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Abstract 

      The diacetylene-group connected chromatic system of 

[octaethylporphyrin]-[spacer]-[Lewis base] triads (OEP-SPC- 

LB) was conclusively studied, in which a trigger-like inter- 

action of the terminal LB with trifluoroacetic acid (TFA) 

dramatically affects the inherent electronic properties of OEP. 

The 1H NMR, IR, and electronic absorption spectral properties 

of these OEP derivatives were examined, and were 

contemplated in view of a cooperative effect of SPC and LB on 

their OEP nucleus. Based on the results from this study, the 

structural elements for molecular design will be proposed in 

order to improve their reversible spectral changes between 

neutral and acidic media in terms of sensitivity, stability, and 

visibility to TFA. 

 

 

1. Introduction 

   Porphyrin nucleus is a natural pigment of particularly great 

interests in not only photo-sensitized reactions1 but also in 

redox respiratory system,2 duly to possess its high sensitivity to 

the trigger-like stimuli such as light and oxygen, swiftly to 

transform itself to a meta-stable state in response to those 

stimuli, and readily to recover its original state by release from 

those outside stimuli. In those sequential reversible processes 

between these transitory states, chemically oxidative-reductive 

reactions are smoothly performed in the living bodies regularly 

and repeatedly. Modeling on such a sustainable mechanism 

taken in the natural world, in recent years, the artificially 

functional porphyrin-based materials of various types sensitive 

to pH,3 metal-ions,4 temperature,5 light,1, 6 and so forth, have 

been vastly demonstrated, by connecting those electronic and 

structural properties with particular spectral changes at each 

state. In relation with such drastic development of organic 

functional materials science, we have been also engaged in the 

study of various unique octaethylporphyrin (OEP) derivatives, 

aiming at the highly performable system especially sensing to 

organic acids and/or to electrochemical operations.7 

   Our original OEP chromatic system in the present study 

carries Lewis base (LB) at one terminal position in the 

!-electronic conjugation chain and dihexyl-2,2’-bithiophene 

(DHBTh) as a spacer (SPC) in its middle position (Chart 1), 

described as OEP-DHBTh-LB, in which all the three 

components are combined with a skeletally rigid but 

!-electronically mobile linkage of 1,3-butadiyne (diacetylene) 

(Chart 2).8 A whole molecular planarity in its !-electronic 

conjugation system is readily adjusted by an orientation of the 

two 3-hexylthiophene (3HTh) rings in DHBTh; head-to-head 

(HH) or head-to-tail (HT) or tail-to-tail (TT).9 Yet, since the 

three OEP, DHBTh, and LB components are connected with 

the diacetylene linkage, the skeletal features such as 

conformation and geometry are almost the same in each 

DHBTh set of derivatives, regardless of LB, due to no steric 

hindrance between them (wide infra). Therefore, the 

OEP-DHBTh-LB system would be placed in a well-defined 

structural system, suitable for analysis and evaluation of the 

effect from each component DHBTh or LB on the 

spectrum-property relationships of these OEP derivatives 

between neutral and acidic conditions. 

 

 

 

 

 

 

 

 

 

 

 

    

 

                

   So far, it has been revealed in this system that addition of 

trifluoroacetic acid (TFA: pKa 0.23)10 into its sample solution 

changes both 1H NMR and electronic absorption spectra via the 

two-steps processes. The first step process corresponds to the 

regular changes arising from a simple protonation of TFA on 

the N atom of LB, and the second step process corresponds to 

the drastic changes arising from a direct interaction of TFA 

onto the OEP component (Chart 3, vide infra).11 Yet, it has 

been experimentally demonstrated that quenching TFA with 

ordinary bases like triethylamine (NEt3) recovers their original 

spectra quite well. This is a common phenomenon of 

OEP-DHBTh-LB in the reversible spectral changes, as well as 

the solution-color changes, with DHBTh and LB reflecting on 

the electronic structure of OEP. 

N NMe2

NMe2 NMe2

NMe2

Py DMAB (4-yl) DMAB (3-yl) BisDMAB

Chart 1. Abbreviation of SPC and LB in OEP-SPC-LB.
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   Based on the TFA-sensing examinations (vide infra), it has 

been proved that the sensitivity to TFA of this system increases 

in order of 2<<3<1 and its reversible stability increases in order 

of 1<<2<3, suggesting that the derivative 3 is rather promising 

in both sensitivity and stability.11 These results indicate that the 

lone-pair electrons on the N atom of LB stereo-electronically 

plays an important role in an extended !-electronic conjugation 

chain of this system prior to the proton-acceptable ability 

(basicity) of LB, since the conjugated acids of pyridine (Py) 

and N,N-dimethylaminobenzene (DMAB) themselves are well 

known to possess almost the same pKa value as each other 

(5.14 for Py-H+ and 5.06 for DMAB-H+) (Chart 4).10 

Accordingly, taking this consequence into consideration, 

3,5-bis(N,N-dimethylamino)benzene (BisDMAB: pKa(1) 2.65 

and pKa(2) 4.88)12 could be a promising LB for enhancing their 

sensitivity and stability to TFA (Chart 1). As expected, among 

1-4, the derivative 4 showed the highest function in both 

sensitivity and stability (Chart 2).11  

   In addition to these two valuations (sensitivity and stability), 

another essential one for the acid-sensing materials is to put the 

visibility, i.e., to construct the molecular structure with the 

greater spectral changes in magnitude between neutral and 

acidic conditions.3-6 The higher visibility means the more 

performable functions in accuracy, leading to the more 

sophisticated material. And, our aim and goal in this research is 

to achieve a methodology for producing the desired electronic 

structures of OEP purposively, without changing their skeletal 

features, by choosing an adequate pair of SPC and LB like a 

building-brick from a wide variety of SPC and LB. Previously 

it was shown from the electronic spectral study with 1-4 that 

the TT-DHBTh SPC with the higher !-electronic conjugation 

plane brings the greater spectral changes into their Soret- and 

Q-bands,13, 14 than the HH isomer.11 Moreover, from the 

consequence performed with the diacetylene-group connected 

dimeric OEP derivatives (OEP-SPC-OEP), it was suggested 

that an introduction of SPC with the higher mobile !-electrons 

is preferable to an extension of !-electronic conjugation into 

the skeletal chain, for further enhancement of their visibility.15 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

    

   In our continuous investigations of OEP-SPC-LB toward 

the higher functionality in respect of those three valuations 

(sensitivity, stability, and visibility), the OEP-SPC-LB 

derivatives 5-10 were newly synthesized. In this study, benzene 

(abbreviated as Phen) and anthracene (Anth) are employed as 

SPC, while Py, DMAB, and BisDMAB are employed as LB 

(Charts 1 and 5). The structure-property relationships of 5-10 

were conclusively studied, as compared with those of the 

DHBTh derivatives 1-4. Basically, the behaviors of 

OEP-SPC-LB between before and after the protonation 

processes were examined by means of 1H NMR and electronic 

absorption spectral measurements, and were comparatively 

analyzed in terms of the inductive and conjugation effects on 

their spectral changes. Successively, their relative sensitivity 

and reversible stability to TFA were estimated, on the basis of 

the minimum amount of TFA necessary for completion of the 

spectral changes at each stage. Then, toward our final goal, the 

structurally tractable elements in the present OEP chromatic 

system will be proposed, in order to derive a guideline for 

further enhancement of the proton-sensing functionality in 

sensitivity, stability, and visibility.  

 

 

 

 

 

 

 

 

 

 

 

2. Results and Discussion 

2.1. Synthesis of The OEP-SPC-LB Derivatives 5-10. 

   The title OEP-SPC-LB derivatives 5-10 were synthesized, 

as shown in Schemes 1 and 2.8,11 The counterparts of terminal 

OEP-SPC acetylenes 15 and 19 were prepared by our 

conventional way. Oxidative cross coupling reactions of the 

OEP acetylene 1116 with the ethynyl compounds 1217 and 1618 

were carried out under the modified Eglinton conditions in 

ordinary yields,19 followed by ethynylation of the bromo 

substituent of 13 and 17 with trimethylsilylacetylene 

(TMS-acetylene) by Sonogashira coupling reaction and 

alkaline hydrolysis.20 Then, the derivatives 5-10 were led, again 

by Eglinton cross coupling reaction of 15 or 19 with the 

respective LB acetylenes 20,21 21,21 and 2221. The reaction of 

15 with an excessive amount (ca. 10 eq. to 15) of 20, 21, or 22 

was carried out in a mixture of Py and methanol (MeOH) (5:1 

in v/v) in the presence of copper(II) acetate [Cu(OAc)2]. In 

general, the reaction mixtures were chromotographed on 
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Chart 4. Delocalization mode of the lone pair electrons (     ) on the N 
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Chart 3. The protonation processes of OEP-SPC-LB with TFA at the first and second stages.
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silica-gel (SiO2) column, to afford the desired products 5, 6, 

and 7 in 25-45% yields, together with the corresponding 

homo-coupling dimers 23,22 24,23 and 2511 in quantity. 

Similarly, the reactions of 19 with 20-22 gave the 

corresponding 8, 9, and 10 in similar yields to those of 5-7. All 

the highly extended !-electronic conjugated OEP derivatives 

5-10 are dark green to black purple microcrystallines and are 

stable under the room light at an ambient temperature (see 

Experimental part). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2. Molecular Skeletal and Electronic Structural Features 

of OEP-SPC-LB from 1H NMR, IR, and UV-Vis Spectral 

Measurements. 

   All the 1H NMR spectra of OEP-SPC-LB 5-10 are almost 

comparable to the simply combined ones between 

corresponding components (S1), similar to those of 1-4.15 Yet, 

all the H signals belonging to OEP and Anth of 10 appeared at 

almost the same chemical shifts as those of 8 and 9, indicating 

that the connection of OEP, SPC, and LB components with the 

diacetylene linkage brings no particular reformation into their 

skeleton. Nevertheless, the H signals due to LB rings (LB-H) of 

8-10 appeared in a slightly but apparently lower field region 

(~0.1 ppm), as compared with the corresponding LB-H of 5-7, 

due to the greater diamagnetic ring current effect of the Anth 

SPC on these LB-H signals. Otherwise, this result suggests that 

the molecular planarity of the Anth derivatives 8-10 is higher 

and thus their !-electronic conjugation extends further than that 

of the Phen derivatives 5-7, because the central Phen moiety of 

Anth in 8-10 is more fragile and mobile than Phen in 5-7 (vide 

infra). In other word, even if the central Phen moiety of Anth 

participates into !-electronic extension over the molecule more 

or less, the two more benzene rings substantially remain in the 

Anth component of 8-10. Such a dibenzo-1,4-phenylene 

character of Anth magnetically affects those LB-H more 

intensively than one benzene ring of Phen in 5-7.15 

   Similar to the above consequence from 1H NMR spectra, IR 

spectral behavior would appear on the stretching vibrations due 

to the C-C triple (C:::C) bond, reflecting the molecular 

planarity of this system. All the diacetylene linkages in the 

OEP-SPC-LB skeleton were practically observed, as a set of 

medium and weak absorption peaks (Table 1). The TT isomers 

of 1-4 showed the lower wave numbers, as compared with the 

corresponding HH isomers, indicating that the diacetylene 

linkage takes part in conjugation well with the higher planar 

SPC, though by a little.8 However, the reformation efficiency of 

the diacetylene linkage in this system is quite different between 

the OEP-SPC-LB derivatives. The C:::C vibrations in a group 

of the DHBTh derivatives weaken largely in the order of LB; 

Py>DMAB>BisDMAB, while those in two groups of the Phen 

and Anth derivatives largely in the order of LB; 

DMAB>Py>BisDMAB, indicating an existence of some 

suggestive interaction between SPC and LB. It is hopefully 

expected that a combination between Anth and BisDMAB 

possesses the electronically highest transmission ability to 

OEP. 

 

 

 

 

 

 

 

 

 

 

   In contrast with a fairly high similarity in the molecular 

skeletal features, the electronic absorption spectral behaviors in 

a region of 400-600 nm, characteristic of OEP nucleus,13b, 14 are 

affected dramatically by the nature of SPC (Fig. 1). A set of 

4HH and 4TT is a typical example, where the greater extension of 

!-electronic conjugation over the molecule is performed in 4TT 

due to the higher planarity of TT-DHBTh effective for 

!-electronic conjugation.11 On the other hand, the Phen 

derivative 7 showed almost the same spectrum as 4HH in both 

absorption maxima and intensity, clearly indicating that the 

transmissible ability of SPC from LB to OEP in this system is 

almost identical between Phen and HH-DHBTh (vide infra). 

   As compared with the spectral behaviors of the DHBTh and 

Phen derivatives, the Anth derivative 10 exhibited much drastic 

changes in both Soret and Q bands. The much further 

reformation of electronic structure of OEP was achieved, 

affording the completely separated Soret band with two clear 

maxima and the much sharper Q band at the longer wavelength 

region. The connection mode of 9 and 10 positions of Anth 

would be also important for the more efficient reformation of 

the electronic structure of OEP, as observed in the 

diacetylene-group connected OEP-Anth-OEP derivatives.15 In 

particular, with respect to the longer wavelength Q band, the 

absorption intensity of 10 proved to increase up to !=37500, 

almost twice and three times as large as that of 4TT and 7, 

which is of significance for development of the OEP chromatic 

system in both sensitivity and visibility. 
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Table 1. The wave numbers (!/cm-1) due to the triple bond vibrations

of OEP-SPC-LB measured by IR spectra (KBr disc)

OEP-SPC-LB medium band weak band

1HH

2HH

3HH

4HH

5

6

7

8

9

10

2200

2189

2183

2182
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2202
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2173
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2130
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4TT 2178 2129

3TT 2178 2128

2TT 2184 2129

1TT 2196 2122
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   In order to seek some structural element at the molecular 

level, the HOMO and LUMO energies were preliminarily 

calculated for the SPC-LB derivatives 26-37 (Chart 6) with a 

program of PM7 level and were summarized in Table 2.24 It 

largely shows that the HOMO energies elevate in the order of 

LB; Py<DMAB<BisDMAB, while the LUMO energies lower 

in the order of LB; DMAB>BisDMAB>>Py. Consequently, in 

all sets of derivatives with the same LB, the gaps (") between 

HOMO and LUMO decreased in the order of SPC; 

Phen>HH-DHBTh>TT-DHBTh>Anth, resulting in the largest 

(8.3611 eV) for 32 and the smallest (6.6792 eV) for 37. These 

results indicate that the combination of Phen and Py is the 

hardest to collapse their electronic structures, while the 

combination of Anth and BisDMAB is the easiest for 

reformation of their electronic structures to enter into an 

extended conjugation system through the diacetylene linkage.25 

This is exactly in accord with the empirical results from the 

C:::C bond vibrations of OEP-SPC-LB (vide supra). 

 

 

 

 

 

 

 

 

 

 

 

   Based on the fact that the Phen and Anth derivatives 5-10 

are more compact molecules in conjugation length than the 

DHBTh derivatives 1-4, it suggests that an introduction of the 

mobile !-electronic component into the present system is much 

preferable to a canonical extension of the !-electronic 

conjugation, for construction of the particular electronic 

structure of OEP as an acid-sensing material of this type. 

 

2.3. The Spectral Behavior of OEP-SPC-LB Under The 

Acidic Conditions and Cooperative Effect of SPC and LB 

on Their Spectral Changes. 

   2.3.1. 1H NMR Spectral Changes. All the experiments 

were achieved under the same conditions as previously 

reported for 1-4.11 As seen in the spectral changes of 5 (Fig. 2), 

6 (S2) and 7 (S3), on increasing TFA content in each sample 

solution, the signals due to LB-H regularly shift to the lower 

field at the first stage more or less until they reach to the 

equilibrium state, because the positive charge is introduced into 

LB ring by protonation on its N atom and thus magnetically 

deshields LB-H. Further addition of TFA suddenly starts to 

broaden the meso-H signals with their chemical shifts 

unchanged and finally makes them hide into the base line.8 

Although the amounts of TFA necessary for completion of 

those spectral changes are different from each other, the Phen 

derivatives 5-7 substantially showed the similar behavior to the 

DHBTh derivatives 1-4.11 Also, it should be noted that all the 

Phen-H signals in 5-7 remain unchanged in both neutral and 

acidic media, similar to the DHBTh-H signals of 1-4.8 

 

   In contrast with a high regularity in TFA-response between 

the Phen derivatives 5-7, the Anth derivatives 8-10 exhibited 

the characteristic behavior, with reflection of the nature of LB. 

The Py-H signals of 8 (# 8.69 and 7.47 ppm) scarcely shifted to 

the lower field but unexpectedly moved toward the higher field 

to reach the final stationary positions at ca. 8.1 and ca. 7.2 ppm 

(Fig. 3). This is entirely reverse to the behavior of the Py-H 

signals of 1 and 5. Yet, all the Anth-H signals were also 

observed to move toward the higher field and were almost 

independently positioned from each other at the end. The 

DMAB-H signals (# 7.51 and 6.66 ppm) of 9 once shifted to 

the lower field (# 7.55 and ca. 7.0 ppm) but on further addition 
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Chart 6. Diacetylene-group connected SPC-LB derivatives 26-37.

Table 2.  HOMO and LUMO energies (/eV) of diacetylene-group connected
SPC-LB derivatives 26-37

Molecular orbital calculation was performed by a program of PM7 level (MOPAC2012)24b, c 

together with optimization of each molecular structure with a Winmoster program.24a

SPC-LB HOMO LUMO ! (HOMO - LUMO)

26

27

28

29

30

31

32

33

34

35

36

37

-8.8910

-8.0660

-8.0410

-8.7570

-8.0230

-8.0250

-9.3767

-8.1457

-8.0320

-8.4060

-8.0620

-8.0440

-1.3290

-0.9000

-0.9580

-1.3840

-1.0260

-1.0630

-1.0156

-0.4485

-0.4980

-1.6420

-1.3060

-1.3648

7.5620

7.1660

7.0830

7.3730

6.9970

6.9620

8.3611

7.6972

7.5340

6.7640

6.7560

6.6792
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of TFA reversely shifted to the higher field just by a little (S4). 

And, only a set of the Anth-H signals near by the diacetylene 

linkage moved toward the higher field from beginning to end. 

In the case of 10 (Fig. 4), the BisDMAB-H signals (# 6.45 and 

6.12 ppm) did not exhibit a typical movement arising from its 

diacid base property, distinct from 4 and 7,11 but simply shifted 

to the lower field (# ca. 7.1 and ca. 7.0 ppm). Yet, quite similar 

to the behavior of 9, only a set of the Anth-H signals near by 

the diacetylene linkage shifted to the higher field. With respect 

to the meso-H signals, no particular difference between these 

Phen and Anth derivatives was observed in spectral changes. 

 

 

  It is apparent that such a big difference of 8-10 from the 

derivatives 1-7 in their spectral behavior in acidic media is 

attributable to the high !-electron mobility of Anth and 

cooperatively to its interactive efficiency with LB, as also 

suggested from the stretching vibrations of C:::C bond in their 

IR spectral study (vide supra). Under the acidic conditions, the 

mono-protonated LB species (LBH+) must be stabilized 

somehow, because the positive charge is introduced into the 

OEP-SPC-LB skeletal system (Charts 3 and 4). In the case of 

8, the positive charge of PyH+ would localize on the N atom of 

Py to have the strong electron-withdrawing power, because of 

no charge relaxation through the !-electronic conjugation with 

any !-electronic components. In contrast with PyH+, the 

positive charge of DMABH+ (9) and BisDMABH+ (10) would 

have the weak electron-withdrawing power, because these 

species delocalize their positive charge for stabilization. 

Therefore, the difference in electronically inductive power 

between these mono-protonated species likely affects the 

!-electron mobility of Anth more or less, according to 

circumstances. For example, the PyH+ intensively induces Anth 

to collapse its 14!-electron ring system by withdrawing 

!-electrons to the PyH+ site and to reduce its ring current effect 

to some extent. Oppositely, the PyH+ ring increases the electron 

density by accepting !-electrons from the Anth site, resulting in 

shielding the protons of the PyH+ ring to some extent. Thus, the 

!-electronic reformation of this type would induce both Anth-H 

and Py-H signals to shift to the higher field. 

 

 

   As a result, it is experimentally verified that the !-electron 

mobility of SPC plays an important role not only in the 

purposive construction of the skeletal feature of this system, 

but also in the transmissible efficiency of this system from LB 

to OEP through the diacetylene linkage under both neutral and 

acidic conditions. 

 

   2.3.2. Electronic Absorption Spectral Changes. 

 

   All the experiments were achieved under the same 

conditions as previously reported for 1-4.11 Generally, on 

adding TFA into the sample solution, Soret and Q bands of all 

the derivatives regularly decrease their intensity at first, and 

then both bands start to deform their shapes from the certain 

point of TFA content in the sample, accompanied by a new 

absorption band at the longer wavelength with a long tail. As 

contrasted with the absorption terminal (~ ca. 900 nm) of the 

derivatives 1-7, those of 8-10 extended over the visible region 
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up to ca. 1200-1400 nm (Figs. 1 and 5). In accord with these 

spectral changes, the derivatives change their solution-color 

appearance, mostly from greenish to pale yellow for the 

DHBTh derivatives 1-4 at the end (Fig. 6a-c). This is almost 

the same change in color for all the Phen derivatives 5-7.27 And, 

the Anth derivatives 8-10 exhibited much wider solution-color 

change from greenish to reddish at the end (Fig. 6d-f). 

 

   As shown from the 1H NMR and IR spectral experiments, it 

is realized that the Anth SPC works cooperatively with LB in 

high efficiency and possesses a remarkable influence on the 

electronic absorption spectral behavior of 8-10 also under the 

acidic conditions (see the next section). 

 

2.3.3. Sensitivity, Stability, and Visibility to TFA. 

   In this study, the minimum amount of TFA necessary for 

completion of the mono-protonation onto LB is regarded as a 

measure of sensitivity to TFA; the less value means the higher 

sensitivity.11 On the other hand, in general, the metal 

complexes of porphyrin are labile under the acidic conditions to 

extrude the metal ions (Chart 3).13, 28 Therefore, in order to 

guarantee the reversibility between neutral and acidic media in 

the spectral changes, the minimum amount of TFA necessary 

for completion of the meso-H signal disappearance was 

employed,11 correlating the greater value with the higher 

reversible stability (Table 3). 

   In a group of OEP-SPC-Py, both DHBTh and Anth 

derivatives 1 and 8 showed almost the same sensitivity, to be ca. 

10 times as sensitive as the Phen derivative 5. In a group of 

OEP-SPC-DMAB, the Anth SPC derivative 9 showed the 

highest sensitivity, to be ca. 7 times as sensitive as the DHBTh 

derivative 2 and 10 times as sensitive as the Phen derivative 6. 

And, in a group of OEP-SPC-BisDMAB, all the derivatives 4, 

7, and 10 showed the fairly high sensitivity, regardless of SPC, 

exactly due to a high proton-acceptable ability of BisDMAB. In 

particular, a combination between Anth and BisDMAB brought 

the highest sensitivity, as also expected in their IR and 

electronic spectral studies (Tables 1-3). On the other hand, 

among the derivatives carrying the same LB, the Anth group 

mostly proved to show the higher reversible stability than the 

other DHBTh and Phen groups. In particular, the OEP-Anth- 

BisDAMB derivative 10 possesses the reversibility 32 times as 

stable as the OEP-DHBTh-Py derivative 1. Meantime, the 

reversible stability of the Phen derivatives 5-7 showed an 

irregular trend, depending on the LB component. As compared 

with the corresponding DHBTh derivatives 1-4, the Py 

derivative 5 was more stable than 1, the DMAB derivative 6 

was stable similar to 2, and the BisDMAB derivative 7 was less 

stable than 4 (vide infra). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   At this moment, it is hard to make a general rationale of 

sensitivity and stability of this system quantitatively, but the 

acid-base interaction principle somewhat throws a light on the 

above results. Thus, at the first stage, the sensitivity correlates 

with the higher electron-donating ability of LB to TFA or with 

the more localized electrons on the N atom of LB. 

Simultaneously, when the N-protonated species of LB formed 

at the first stage can stabilize sufficiently by relaxation of its 

positive charge somehow (Chart 4), the protonation onto LB 

would take place efficiently with the less amount of TFA than 

otherwise. At the second stage, such thermodynamically higher 

stability of the conjugated acid, OEP-SPC-LBH+, would 

reversely retard the acid-base reaction of its OEP component 

with TFA, and thus need the greater amount of TFA for 

completion of the meso-H signal disappearance (vide supra). 

Thus, the stability of the present system decisively reflects the 

thermodynamical stability of OEP-SPC-LBH+ (Chart 3). 

   As mentioned previously, the lone pair electrons of Py 

reside on N atom stubbornly in an sp2-hybridized orbital, while 

those of DMAB and BisDMAB partially take part in 

!-electronic conjugation (Chart 4). Accordingly, Py would 

show the higher basicity and thus would possess the higher 

sensitivity than DMAB and BisDMAB. Table 3 also shows a 

particular contribution to the basicity in BisDAMB, affording a 

high sensitivity of 4 and 10 almost comparable to that of 1 and 

8. This result probably comes from a strong assistance of the 

non-protonated amino group in BisDMAB. not only toward the 

on-going protonated amino group for enhancement of 

proton-acceptable ability but also toward the already protonated 

amino group for enhancement of thermodynamical stability.11 

   In addition to the lone pair electrons on the N atom of LB, 

the !-electron mobility of SPC would play a significant role in 

not only sensitivity but also stability, reflecting the difference 

in efficiency of the !-electron supply from SPC to LB. In this 

situation, for example, the resonance energy of SPC could be 

regarded as a measure of efficiency in the !-electron supply 

from SPC; Phen moiety of Anth<3HTh of DHBTh<Phen.29 The 

SPC with the smaller resonance energy would provide its 

!-electron more readily to the necessitated sites through an 

extension of the !-electronic conjugation, to heighten the 

basicity of LB under the neutral conditions and to enhance the 

thermodynamical stability of LBH+ under the acidic conditions. 

As deduced from a low sensitivity and stability of 5-7, it is 

indicated that the Phen itself is much hard to collapse the 

6!-electron ring system for an extension of the !-electronic 

Table 3. Minimum amount of TFA necessary for

completion of the respective step processes in the OEP-SPC-LB 

system examined by means of 1H NMR spectral measurements

OEP-SPC-LB
1st step 2nd step

1TT

2TT

3TT

4TT

5

6

7

8

9

10

Added TFA (equiv.)

All experiments were carried out at 25 C using the
sample solutions adjusted to the conccentration of ca. 8.5x

10-3 mol/103 cm3. The 1st step is for completion of the mono-
protonation onto LB and the 2nd step is for completion of the
disappearance of meso-H signals.

1.1

10

5.0

1.5

10

15

1.0

1.2

1.5

1.0

2.5

25

35

60

20

25

25

60

60

80
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conjugation due to its greater resonance energy, as compared 

with other SPC. In case of the DHBTh derivatives 1-4, their 

behavior seems variable. The fact that they carry two 3HTh 

rings with the medium resonance energy may result in a 

characteristic behavior in both sensitivity and stability, distinct 

from other SPC derivatives. Each 3HTh ring of DHBTh likely 

plays an independent role as the !-electron-provider component 

to enhance the basicity of the nearby LB or OEP ring, and to 

increase the thermodynamical stability of their conjugated acids 

(LBH+ or H+OEP), according to circumstances (Chart 7). 

 

 

 

 

 

 

 

 

 

 

 

   From the results on the structure-property relationships in 

the OEP-SPC-LB system, it is simply noted that the 

combination between the higher basic LB and the lower 

resonance energy SPC is useful for further enhancement of the 

sensitivity and stability. In this respect, the OEP-Anth- 

BisDMAB derivative 10 proved to be the most promising 

candidate at present for the OEP chromatic system with highly 

reversible spectral changes between neutral and acidic media. 

 

3. Conclusion 

   In this study, the features of our original OEP-SPC-LB 

chromatic system in reversible spectral change between neutral 

and acidic media were further elucidated in view of sensitivity, 

stability, and visibility, as focused on the electronic properties 

of LB and SPC. It was studied on their structural properties that 

the lone pair electrons on the N atom of LB interact with TFA 

strongly or weakly, depending on the circumstances where they 

take part in !-electronic conjugation for stabilization in an 

extended system or in a definite cyclic system. This feature 

primarily produces the inherent basicity of LB in the present 

system and results in the difference in their sensitivity to TFA. 

The !-electron mobility of SPC also plays a significant role for 

!-electronic conjugation with LB through the diacetylene 

linkage to reform the electronic structures, resulting in the 

difference in their reactivity with TFA. Simultaneously, these 

electronic properties of LB and SPC contribute to the 

stabilization of the conjugated acids under the acidic conditions 

as well. The higher basic LB derivatives did not always exhibit 

the higher reversible stability, but the SPC derivatives with the 

higher !-electron mobility certainly brought the higher 

sensitivity and stability (Table 3). In this respect, the Phen 

moiety of Anth proved to be the most effective SPC for the 

present system, presumably due to the smallest loss of 

resonance energy for reformation of the electronic system to 

provide its !-electrons to the necessitated sites. Especially, the 

combination between Anth and BisDMAB is highly promising 

for the OEP chromatic system in view of the three valuations of 

sensitivity, stability, and visibility. 

   A wide variety of porphyrin-based chromatic systems are 

well known to demonstrate one or two particular valuations 

with the same efficiency as 10 or more efficiently.3 Our OEP 

chromatic system is rather independent from others not only in 

aiming at all the three valuations based on the same molecular 

skeleton, but also in performing them systematically and 

simply by incorporation of SPC and LB with its skeletal 

features remaining. Based on the guideline of molecular design 

derived from the present study, further investigations of the 

OEP derivatives composed of the higher !-electron mobile 

SPC and the more basic LB are now in progress. 

 

4. Experimental 

   EI and FAB mass spectra were recorded with a JEOL 

JMS-700 spectrometer. IR spectra were measured on a Jasco 

FT/IR 7300 spectrophotometer as KBr or nujol or neat disk 

sample; only significant absorptions are recorded in $ values 

(/cm-1). 1H NMR spectra were measured in CDCl3 solution on a 

JEOL ECX-300A (300 MHz) or a JEOL JMN-EPC 600 (600 

MHz) spectrometer and were recorded in # values (/ppm) with 

TMS as an internal standard. The coupling constants (J) are 

given in Hz. Similarly, 13C NMR spectra were measured on a 

JEOL JMN-EPC 600 (150 MHz) spectrometer, in which their 

signals were not satisfactorily assigned to each carbon yet. 

Electronic absorption spectra were measured in CHCl3 solution 

on a Shimadzu UV-2200A spectrophotometer and absorption 

maxima of respective bands are reported in %max (/nm) values 

together with their molecular extinction coefficient (!) and note 

(sh; shoulder). SiO2 (Fujisilysia BW 820MH or BW 127ZH) 

was used for column chromatography. Reactions were followed 

by TLC, on aluminum sheets pre-coated with Merck SiO2 F254 

or with Merck Al2O3 GF254. Organic extracts were dried over 

anhydrous sodium sulfate (Na2SO4) or magnesium sulfate 

(MgSO4) prior to removal of the solvents. 

   According to the literatures, the OEP terminal acetylenes of 

15 and 19 as counterparts for OEP-SPC-LB were prepared, 

according to our conventional way.8, 11 

   Preparation of the diacetylene-group connected OEP- 

phenylacetylene 15; To a solution of Cu(OAc)2 (5.34 g, 29.4 

mmol) in Py-MeOH (120 cm3, 5:1) was added the mixture of 

1116 (600 mg, 0.97 mmol) and 1217 (619 mg, 3.42 mmol) in 

Py-MeOH (240 cm3, 5:1) at 40-45 C over 12h and was stirred 

there for 1d. Poured into water, the reaction mixture was 

extracted with CHCl3. The extracts were washed with dil. HCl, 

sat. NaHCO3, and brine successively, and then dried. The 

residue obtained after removal of the solvent was 

chromatographed on SiO2 (3 x 30 cm) with hexane-CHCl3 (1:4) 

to afford 13 (248 mg, 32%) as dark green microcrystallines. 13: 

MS (EI); m/z 793 (M+) and 795 (M++2) for C46H47N4BrNi 

(MW 794.47, based on Ni=58.69). IR (KBr) $ 2961, 2926, and 

2866 (CH) and 2199 and 2137 (C:::C). 1H NMR; # 9.42 (2H, s, 

meso-H), 9.40 (1H, s, meso-H), 7.52 (2H, d, J 8.4, Phen-H), 

7.47 (2H, d, J 8.4, Phen-H), 4.13 (4H, q, J 8.3, CH2), 3.85-3.75 

(12H, m, CH2), and 1.83-1.70 (24H, m, CH3). 
13C NMR; # 

145.79, 145.00, 143.77, 143.01, 142.21, 140.34, 140.16, 137.75, 

133.70, 131.77, 123.43, 121.41, 97.90, 97.84, and 92.29 (sp2-C), 

90.80, 87.31, 82.14, and 76.00 (sp-C), 31.94, 29.72, 29.67, 

22.70, 21.77, 19.50, 18.14, and 17.27 (sp3-C). Uv-vis; %max 437 

(110000), 565 (13100), and 603 (13700). To a solution of 13 

(150 mg, 0.19 mmol), (Ph3P)4Pd (436 mg, 3.8 x 10-2 mmol), 

and CuI (3.6 mg, 1.9 x 10-2 mmol) in toluene-NEt3 (30 cm3, 

1:1) was added TMS-acetylene (0.11 cm3, 0.76 mmol) over 3h. 

The mixture was refluxed with stirring for 12 h. The reaction 

mixture was poured into water and extracted with CHCl3. The 

extracts were washed with brine and then dried. The residue 

obtained after removal of the solvents was chromatographed on 

SiO2 (3.5 x 24 cm) with hexane-CHCl3 (4:1) to afford 14 (123 

mg, 80%) as black purple microcrystallines. 14: MS (EI); m/z 

811 (M+) for C51H56N4NiSi (MW 811.78, based on Ni=58.69). 

IR (nujol) $ 2962, 2927, and 2869 (CH) and 2193 and 2136 

(C:::C). 1H NMR; # 9.42 (2H, s, meso-H), 9.40 (1H, s, meso-H), 

N

NN

N

Ni

S

S
LBH+

R

R

Chart 7. Independent interaction of each 3HTh ring in DHBTh 
on the nearby component OEP or LB through the diacetylene
linkage.

H+
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7.53 (2H, d, J 7.8, Phen-H), 7.46 (2H, d, J 7.8, Phen-H), 4.13 

(4H, q, J 8.2, CH2), 3.85-3.75 (12H, m, CH2), 1.83-1.70 (24H, 

m, CH3), and 0.27 (9H, s, TMS-H). 13C NMR; # 146.29, 145.53, 

144.27, 143.51, 142.69, 140.84, 140.64, 138.24, 134.21, 132.63, 

124.19, 122.91, 98.33, 97.73, and 92.79 (sp2-C), 91.29, 88.49, 

87.81, 83.03, 82.62, and 76.49 (sp-C), 30.21, 22.26, 20.05, 

20.00, 19.97, 18.65, 17.78, and 0.51 (sp3-C). One sp3-C signal 

could not be ascertained, implying that the signal possesses the 

same chemical shift as the firmly specified one. Uv-vis; %max 

441 (112000), 568 (9120), and 608 (9400). A mixture of 14 

(151 mg, 0.19 mmol) and K2CO3 (13 mg, 9.3 x 10-2 mmol) in 

CHCl3-MeOH (30 cm3, 1:1) was stirred at an ambient 

temperature under Ar atmosphere for 6 h. Poured into water, 

the reaction mixture was extracted with CHCl3. The extracts 

were washed with brine and then dried. The residue obtained 

after removal of the solvents was chromatographed on SiO2 (5 

x 8.0 cm) with CHCl3 to afford 15 (137 mg, quantitative) as 

dark purple microcrystallines. 15: MS (EI); m/z 739 (M+) for 

C48H48N4Ni (MW 739.59, based on Ni=58.69). IR (KBr) $ 

3293 (C:::CH), 2961, 2925, and 2854 (CH), and 2193 and 2136 

(C:::C). 1H NMR; # 9.42 (2H, s, meso-H), 9.40 (1H, s, meso-H), 

7.55 (2H, d, J 8.7, Phen-H), 7.47 (2H, d, J 8.7, Phen-H), 4.13 

(4H, q, J 7.2, CH2), 3.84-3.74 (12H, m, CH2), 3.18 (1H, s, 

C:::CH), and 1.84-1.72 (24H, m, CH3). 
13C NMR; # 145.80, 

145.06, 143.76, 143.00, 142.31, 140.40, 140.21, 137.83, 132.21, 

132.16, 122.97, 122.73, 97.93, 97.87, and 92.38 (sp2-C), 90.91, 

87.81, 83.19, 82.65, 79.48, and 76.79 (sp-C), 32.02, 29.79, 

21.82, 20.68, 19.58, 19.50, 18.15, and 17.28 (sp3-C). Uv-vis; 

%max 443 (99700), 567 (7930), and 608 (8300). 

   Preparation of the diacetylene-group connected OEP- 

Anthrylacetylene 19; To a solution of Cu(OAc)2 (5.18 g, 28.7 

mmol) in Py-MeOH (120 cm3, 5:1) was added the mixture of 

1116 (600 mg, 0.97 mmol) and 1618 (960 mg, 3.42 mmol) in 

Py-MeOH (240 cm3, 5:1) at 40-45 C over 6 h and was stirred 

there for 12 h. Poured into water, the reaction mixture was 

extracted with CHCl3. The extracts were washed with dil. HCl, 

sat. NaHCO3, and brine successively, and then dried. The 

residue obtained after removal of solvent was chromatographed 

on SiO2 (3 x 27 cm) with hexane-CHCl3 (4:1) to afford 17 (288 

mg, 33%) as dark green microcrystallines. 17: MS (FAB); m/z 

894.56 (M+) for C54H51N4BrNi (MW 894.58, based on 

Ni=58.69). IR (KBr) $ 2961, 2927, and 2868 (CH), and 2180 

and 2128 (C:::C). 1H NMR; # 9.44 (2H, s, meso-H), 9.40 (1H, s, 

meso-H), 8.70 (2H, dm, Anth-H), 8.57 (2H, dm, Anth-H), 

7.70-7.63 (4H, m, Anth-H), 4.28 (4H, q, J 7.5, CH2), 3.87-3.75 

(12H, m, CH2), 1.94 (6H, t, J 7.8, CH3), and 1.78-1.73 (18H, m, 

CH3). 
13C NMR; # 145.86, 144.89, 143.75, 142.99, 142.26, 

140.36, 140.18, 140.06, 137.79, 133.90, 130.26, 128.39, 127.55, 

127.04, 125.23, 117.25, 97.98, 97.87, and 92.73 (sp2-C), 91.07, 

86.94, 85.49, and 85.46 (sp-C), 31.93, 29.71, 29.37, 21.89, 

19.53, 19.47, 18.16, and 17.48 (sp3-C). Uv-vis; %max 414 

(66300), 448 (78300), 482 (99800), 565 (14900, sh), and 598 

(22400). To a solution of 17 (150 mg, 0.17 mmol), (Ph3P)4Pd 

(39.1 mg, 3.4 x 10-2 mmol), and CuI (3.5 mg, 18.4 x 10-2 mmol) 

in toluene-TEA (30 cm3, 2:1) was added TMS-acetylene (0.1 

cm3, 0.72 mmol) and the mixture was refluxed with stirring for 

12 h. The reaction mixture was poured into water and extracted 

with CHCl3. The extracts were washed with brine and then 

dried. The residue obtained after removal of the solvent was 

chromatographed on SiO2 (3.5 x 21 cm) with hexane-CHCl3 

(4:1) to afford 18 (128 mg, 84%) as black purple 

microcrystallines. 18: MS (FAB); m/z 911.95 (M+) for 

C59H60N4SiNi (MW 911.92, based on Ni=58.69). IR (KBr) $ 

2962, 2928, and 2869 (CH) and 2176 and 2134 (C:::C). 1H 

NMR; # 9.45 (2H, s, meso-H), 9.41 (1H, s, meso-H), 8.74-8.68 

(2H, m, Anth-H), 8.64-8.59 (2H, m, Anth-H), 7.73-7.63 (4H, m, 

Anth-H), 4.26 (4H, q, J 7.5, CH2), 3.88-3.76 (12H, m, CH2), 

1.94 (6H, t J 7.2, CH3), 1.80-1.74 (24H, m, CH3), and 0.45 (9H, 

s, TMS-H). 13C NMR; # 145.69, 144.78, 143.58, 142.83, 

142.09, 140.17, 139.99, 137.60, 133.61, 133.48, 132.81, 132.14, 

128.51, 128.32, 128.27, 127.28, 127.12, 101.31, and 97.81 

(sp2-C), 92.69, 90.93, 87.33, 85.81, and 85.69 (sp-C), 21.69, 

19.35, 19.28, 17.97, 17.95, 17.18, and 0.05 (sp3-C). One sp-C 

and two sp3-C signals could not be ascertained, implying that 

their signals possess the same chemical shift as the firmly 

specified one (ones). In order to specify those signals, the 13C 

NMR spectra will be taken in other solvents in the future. 

Uv-vis; %max 419 (77400), 440 (61100, sh), 465 (66300), 491 

(100000), 563 (16200), and 601 (29400). A solution of 18 (170 

mg, 0.20 mmol) and K2CO3 (12.9 mg, 9.3 x 10-2 mmol) in 

CHCl3-MeOH (30 cm3, 1:1) was stirred at an ambient 

temperature under Ar atmosphere for 10 h. Poured into water, 

the reaction mixture was extracted with CHCl3. The extracts 

were washed with brine and then dried. The residue obtained 

after removal of the solvents was chromatographed on SiO2 (5 

x 7.0 cm) with CHCl3 to afford 19 (153 mg, 98%) as dark 

purple microcrystallines. 19: MS (FAB); m/z 839.72 (M+) for 

C56H52N4Ni (MW 839.71, based on Ni=58.69). IR (KBr) $ 

3300 (C:::CH), 2962, 2923, and 2869 (CH), and 2174 and 2122 

(C:::C). 1H NMR; # 9.45 (2H, s, meso-H), 9.42 (1H, s, meso-H), 

8.72-8.69 (2H, dm, Anth-H), 8.69-8.64 (2H, dm, Anth-H), 

7.73-7.64 (4H, m, Anth-H), 4.26 (4H, q, J 7.2, CH2), 4.13 (1H, 

s, C:::CH), 3.86-3.76 (12H, m, CH2), 1.96 (6H, t, J 7.2, CH3), 

and 1.78-1.74 (24H, m, CH3). 
13C NMR; # 145.91, 144.95, 

143.80, 143.03, 142.29, 140.39, 140.19, 137.81, 132.93, 132.61, 

132.10, 128.55, 127.35, 127.09, 118.14, 118.00, 98.02, 97.92, 

and 92.56 (sp2-C), 91.04, 90.35, 87.61, 85.93, 85.79, and 80.36 

(sp-C), 31.97, 29.75, 22.45, 21.89, 19.55, 19.48, 18.17, and 

17.37 (sp3-C). Uv-vis; %max 419 (93500), 437 (89600, sh), 456 

(81500), 488 (93200), 563 (20800, sh), and 602 (32100). 

   Among LB counterparts 20-22 for OEP-SPC-LB, the LB 

acetylenes 20 and 21 are commercially available. Thus, the 

BisDMAB acetylene 22 was prepared from the corresponding 

bromo derivative, according to the reported procedures.21 To a 

solution of 1-bromo-3,5-bis(N,N-dimethylamino)benzene21 

(500 mg, 2.06 mmol), (Ph3P)2PdCl2 (40 mg, 57 x 10-3 mmol) 

and CuI (9.5 mg, 49.9 x 10-3 mmol) in TEA (20 cm3) was 

added TMS-acetylene (1.50 cm3, 10.8 mmol). The mixture was 

stirred with refluxing for 1 d. The reaction mixture was poured 

into water and extracted with ethyl acetate (AcOEt). The 

extracts were washed with brine and then dried. The residue 

obtained after removal of the solvent was chromatographed on 

Al2O3 (35 x 18 cm) with hexane-AcOEt (1:1) to afford the 

TMS-protected product (402 mg). Then, a solution of the crude 

solid and K2CO3 (430 mg, 3.1 mmol) in THF-MeOH (90 cm3, 

1:2) was stirred at an ambient temperature under Ar atmosphere 

for 10 h. Poured into water, the reaction mixture was extracted 

with CHCl3. The extracts were washed with brine and then 

dried. The residue obtained after removal of the solvents was 

chromatographed on Al2O3 (3 x 20 cm) with benzene to afford 

22 (287 mg, 74%) as brownish oil. 22:21 MS (EI); m/z 189 

(M++1) for C12H16N2 (MW 188.27). IR (neat); $ 3314 (C:::CH) 

and 2110 (C:::C). 1H NMR; # 6.30 (2H, d, J 2.4, BisDMAB-H), 

6.04 (1H, br t, J 2.4, BisDMAB-H), 2.93 (1H, s, C:::CH), and 

2.92 (12H, s, NMe2-H). 

   All the title OEP-SPC-LB derivatives 5-10 were 

synthesized, in a similar way for the DHBTh derivatives 1-4.8 

As a typical reaction procedure, the synthesis of 5 is described 

in the following. A mixture of 15 (80 mg, 0.11 mmol) and 20 

(154 mg as HCl salt, 1.1 mmol, 10 eq. to 15) in a mixed 

solution of Py-MeOH (150 cm3, 5:1) was added dropwise at 

40-45 C with stirring into a solution of Py-MeOH (50 cm3, 5:1) 
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containing an excessive amount of Cu(OAc)2 (728 mg, 4.0 

mmol) over 1.5 hr. Then, the reaction mixture was kept stirring 

at 40 C for 12 hr. Poured into water, the reaction mixture was 

extracted with CHCl3. The extracts were washed with diluted 

HCl aq., with brine several times successively, and then dried. 

After removal of the solvents under reduced pressure, the 

residue obtained was chromatographed on SiO2 column with 

hexane- CHCl3 (4:1), to afford 5 (25 mg, 28%), together with 

the Py homo-coupling dimer 2322 (38 mg, 34% based on 20). 

   5: Dark purple microcrystallines (benzene-CHCl3). MS 

(FAB); m/z 840.68 for C55H51N5Ni (MW 840.70, based on 

Ni=58.69). IR (KBr); $ 2963, 2928, and 2870 (C-H), 2188 and 

2163 (C:::C). 1H NMR; # 9.42 (2H, s, meso-H), 9.40 (1H, s, 

meso-H), 8.62 (2H, d, J 6.0, Py-H), 7.58 (2H, d, J 7.0, Phen-H), 

7.53 (2H, d, J 7.0, Phen-H), 7.38 (2H, d, J 6.0, Py-H), 4.14 (4H, 

q, J 7.2, CH2), 3.82-3.77 (12H, qm, CH2), and 1.82-1.70 (24H, 

m, CH3). 
13C NMR; # 149.92, 145.97, 144.87, 143.84, 143.04, 

142.32, 140.44, 140.21, 137.82, 133.56, 132.81, 130.07, 125.96, 

119.42, 116.52, 98.09, 98.03, and 92.77 (sp2-C), 90.83, 88.67, 

86.81, 85.90, 85.81, 82.36, 81.18, and 78.57 (sp-C), 21.89, 

19.55, 19.48, 18.19, 18.17, 18.15, 17.40, and 17.39 (sp3-C). 

Uv-vis; %max 452 (95000) and 592 (11600). 

   23:22 Colorless solid (benzene-hexane). 1H NMR; # 8.57 

(4H, J 4.5, Py-H) and 7.31 (4H, J 4.5, Py-H). 

   6: 41% yield. Dark purple microcrystallines (benzene- 

CHCl3). MS 882.76 (FAB); m/z 882.77 for C58H57N5Ni (MW 

882.78, based on Ni=58.69). IR (KBr); $ 2958, 2927, and 2868 

(C-H), 2202 and 2137 (C:::C). 1H NMR; # 9.42 (2H, s, 

meso-H), 9.40 (1H, s, meso-H), 7.56 (2H, d, J 8.7, Phen-H), 

7.49 (2H, d, J 8.7, Phen-H), 7.42 (2H, d, J 9.0, DMAB-H), 6.63 

(2H, d, J 9.0, DMAB-H), 4.13 (4H, q, J 7.5, CH2), 3.82-3.75 

(12H, qm, CH2), 3.01 (6H, s, NMe2-H), and 1.83-1.73 (24H, m, 

CH3). 
13C NMR; # 151.25, 145.78, 145.03, 143.74, 142.98, 

142.22, 140.32, 140.13, 137.74, 133.91, 133.90, 132.25, 132.20, 

123.05, 122.75, 116.65, 111.60, 97.90, and 97.82 (sp2-C), 87.88, 

86.26, 85.84, 85.06, 83.15, 82.75, 78.15, and 72.35 (sp-C), 

40.06, 21.76, 19.53, 19.46, 18.16, 18.13, 18.10, 17.25, and 

17.20 (sp3-C). Uv-vis; %max 451 (131000) and 590 (14000). 

   24:23 28% yield based on 21. Pale yellow solid (benzene- 

hexane). 1H NMR; # 7.40 (4H, J 8.2, Phen-H), 6.64 (4H, J 8.2, 

Phen-H), and 2.98 (12H, s, NMe-H). 

   7: 35% yield. Black green powder (benzene-CHCl3). MS 

(FAB); m/z 925.87 for C60H62N6Ni (MW 925.85, based on 

Ni=58.69). IR (KBr); $ 2964, 2925, and 2870 (C-H), 2175 and 

2137 (C:::C). 1H NMR; # 9.42 (2H, s, meso-H), 9.40 (1H, s, 

meso-H), 7.56 and 7.50 (2H and 2H, d, J 8.4, Phen-H), 6.35 

(2H, br s, BisDMAB-H), 6.08 (1H, br s, BisDMAB-H), 4.13 

(4H, q, J 7.2, CH2), 3.82-3.77 (12H, qm, CH2), 3.01 (12H, s, 

NMe2-H), and 1.83-1.75 (24H, m, CH3). 
13C NMR; # 145.80, 

145.79, 145.00, 143.77, 143.01, 142.21, 140.34, 140.16, 137.75, 

133.71, 133.70, 131.78, 131.77, 123.43, 121.41, 90.90, 97.84, 

92.75, and 91.06 (sp2-C), 88.12, 88.10, 88.06, 87.58, 86.42, 

86.17, 77.83, and 72.08 (sp-C), 40.68, 21.89, 19.55, 19.54, 

19.48, 18.17, 18.15, 17.37, and 17.36 (sp3-C). Uv-vis; %max 450 

(118000) and 590 (13500). 

   25:11 45% based on 22. Brownish solid (benzene). 1H 

NMR; # 6.34 (4H, d, J 2.4, BisDMAB-H), 6.07 (2H, t, J 2.4, 

BisDMAB-H), and 2.93 (24H, s, NMe2-H).  

   8: 33% yield. Black purple powder (benzene-CHCl3). MS 

(FAB); m/z 940.79 for C63H55N5Ni (MW 940.81, based on 

Ni=58.69). IR (KBr); $ 2961, 2927, and 2868 (C-H), 2173 and 

2131 (C:::C). 1H NMR; # 9.45 (2H, s, meso-H), 9.41 (1H, s, 

meso-H), 8.74-8.71 (2H, dm, Anth-H), 8.69 (2H, d, J 6.2, 

Py-H), 8.66-8.60 (2H, dm, Anth-H), 7.73-7.70 (4H, m, Anth-H), 

7.47 (2H, d, J 6.2, Py-H), 4.26 (4H, q, J 7.5, CH2), 3.86-3.76 

(12H, qm, CH2), 1.94 (6H, t, J 7.2, CH3) and 1.79-1.74 (18H, 

tm, CH3). 
13C NMR; # 149.88, 145.86, 145.80, 144.97, 144.90, 

143.81, 143.02, 142.22, 140.38, 140.17, 137.77, 137.70, 132.62, 

132.60, 132.36, 132.30, 126.06, 123.89, 121.47, 97.97, 97.93, 

and 92.29 (sp2-C), 90.05, 89.05, 88.66, 87.90, 87.75, 83.38, 

83.15, and 78.09 (sp-C), 21.76, 19.54, 19.47, 18.15, 18.14, 

18.10, 17.27, and 17.20 (sp3-C). Uv-vis; %max 425 (91800), 508 

(112000), and 610 (48700). 

   9: 40% yield. Black green powder (benzene-CHCl3). MS 

(FAB); m/z 982.88 for C66H61N5Ni (MW 982.89, based on 

Ni=58.69). IR (KBr); $ 2962, 2928, and 2869 (C-H), 2180 and 

2127 (C:::C). 1H NMR; # 9.44 (2H, s, meso-H), 9.40 (1H, s, 

meso-H), 8.71-8.63 (4H, m, Anth-H), 7.71-7.62 (4H, m, 

Anth-H), 7.51 and 6.66 (2H and 2H, d, J 9.3, MDAB-H), 4.26 

(4H, q, J 7.2, CH2), 3.88-3.75 (12H, qm, CH2), 3.02 (6H, s, 

NMe2-H), 1.94 (6H, t, J 7.5, CH3) and 1.79-1.74 (18H, tm, 

CH3). 
13C NMR; # 150.75, 145.89, 144.97, 143.78, 143.01, 

142.30, 140.38, 140.18, 137.80, 133.95, 133.22, 133.01, 127.47, 

127.42, 127.24, 121.17, 118.57, 117.75, 111.71, 107.76, 98.02, 

97.90, and 92.95 (sp2-C), 91.15, 88.26, 88.09, 87.91, 86.17, 

86.16, 78.19, and 72.78 (sp-C), 40.08, 29.72, 29.71, 21.89, 

19.55, 19.48, 18.19, 18.17, and 17.37 (sp3-C). Uv-vis; %max 425 

(57900), 513 (88400), and 609 (41900). 

   10: 25% yield. Black green microcrystallines (benzene- 

CHCl3). MS (FAB); m/z 1025.95 for C68H66N6Ni (MW 1025.96, 

based on Ni=58.69). IR (KBr); $ 2963, 2927, and 2867 (C-H), 

2168 and 2121 (C:::C). 1H NMR; # 9.45 (2H, s, meso-H), 9.41 

(1H, s, meso-H), 8.70 and 8.65 (2H and 2H, dm, Anth-H), 

7.73-7.66 (4H, m, Anth-H), 6.45 (2H, d, J 2.1, BisDMAB-H), 

6.12 (1H, br s, BisDMAB-H), 4.26 (4H, q, J 7.2, CH2), 

3.86-3.76 (12H, qm, CH2), 2.99 (12H, s, NMe2-H), and 1.94 

(6H, t, J 7.2, CH3), 1.78-1.74 (18H, m, CH3). 
13C NMR; # 

151.43, 145.92, 144.95, 143.79, 143.02, 142.31, 140.40, 140.20, 

137.81, 133.39, 132.97, 127.44, 127.40, 127.38, 127.21, 122.15, 

118.21, 106.11, 98.86, 98.04, 97.94, 92.89, and 91.06 (sp2-C), 

88.17, 88.10, 88.08, 87.61, 86.33, 86.05, 78.25, and 72.42 

(sp-C), 40.68, 21.89, 19.55, 19.54, 19.47, 18.15, 18.14, 17.37, 

and 17.36 (sp3-C). Uv-vis; %max 426 (67900), 507 (99400), and 

607 (37500). 
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