocyanine derivative. Both enantiomers crystallize in 
the orthorhombic system with a P212121 space group with 
eight phthalocyanine molecules per unit cell as well as 
eight solvated n-hexane and thirty six solvated chloroform 
molecules. The crystal data are summarized in Table S2 
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(Supporting Information). As shown in Figure 2, the two 
metal free phthalocyanine molecules of (R)-1 are bound to 
each other, forming a pseudo-double-decker structure. This 
also holds true for (S)-1. The average twist angle, defined 
as the rotation angle of one macrocycle away from a fully 
eclipsed conformation, was found to be about 24°. The 
ring-to-ring separation of these two virtually parallel 
N(isoindole)4 mean planes of phthalocyanine ring is 3.28 
Å. This value is comparable to that observed in sand-
wich-type bis(phthalocyaninato) lanthanum complex 
La(Pc)2, 3.20 Å.[16] This demonstrates that there is an in-
tense π-π interaction between the two phthalocyanine 
rings. Neither a plane nor centre of symmetry could be 
found in either of the rings, Figure 2(a), confirming the 
chiral nature of the structure. 

 

Figure 2  Molecular structure of 1 (a) and pseudo-double-decker struc-
ture in crystal of 1 in side view (b) and top view (c) with hydrogen atoms  

2.3  Electronic absorption, magnetic circular dichro-
ism, and circular dichroism 

The electronic absorption, magnetic circular dichroism 
(MCD), and CD spectra of the (R)- and (S)-enantiomers of 
1 were recorded in CHCl3. The data are summarized in 
Table S3 (Supporting Information). As can be seen in Fig-
ure 3, a 5.0×10－6 mol/L solution of 1 in CHCl3 exhibits 
the features typically observed in the electronic absorption 
spectra of metal free phthalocyanine compounds[1,15b,17] 
and this demonstrates that there is almost no aggregation at 
this concentration. The absorption of 1 in CHCl3 obeys 
Beer’s rule in the 1.0×10－6—1.0×10－5 mol/L concentra-
tion range, Figure S4 (Supporting Information) and further 
evidence for the lack of aggregation is provided by Eq. 1. 
In a spectrum recorded for a 5.0×10－6 mol/L solution in 

CHCl3, more than 95% of the sample is in the monomeric 
form. As shown in Figure 3, symmetry split Q(0,0) bands 
are observed at 666 and 703 nm with vibrational shoulders 
at 608 and 638 nm. 

Many key breakthroughs in the understanding of the 
electronic structure of the porphyrinoids have been derived 
from MCD spectroscopy.[18] Analysis of MCD spectra is 
based on the three Faraday terms, A1, B0 and C0. Since 
there are no three-fold or higher axes of symmetry, the 
MCD spectrum of 1 is completely dominated by positively 
and negatively-signed and Gaussian-shaped Faraday B0 
terms due to a complete lifting of ground and excited state 
degeneracies. In the MCD spectrum, coupled oppo-
sitely-signed B0 terms are observed at 662 and 701 nm as 
would normally be anticipated for the x- and y-polarized 
components of the Q bands. The introduction of fused 
benzene rings results in the presence of a number of addi-
tional higher energy ππ* states, which can interact with the 
B excited state through configurational interaction. In the 
region of 340—410 nm, a broad envelope of absorption is 
observed with an intensity maximum at 347 nm. Two in-
tense negatively signed Faraday B0 terms are observed at 
356 and 403 nm with a positive envelope of intensity at 
higher energy with a maximum at 329 nm in the MCD 
spectrum, Figure 3. This region can, therefore, be assigned 
to overlapping B1 and B2 bands.[19] As detailed in Figures 
S5 and S6 and Table S4 (Supporting Information), 
TD-DFT calculation revealed that the most intense bands 
predicted in both the Q and B1/B2 band regions are asso-
ciated primarily with the four frontier π-MOs derived from 
the parent hydrocarbon perimeter. Weak tails of absorbance 
which lie between the Q and B1/B2 regions have been at-
tributed to n→π* transitions associated with the lone pairs 
of electrons on the oxygen and sulfur atoms in the context 
of alkoxyl- and thioalkyl-substituted Pcs.[20-22] In the con-
text of 1, however, transitions out of high lying occupied 
MOs which are associated with the binaphthyl moieties, 
Figure S6 (Supporting Information), may be a more sig-
nificant factor in the intensity to the red of the B1 and B2 
bands between 450—500 nm.  

As would normally be anticipated, near perfect mirror 
image symmetry is observed in the CD spectra of the (R)- 
and (S)- enantiomers, Figures 3 and S7 (Supporting Infor-
mation). Significant CD intensity can be induced in transi-
tions associated with the achiral Pc chromophore when 
optically active substituents are introduced at the ligand 
periphery. Analyses of the induced circular dichroism 
(ICD) of binaphthyl-linked Pcs were carried out previously 
based on a consideration of the Kuhn-Kirkwood coupled 
oscillator and “CD stealing” mechanisms for A and B tran-
sitions which are symmetric and antisymmetric with re-
spect to the two-fold axes running through the central 
bridge of the binaphthyl substituents.[7d,18] It has been dem-
onstrated that the average dihedral angle α of the 
binaphthyl substituents of the (R)- and (S)-enantiomers 
(which is 66.1°±0.1° in the context of the B3LYP geome-
try optimizations and 65.8°±6.8° in the context of the 
X-ray structures for 1) and the average angle θ formed 
between the axis of polarization of the Bb transition of the 
substituents and the Pc plane of the (R)- and 
(S)-enantiomers (which is 61.8°±0.1° in the context of the 
B3LYP geometry optimizations and 59.8°±4.1° in the 
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context of the X-ray structures for 1) play the key role in 
determining the signs of the CD signals, see Supporting 
Information, and that the ratio between the rotatory 
strengths of the symmetrical and antisymmetrical compo-
nents (RA and RB) for the Q bands of the (R)-enantiomer is 
dependent on easily derived geometrical parameters: 

RA＝2ρr12sinα  (2) 

RB＝ρ(－2R12sin2(α/2)sin2θ＋r12sinαsin2θ) (3) 

where ρ is a readily calculated constant,[7d] and r12 and R12 
denote the distance between the naphthalene rings as cal-
culated based on the centers of the fused benzene rings and 
between the centers of gravity of the Pc and binaphthyl 
chromophores, respectively. As was the case previously 
with TNpPcMg,[7d] the positive RA value in the context of 
the (R)-enantiomer, which is related to the “CD stealing” 
intensity mechanism, is predicted to be significantly larger 
than the negative RB value, which has contributions from 
both of the ICD intensity mechanisms, Table S5 (Support-
ing Information). In particular, in the case of the (R)-1 en-
antiomer, an anticlockwise arrangement is observed for the 
dinaphthyl moieties in the crystal structure, Figure 2, and 
the sign of the CD signal is positive across almost the en-
tire 300—730 nm range, Figures 3 and S7 (Supporting 
Information). Conversely, a negative CD sign is observed 
for the (S)-1 isomer which has a clockwise binaphthyl ar-
rangement. 

 
Figure 3  Electronic absorption (bottom), MCD (center), and CD (top) 
spectra of the (R)-enantiomer of 1 in CHCl3. A dashed line is used to plot 
the CD spectrum of the (S)-enantiomer, which shows the anticipated 
mirror symmetry. 

Interestingly, in the context of the (R)-enantiomer, al-
though positive intensity would be expected for the entire 
band envelope, significant negative intensity is observed 
for a tail absorbance to the red of the Qx band. This is not 
without precedent. The CD spectra of 1,1'-biphenyls con-
tain similar changes in sign to low energy of the main 
bands, although the reasons for this have not been exam-
ined in any depth.[23] The most plausible explanation for 
this is that the flexibility of the binaphthyl substituents 
results in a wide range of different conformations in solu-
tion. As revealed by single crystal analysis, the naphtha-
lene ring moieties exhibit obvious deviation from planarity 
due to the wide range of different values for α (α＝65.8°±
6.8°) and θ (θ＝59.8°±4.1°), also in combination with the 
flexibility of the binaphthyl substituents. Although the two 
naphthalene moieties of the binaphthyl substituents are 
generally assumed to be aligned in a parallel arrangement 
during theoretical treatments,[7d] the distance between the 
8- and 8'-positions may be slightly larger than that between 
the 1- and 1'-positions when the dihedral angle between the 
two naphthalene rings is adjusted to 0°. Nevertheless, an 
interaction between the Q band and the weak short-axis- 
polarized La transition of the binaphthyl substituents, 
which lies beyond 250 nm, also cannot be completely dis-
counted as a contributing factor despite its three orders of 
magnitude weaker intensity in comparison with the intense 
long-axis-polarized Bb band lying in the region of 220—
225 nm. It is noteworthy that the La transition has no in-
trinsic chirality and therefore cannot contribute to the “CD 
stealing” mechanism. However, a minor contribution of 
ICD intensity from the Kuhn-Kirkwood coupled dipole 
model is theoretically possible. 

3  Conclusions 
In summary, a pair of enantiomers of a chiral metal free 

phthalocyanine with four peripherally attached binaphthyl 
substituents have been prepared and spectrocopically and 
structurally characterized. This represents one example of 
optically active phthalocyanine derivatives with the mo-
lecular structures of both enantiomers unambiguously elu-
cidated by X-ray single crystal analysis, which therefore 
renders it possible to clarify the chirality of optically active 
phthalocyanines based on the experimentally revealed ab-
solute molecular structures, confirming the previous as-
signments made on the basis of theoretical calculations. 

4  Experimental Section 
General Remarks: n-Pentanol was distilled from sodium. 

Column chromatography was carried out on silica gel 
(Merck, Kieselgel 60, 70—230 mesh) with the indicated 
eluents. Optically pure (R)- and (S)-2,2'-dihydroxy-1,1'- 
binaphthyl were obtained from Aldrich. All other reagents 
and solvents were used as received. 4,5-Dichlorophtha-
lonitrile was prepared according to the published proce-
dure.[24] 

1H NMR spectra were recorded on a Bruker DPX 400 
spectrometer in CDCl3. Spectra were referenced internally 
using the residual solvent resonances (δ 7.26 for 1H NMR) 
relative to SiMe4. Electronic absorption spectra were re-
corded on a Hitachi U-4100 spectrophotometer. IR spectra 
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were recorded as KBr pellets using a Bruker Tensor 37 
spectrometer with 2 cm－1 resolution. MALDI-TOF mass 
spectra were taken on a Bruker BIFLEX III ultrahigh 
resolution Fourier transform ion cyclotron resonance 
(FT-ICR) mass spectrometer with alpha-cyano-4-hydroxy- 
cinnamic acid as matrix. Elemental analyses were per-
formed on an Elementar Vavio El III. Circular dichroism 
(CD) and magnetic circular dichroism (MCD) spectra were 
recorded using a Jasco J-725 spectrodichrometer and a 
Jasco electromagnet that produces a magnetic field of up to 
1.09 T. Crystal data for (R)- and (S)-1 were determined by 
X-ray diffraction analysis at 120 K using Oxford Diffrac-
tion Gemini E system with CuKα radiation λ＝1.5418 Å, 
and details of the structure refinement are given in Table 
S2 (Supporting Information). CCDC-866210 and CCDC- 
866211 containing the supplementary crystallographic data 
for this paper can be obtained free of charge from the 
Cambridge Crystallographic Data Centre via 
www.ccdc.cam.ac.uk/data_request/cif. The structures of 
the (R)- and (S)-enantiomers of 1 were optimized by using 
the B3LYP functional of the G03W software package[25] 
with 3-21G* basis sets. TD-DFT calculations were then 
carried out in a similar manner. 

(R)- and (S)-benzo[b]dinaphtho[2,1-e:1',2'-g][1,4]- 
dioxocine-5,6-dicarbonitrile (2)  A mixture of 
(R)/(S)-2,2'-dihydroxy-1,1'-binaphthyl (2.86 g, 10.0 mmol), 
4,5-dichlorophthalonitrile (1.97 g, 10.0 mmol), and dry 
potassium carbonate (4.14 g, 30.0 mmol) in dry DMF (30 
mL) was stirred at 80 ℃ for 6 h under nitrogen. Then the 
reaction mixture was poured onto water (150 mL) and ex-
tracted with CHCl3 (40 mL×5). The combined organic 
solution was then washed with water (100 mL×2) and 
dried with Na2SO4. After evaporating the solvent, the resi-
due was chromatographed on a silica gel column with 
CH2Cl2/light petroleum (V∶V＝1∶1) as eluent. Evapora-
tion of the solvent followed by recrystallization from 
CHCl3 and MeOH gave 3.50 g (85%) of white microcrys-
tals of the desired nitrile (R)/(S)-2. 1H NMR (400 MHz, 
CDCl3) δ: 8.36 (d, J＝8.8 Hz, 2H), 7.98 (d, J＝8.4 Hz, 
2H), 7.71 (s, 2H), 7.56—7.50 (m, 4H), 7.44—7.39 (m, 
4H); 13C NMR (100 MHz, CDCl3) δ: 152.4, 149.4, 132.1, 
132.0, 131.4, 128.5, 128.3, 127.4, 126.6, 126.3, 125.1, 
120.3, 114.6, 112.2. 

(R)- and (S)-tetrakis(dinaphtho[1,2-e:1',2'-g]-1,4- 
(dioxocine)[2,3-b;2',3'-k;2'',3''-t;2''',3'''-c']phthalo- 
cyanine (1)  A mixture of (R)/(S)-2 (82.0 mg, 0.200 
mmol) and lithium (3.0 mg, 0.42 mmol) in n-pentanol (4 
mL) was heated to reflux under nitrogen for 2 h. After be-
ing cooled to room temperature, the resulting green solu-
tion was poured into methanol (100 mL) containing 2 mL 
of CH3COOH. The precipitate was collected by filtration 
and chromatographed on a silica gel column using CHCl3 
as eluent. Repeated chromatography followed by recrystal-
lization from CHCl3 and n-hexane gave 1 as a green 
crystalline powder (32.0 mg, 40%). 1H NMR (400 MHz, 
CDCl3) δ: 9.29 (s, 4H), 8.62 (d, J＝8.0 Hz, 4H), 8.48 (d,  
J＝8.0 Hz, 4H), 7.97 (d, J＝8.0 Hz, 4H), 7.87 (d, J＝8.0 
Hz, 4H), 7.84 (s, 4H), 7.71 (d, J＝8.0 Hz, 4H), 7.39—7.60 
(m, 8H), 7.30—7.49 (m, 4H), 7.12—7.30 (m, 4H), 7.10 (d, 
J＝4.0 Hz, 4H), 6.90—7.00 (m, 4H), 6.86 (d, J＝8.0 Hz, 
4H), －4.25 (s, 2H); 13C NMR (100 MHz, CDCl3) δ: 
151.7, 151.3, 132.0, 131.3, 130.9, 129.9, 128.3, 127.2, 

126.6, 126.3, 125.2, 121.5, 121.3, 116.0, 115.4. MS: Calcd. 
for C112H58N8O8 [M＋3H]＋ 1645.5; found m/z: 1645.1. 
Anal. calcd for (R)-C112H58N8O8•2CH3OH: C 80.17, H 
3.89, N 6.56; found C 80.56, H 3.86, N 6.27 and for 
(S)-C112H58N8O8•2CHCl3•3CH3OH•3H2O: C 69.23, H 
3.72, N 5.52; found C 69.32, H 3.72, N 5.53. 
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