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the similarity in extinction coefficient, showing that the strongly inductive acceptor group 

displays optical band gaps (and potential nonlinear optical susceptibilities) comparable to 

that of the relatively weak resonance acceptors. These similarities extend also to 13-15, 

which have been shown to possess attractive NLO characteristics.6 

A(nm) 

Figure 7. Expanded electronic emission spectra of 1-6 in CH2Ch. 
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Figure 8. Electronic emission spectra of (a) 16-19 and (b) 19-21 in CH2Ch (DCM) and 

benzene (Bz). All spectra were recorded at analyte concentrations of 15-25 ,uM with 

excitation at 450 run. 
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The electronic emission spectra of 16-21 in CH2Cb and benzene are shown in

Figure 8 and the data tabulated in Tables 4 and 5. The bisDBAs exhibit the same

dramatic solvatochromism as the TPEBs (see experimental section Figure 12 for

additional representative spectra). Planarization has much less effect on the emission than

the absorption, however. Maxima rarely differ from 1-3 in either solvent by more than 12

nm, and never by more than 20 nm. This may imply that planarization has less of an

effect on the lowest vibrational level of the first excited excited state than the ground

state. Consequently, Stokes shifts are smaller for all isomers. In benzene, the para

isomers are again conspicuously red shifted relative to the ortho and meta isomers. In the

cases of the DBAs the wavelength order in both solvents is meta < ortho <para. This

may indicate an enhanced dipole in the ortho DBAs upon planarization from 1. The

bisDBAs presented here are significantly (60-80 nm) blue shifted relative to 22-26, which

emit in toluene in the orange-red region (all emission of22-26 is quenched in CH2Ch).lb

This large difference is likely due to a much lower-lying excited state in the strong

resonance acceptor systems. Segment-localized FMOs explain this effect: when the

HOMO is localized on the donor segment and the LUMO is localized on the acceptor

segment, changes in the strength or type of either group can affect each MO nearly

independently.le,? Here, we retain the strong donor group and switch to a weaker acceptor

group. Accordingly, a greater effect is seen in the emission spectra than the absorption

spectra.



Table 5. Electronic emission data for 1-12 and 16-21 in benzene.

compd Aem (nmt

1 490

2 493

3 506

4 506

5 514

6 531

7 505

8 512

9 534

10 508

11 512

12 530

16 504

17 501

18 521

19 503

20 499

21 522

aExcitation at 450 nm.
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The fluorescence quantum yields ofl-12 and 16-21 in CH2Ch were calculated from

the steady-state spectroscopic measurements using the techniques described by Drushel et

al. 18h The values are given in Tables 3 and 4, and the quantum yields are also shown

graphically in Figure 9 (13-15 and 22-26 are calculated to have quantum yields of

<O.Ol).lb The general trend follows the concept of decreasing quantum yield with

increasing acceptor strength: as band gaps narrow, nonradiative de-excitation via

dissipative/vibronic coupling becomes more accessible. 1b
,c,19 In most cases presented

here, the meta isomers show the highest <Dr, possibly for the same reasons they exhibit

higher charge transfer band intensities in the absorption spectra. Notable exceptions are 2

and 20, although it is unclear why these are the case. As noted above, however,

conjugation pathways in 19-21 are structurally more similar to those in 1-3 than are 16

18, so the cause for the deviation may be the same in both systems. From this data, 7-9

appear to exhibit qualitative acceptor strength equal to or greater than even the

benzonitrile analogues. If the absorption spectrum can be taken as a quantitative measure

of excitation band gaps, then we have in 1-9, and especially in 3, TPEBs that exhibit

relatively narrow band gaps and high quantum yields. Thus, it is demonstrated once again

that correct choice of acceptor identity can optimize various desired optical properties for

specialized applications. The bis[14]DBAs exhibit quantum yields comparable to 1-3,

while the bis[15]DBAs are consistently lower. This was also observed for the all-donor

analogues,lb and may indicate increased 1t-1t*-like character of the SO->Sl transition for

16-21 relative to 22-26. Quantum yields in benzene have been calculated for many ofthe
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TPEB compounds, ld and are generally higher than in dicWoromethane due to decreased 

solvent and dipole interaction with lower internal an external conversion rate constants. 
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Figure 9. Quantum yield trends for TPEBs 1-12 and bisDBAs 16-21 in CH2Cb. 

Film Spectra. Because of the potential for these systems to serve as components of 

organic optical devices, as well as the striking emission solvent sensitivity, we 

determined the absorption and emission profiles of thin films to examine how the solid 

state properties compared to those in solution. Compounds 1-9 were drop-cast from 

CH2Cb solution onto cleaned glass microscope cover slides and the resulting films were 

placed under vacuum for 1 h to remove residual solvent. The resulting absorption and 

emission spectra are shown in Figure 10 and the relevant maxima are listed in Table 6. 

The features of the absorption spectra are considerably broadened compared to the 
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solution-phase spectra, but in general the absorption profiles retain their characteristic

band shapes. The lowest energy Amax for most compounds remains remarkably similar to

that in CH2Ch, typically with shifts ofless than 12 nm. For 1-3 and 7-9, the Amax are

either equal to or lower than in CH2Ch, possibly reflecting less interaction between the

molecules and the substrate, resulting in slightly larger band gaps. TPEB 4 shows a

charge transfer band potentially red-shifted by a few nm, but as in all ortho isomers, the

band overlaps with the next highest band, making the exact determination of the Amax

difficult. TPEB 5, however, displays an 18 nm red-shift relative to CH2Ch. TPEB 6

exhibits a band ca. 10 nm blue-shifted from CH2Ch, but also shows an additional

anomalous band at 495 nm. Additional solid-state samples of 6 also showed this band.

While not an artifact, we are currently at a loss to explain this origin of this new peak.
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Figure 10. Absorption (left) and nonnalized emission (right) spectra of drop-cast films of

1-9.
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Table 6. Electronic absorption and emission data for films ofTPEBs 1-9.

cmpd Lowest Energy Abs Em Amax(nm) Stokes shift

Amax(nm)

1 405 534 129

2 427 527 100

3 438 538 100

4 422 540 118

5 451 539 88

6 446,495 556 110,61

7 415 529 114

8 437 539 102

9 452 525 73

The emission spectra of the thin films consistently display maxima between 5 and

16 nm blue-shifted from those in CH2Ch, with the exception of7, with an emission Amax

almost halfway between CH2Ch and benzene and an additional shoulder around 487 nm,

and 9, which is significantly blue-shifted from benzene. As a group, the aryl perfluoride

acceptor compounds 7-9 exhibit the most consistent blue-shifting relative to solvent

spectra, implying the least amount of surface interaction of the systems examined here.

Self-Association. As stated above, aggregation of the TPEB skeleton in solution

requires enforced planarization to the corresponding

bis(dehydrobenzoannuleno)benzenes. In prior studies, bisDBAs 22-26 were observed to

exhibit significant aggregation due to pi-stacking and dipole-dipole attraction between

donor and acceptor rings, which resulted in dramatic (over 1 ppm) upfield shifts of 1H

NMR signals with increasing concentration and association constants of up to K2 = 5000
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M-1
•
1
b In the case of26, the molecule rapidly decomposed in deacidified CDCh, possibly

due to topochemical diacetylene polymerization induced by the strong association?O

Similar experiments show that 16-21 do not display such extreme behavior, exhibiting

only relatively small (0.005-0.249 ppm, average 0.06 ppm) proton shifts over a several

hundred-fold concentration gradient (0.27-9.9 mM). We calculated the association

constants for the protons of DBA 19 as the most dramatic example (Figures 11, see also

Figure 14),21 assuming that the monomer-dimer equilibrium was the predominant

process as was the case in 22-26. The small values (Table 7) likely reflect both a much

smaller degree of intermolecular attraction as well as much greater solvent interaction

relative to 22-26. Unlike 26, 16-21 are completely stable to polymerization when left in

CDCh solution for several days. It is likely that the weaker acceptor groups cannot

induce the degree of aggregation necessary for decomposition/polymerization. This

greater stability implies better processability for materials based on inductive -CF3

acceptors versus strong resonance acceptors, although a larger optical band gap is

achieved.
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Figure 11. Concentration-dependent chemical shifts of the aromatic protons of DBA 19 

in CDCh at 20°C. 

Table 7. Calculated association constants K2 (M-I
) of DBA 19 protonsa in CDCh at 20 

204 ± 11 170 ± 35 162 ± 20 236± 78 161 ± 54 178 ± 36 137±51 

a Protons labeled in Figure 11. bValues calculated using the methods described in 

reference 21. 

Conclusions 

Two-dimensional donor/acceptor tetrakis(phenylethynyl)benzenes 1-9 and 

bis(dehydro-benzoannuleno)benzenes 16-21 have been prepared. The fluorinated 

acceptor groups, while weaker than previously-reported nitrile- or nitro-functionalized 
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analogues 10-15 and 22_26,la,b,d lead to strongly fluorescent intramolecular charge

transfer. TPEBs 1-9 display band gaps very near 10-15, while retaining high fluorescence

quantum yields for relatively small chromophores, providing unique and promising

candidates for nonlinear optical device materials.6 The inductive -CF3 acceptor group is

quite effective at participating in ICT behavior, despite the lack of a formal resonance

pathway for full conjugation. This may imply that electronic transitions with both n-n*

and formal charge transfer characteristics dominate, producing a "best of both worlds"

situation that could be exploited in materials design.7
,21,22 The bis -eF3 acceptors show

significant bathochromic shifts relative to a single -CF3 group, demonstrating the

cumulative effect of acceptor strength and "acceptor density." The pentafluorophenyl

acceptor TPEBs show the most red-shifting of absorption and emission wavelengths, and

approach the benzonitrile and nitrophenyl systems in terms of band gap narrowing

ability. In thin films, on the other hand, their spectra indicate the least amount of substrate

interaction of the compounds studied herein.

BisDBAs 16-21 represent planarized versions offluorophores 1-3, with enhanced

conjugation efficiency from greater n-orbital overlap, and accordingly smaller optical

band gaps. They exhibit higher quantum yields and greater solution stability than our

previously examined D/A DBAs. Additionally, the full isomer/ring size array is

accessible in 16-21, whereas the nitro analogue of 18 could not be isolated.

Our results support findings by Diederich et al.15 questioning the utility ofUVNis

data alone as a measure of conjugation pathway efficiency. One possible explanation for

the lower experimental band gaps in the systems with bent charge transfer pathways is
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that fundamentally different transitions dominate in the quadrupolar chromophores,

causing dramatically different optical behavior than is observed in the dipolar

analogues.6c It may be that the HOMO-LUMO transition is in fact not the lowest energy

transition for these molecules. On the other hand, Stokes shift seems well correlated to

conjugation pathway efficiency, with the ortho isomers displaying the highest values, and

(presumably) the highest ground state net dipoles.

The effectiveness of the -eF3 acceptor has led us to investigate its utility in further

studies involving modification of the donor group to one containing a meta electron

transport pathway. Donor/acceptor systems with such geometries have been shown to

possess intriguing potential as unidirectional one-electron wires for use in solar

electrochemical cells17,23 and provide insight into excited-state behavior. l8f,24 The results

of these new studies will be reported in due course.

Experimental

General Methods. These are described in reference 1b and Chapter I.

General Alkyne Coupling Procedure A. Haloarene (l equiv) and TMSA (1.5 equiv

per transformation unless otherwise noted) were dissolved in iPr2NH:THF (I: 1, 0.05 M)

and the solution purged for 30 min with bubbling Ar. Pd(PPh3)4 (0.03 equiv per

transformation) and CuI (0.06 equiv per transformation) were added and the solution was

purged another 20 min. The reaction mixture was stirred at 65 DC for 12-48 h under an Ar

atmosphere. Upon completion, the mixture was concentrated and filtered through a pad of
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silica gel eluting with hexanes. The solvent was removed in vacuo and the crude material

was used without further purification.

General Alkyne Coupling Procedure B. Acceptor haloarene (3 equiv per

transformation unless otherwise noted) and KOH (aq, 50 wt %, 10 equiv) were dissolved

in iPr2NH:THF (l: 1, 0.03 M) and the solution was purged for 30 min with bubbling Ar.

Pd(PPh3)4 (0.03 equiv per transformation) and CuI (0.06 equiv per transformation) were

added and the solution was purged another 20 min. Trimethylsilyl-protected diyne (l

equiv) was purged in THF solution for 50 min with bubbling Ar, and then injected via

syringe pump into the stirred haloarene solution over 12 hat 65°C under an Ar

atmosphere. The reaction mixture was stirred an additional 12-48 h until complete by

TLC. The mixture was then concentrated, rediluted with CH2Ch, and filtered through a

pad of silica gel. The solvent was removed in vacuo and the crude material was purified

by column chromatography.

General Alkyne Coupling Procedure C. Acceptor segment 31 (2.3 equiv) and the

appropriate isomer of dibromodiiodobenzene (1 equiv) were dissolved in

iPr2NH:THF:MeOH (3:3:1, 0.003 M) and the solution was purged for 30 min with

bubbling Ar. PdCh(PPh3)2 (0.03 equiv per transformation), CuI (0.06 equiv per

transformation) and K2C03 (8 equiv per transformation) were added and the solution was

purged another 20 min. The reaction mixture was stirred at room temperature for 24-48 h

under an Ar atmosphere until complete by TLC. The mixture was then concentrated,

rediluted with hexanes, and filtered through a pad of silica gel. The solvent was removed

in vacuo and the crude material was used without further purification.
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General Alkyne CoupJing Procedure D. Acceptor-functionalized tetrayne,

PdCh(PPh3)2 (0.03 equiv per transformation), and CuI (0.06 equiv per transformation)

were dissolved in iPr2NH:THF (1:1, 0.008 M) and the solution was purged for 30 min

under bubbling Ar. Diyne 331b (2.3 equiv) was dissolved in THF (0.04 M), the solution

was purged for 30 min under bubbling Ar, and then injected via syringe pump into the

stirred polyyne solution over 8 hat 55°C under an Ar atmosphere. The reaction was

stirred an additional 12-24 h until complete by TLC. The mixture was then concentrated,

rediluted with hexanes:CH2Ch (4: 1), and filtered through a pad of silica gel. The solvent

was removed in vacuo, and the crude material was purified by column chromatography.

General Pd-catalyzed CycJization Procedure E. Annulene precycle was dissolved

in THF, EhO and MeOH (2:1:0.01, 0.005 M) and B14NF (TBAF, 1.0 M soln in THF, 10

equiv) was added. The solution was stirred at room temperature until complete by TLC

(typically <1 h). The reaction mixture was then concentrated, dissolved in Et20, and

washed with H20 (3 x 50 mL). The organic phase was collected, dried over MgS04, and

filtered through a pad of silica gel eluting with hexanes. The solvent was removed in

vacuo and deprotected precycle was dissolved in THF (0.005 M). PdCh(dppe) (0.1 equiv

per transformation), CuI (0.2 equiv per transformation), and h (0.25 equiv per

transformation) were dissolved in iPr2NH:THF (1.4:1, ~0.5 L per mmol precycle). To this

mixture, the deprotected precycle solution was injected via syringe pump over 40 h at 60

°C. The reaction mixture was stirred until complete by TLC, then concentrated, rediluted

in hexanes:CH2Ch (4: 1) and filtered through a pad of silica gel. The solvent was removed

in vacuo and the product was triturated with hexanes.
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General Cu-mediated Cyclization Procedure F. Annulene precycle was dissolved

in THF, EhO and MeOH (2:1:0.01, 0.005 M) and TBAF (1.0 M soln in THF, 10 equiv)

was added. The solution was stirred at room temperature until complete by TLC

(typically <1 h). The reaction mixture was then concentrated, dissolved in Et20, and

washed with H20 (3 x 50 mL). The organic phase was collected, dried with MgS04, and

filtered through a pad of silica gel eluting with hexanes. The solvent was removed in

vacuo and deprotected precycle was dissolved in pyridine (0.005 M). Cu(OAch (12.5

equiv per transformation), and CuCI (10 equiv per transformation) were dissolved in

pyridine:MeOH (1.5:1, ~2.5 L per mmol precycle). To this mixture, the deprotected

precycle solution was injected via syringe pump over 40 h at 60°C. The reaction mixture

was stirred until complete by TLC, then concentrated, rediluted in hexanes:CH2Ch (4: 1)

and filtered through a pad of silica gel. The solvent was removed in vacuo and the

product was triturated with hexanes.

1,2-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-4,5-bis[(4'-trifluoromethy]phenyl)

ethynyl]benzene (1). TMSA (22 mg, 0.22 mmol) was coupled to 1,2-dibromo-4,5

bis[(4'-N,N-dibutylaminophenyl)ethynyl]benzene1c (50 mg, 0.073 mmol) using general

procedure A. The resulting red oil was coupled to 4-bromobenzotrifluoride (83 mg, 0.37

mmol) using general procedure B. The crude material was concentrated in vacuo and

chromatographed on silica gel (7:3 hexanes:CH2Ch) to yield 1 (51 mg, 80%) as a dark

red oil. I H NMR (CDCh): 8 7.71 (s, 2H), 7.61-7.65 (m, 8H), 7.42 (d, J= 9.0 Hz, 4H),

6.59 (d, J= 9.0 Hz, 4H), 3.30 (t, J= 7.8 Hz, 8H), 1.60 (quin, J= 7.5 Hz, 8H), 1.39 (sext,

J= 7.8 Hz, 8H), 0.98 (t, J= 7.8 Hz, 12H). l3C NMR (CDCh): 8148.6, 134.9, 133.5,
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132.1, 130.7, 130.2, 127.2, 126.8, 125.7, 123.5, 111.4, 108.6,98.3,93.3,90.3,86.2,51.0,

29.6,20.6, 14.3. IR (NaCl): v 3059, 2196, 1772, 1648, 1605, 1519 cm-I. MS (APCI): m/z

([isotope], %) 871.4 (M+[2 I3C], 30), 870.4 (M+[I3C], 55), 869.4 (M+, 100). UV (CH2Clz)

Amax (log E): 377 (4.79), 407 (sh, 4.70). Em. Amax: 544.

1,5-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-2,4-bis[(4'-trifluoromethylphenyl)

ethynyl]benzene (2). TMSA (77 mg, 0.79 mmol) was coupled to 1,5-dibromo-2,4-

bis([4' -N,N-dibutylamino]phenylethynyl)benzeneIC (181 mg, 0.26 mmol) using general

procedure A. The resulting red oil was coupled to 4-bromobenzotrifluoride (590 mg, 2.6

mmol) using general procedure B. The crude material was chromatographed on silica gel

(3:2 hexanes:CH2Clz) to yield 2 (181 mg, 80%) as a bright yellow solid. Mp: 118-120 °C.

IH NMR (CDCh): 8 7.72-7.59 (m, 10H), 7.39 (d, J= 9.0 Hz, 4H), 6.58 (d, J= 9.0 Hz,

4H), 3.31 (t, J = 7.2 Hz, 8H), 1.60 (quin, J = 7.5 Hz, 8H), 1.38 (sext, J = 7.8 Hz, 8H),

0.98 (t, J= 7.8 Hz, 12H). I3C NMR (CDCh): 8148.6, 135.3, 134.2, 133.4, 132.5, 127.5,

127.4, 126.1, 125.6, 125.5, 122.9, 111.4, 108.3,98.5,93.3,90.7,86.1,51.0,29.6,20.6,

14.3. IR (NaCI): v 2187, 1596, 1519 em-I. MS (APCI): m/z ([isotope], %) 871.3

(M+[2 I3C], 15),870.5 (M+e3C], 65),869.2 (M+, 100). UV (CH2Clz) Amax (log E): 380

(4.74),427 (4.79). Em. Amax: 541.

l,4-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-2,5-bis[(4'

trifluoromethylphenyl)ethynyl]benzene (3). TMSA (130 mg, 1.3 mmol) was coupled to

diyne 16Ic (304 mg, 0.44 mmol) using general procedure A. The resulting red oil was

coupled to 4-bromobenzotrifluoride (990 mg, 4.4 mmol) using general procedure B. The

crude material was chromatographed on silica gel (4:1 hexanes:CH2Clz) to yield 3 (255
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mg, 67%) as a bright yellow solid. Mp: 125-127 °C (dec). IH NMR (CDC!): 87.71 (s,

2H), 7.60-7.70 (m, 8H), 7.40 (d, J = 8.4 Hz, 4H), 6.60 (d, J = 8.4 Hz, 4H), 3.32 (t, J = 7.5

Hz, 8H), 1.61 (quin, J= 6.6 Hz, 8H), 1.39 (sext, J= 7.2 Hz, 8H), 1.00 (t, J= 7.2 Hz,

12H). BC NMR (CDC!): 8 148.6, 134.8, 133.4, 132.2, 127.4, 125.9, 125.6, 125.5, 124.6,

111.5, 108.4,98.0,93.6,90.8,86.0,51.0,29.7,20.6, 14.3. lR (NaCl): v 2197, 1602,

1519, em-I. MS (APCl): m/z([isotope], %) 871.3 (M+[2BC], 18), 870.5 (M+[I3C], 62),

869.2 (M+, 100). UV (CH2Ch) Amax (log E): 383 (4.64),440 (4.48). Em. Amax: 546.

1,2-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-4,5-bis[(3',5'

bis(trifluoromethyl)phenyl)-ethynyl]benzene (4). TMSA (91 mg, 0.93 mmo1) was

coupled to 1,2-dibromo-4,5-bis[(4' -N,N-dibutylaminopheny1)ethyny1]benzenelc (214 mg,

0.31 mmo1) using general procedure A. The resulting red oil was coupled to 3,5

bis(trifluoromethy1)bromobenzene (908 mg, 3.1 mmo1) using general procedure B. The

crude material was chromatographed on silica gel (4: 1 hexanes:CH2Ch) to yield 4 (130

mg, 42%) as a dark red oil. IH NMR (CDC!): 87.93 (s, 4H), 7.84 (s, 2H), 7.72 (s, 2H),

7.43 (d, J= 9.0 Hz, 4H), 6.60 (d, J= 9.0 Hz, 4H), 3.31 (t, J= 7.8 Hz, 8H), 1.60 (quin, J=

7.5 Hz, 8H), 1.39 (sext, J= 7.5 Hz, 8H), 0.97 (t, J= 7.5 Hz, 12H). BC NMR (CDC!): 8

148.6, 134.9, 133.6, 132.7, 132.2, 131.5, 127.4, 125.5, 124.9, 122.8, 122.3, 111.4, 108.4,

98.9,91.7,91.1,86.1,51.0,29.6,20.6,14.3. lR (NaCl): v 2196,1608,1605,1526 em-I.

MS (APCl): m/z ([isotope], %) 1007.3 (M+[2 I3C] ,21), 1006.3 (M+[I3C], 65), 1005.3 (M+,

100). UV (CH2Ch) Amax (log E): 380 (4.88), 410 (sh, 4.78). Em. Amax: 556.

1,5-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-2,4-bis[(3' ,5'

bis(trifluoromethyl)phenyl)-ethynyl]benzene (5). TMSA (94 mg, 0.96 mmo1) was
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coupled to 1,5-dibromo-2,4-bis([4' -N,N-dibutylamino]phenylethynyl)benzenelc (220 mg,

0.32 mrnol) using general procedure A. The resulting red oil was coupled to 3,5

bis(trifluoromethyl)bromobenzene (931 mg, 3.2 mrnol) using general procedure B. The

crude material was chromatographed on silica gel (4:1 hexanes:CH2Cb) to yield 5 (127

mg, 40%) as a bright yellow solid. Mp: 173-175 °C. IH NMR (CDC!]): 8 8.02 (s, 4H),

7.83 (s, 2H), 7.72 (s, 1H), 7.67 (s, 1H), 7.39 (d, J= 8.4 Hz, 4H), 6.58 (d, J= 8.4 Hz, 4H),

3.30 (t, J= 7.5 Hz, 8H), 1.57 (quin, J= 7.8 Hz, 8H), 1.40 (sext, J= 7.2 Hz, 8H), 0.98 (t, J

= 7.2 Hz, 12H). l3C NMR (CDC!]): 8 148.8, 135.2, 133.8, 133.3, 132.5, 131.8, 128.3,

125.9, 125.0, 122.2, 121.6, 111.5, 107.9,99.4,91.7,91.5,85.9,51.0,29.6,20.5, 14.2. IR

(NaCl): v 2186,1596,1662,1601,1580 em-I. MS (APCI): m/z([isotope], %) 1007.3

(M+[2 l3C], 17), 1006.3 (M+[l3C], 53), 1005.3 (M+, 100). UV (CH2Cb) Amax (log 8): 384

(4.55),435 (4.60). Em. Amax: 552.

1,4-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-2,5-bis[(3',5'

bis(trifluoromethyl)phenyl)-ethynyl]benzene (6). TMSA (83 mg, 0.84 mmol) was

coupled to 161(193 mg, 0.28 mmol) using general procedure A. The resulting red oil was

coupled to to 3,5-bis(trifluoromethyl)bromo-benzene (410 mg, 1.4 mmol) using general

procedure B. The crude material was chromatographed on silica gel (5:1

hexanes:CH2Cb) to yield 6 (61 mg, 22%) as a bright yellow solid. Mp: 165-167 °C. IH

NMR (CDC!]): 8 8.02 (s, 4H), 7.84 (s, 2H), 7.71 (s, 2H), 7.39 (d, J= 9.0 Hz, 4H), 6.58

(d, J= 9.0 Hz, 4H), 3.30 (t, J= 8.1 Hz, 8H), 1.59 (quin, J= 9.3 Hz, 8H), 1.37 (sext, J=

7.8 Hz, 8H), 0.98 (t, J= 7.8 Hz, 12H). 13C NMR (CDC!]): 8148.7, 134.5,133.2, 132.1,

131.8, 126.0, 125.0, 124.4, 122.0, 121.4, 111.5, 107.9,98.6,91.9,91.7,85.7,51.0,29.5,
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20.5, 14.2. lR (NaCl): v 2200, 1601, 1519 em-I. MS (APCl): m/z ([isotope], %) 1006.5

(M+[ l3C], 35), 1005.5 (M+, 100). UV (CH2Ch) "'max (log E): 385 (4.78),456 (4.59). Em.

"'max: 561.

1,2-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-bis-4,5-(2',3',4' ,5' ,6'

pentafluorophenyl-ethynyl)benzene (7). TMSA (28 mg, 0.28 mmol) was coupled to

1,2-dibromo-4,5-bis[(4'-N,N-dibutylaminophenyl)ethynyl]benzenelc (66 mg, 0.095

mmol) using general procedure A. The resulting red oil was desilylated by dissolving in

THF:MeOH (5:1, 20 mL) with KOH (27 mg, 004 mmol) and stirring for 2 h. The red

solution was concentrated in vacuo and filtered through a pad of silica with CH2Ch. After

reconcentration, the red oil was immediately coupled to pentafluoroiodobenzene (139

mg, 0047 mmol) using general procedure B with omission ofKOH in the reaction mixture

and injection of the deprotected alkyne over 18 h at 45°C. The crude material was

chromatographed on silica gel (5:1 hexanes:CH2Ch) to yield 7 (38 mg, 43%) as a bright

yellow-orange solid. Mp: 130-170 °C (dec). IH NMR (CDC!)): () 7.74 (s, 2H), 7042 (d, J

= 9.0 Hz, 4H), 6.59 (d, J= 9.0 Hz, 4H), 3.30 (t, J= 7.5 Hz, 8H), 1.59 (quin, J= 9.3 Hz,

8H), 1.37 (sext, J = 7.5 Hz, 8H), 0.97 (t, J = 7.5 Hz, 12H). l3C NMR (CDC!]): () 148.6,

145.6,143.3,136.3,135.1,133.5,129.0,127.6,122.3, 11104,10804,100.3,99.0,86.1,

78.5,51.0,29.6,20.6, 14.3. lR O'laCl): v 2280, 2200, 1729, 1691, 1645, 1611, 1554,

1512 em-I. MS (APCl): m/z ([isotope], %) 914.0 (M+[2 l3C], 20),913.5 (M+[I3C], 50),

912.2 (~, 100). UV (CH2Ch) "'max (log E): 383 (4.83),423 (4.75). Em. "'max: 556.

1,5-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-bis-2,4-(2',3' ,4' ,5' ,6'

pentafluorophenyl-ethynyl)benzene (8). TMSA (97 mg, 0.99 mmol) was coupled to
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1,5-dibromo-2,4-bis[(4' -N,N-dibutylaminophenyl)ethynyl]benzenelc (228 mg, 0.33

mmol) using general procedure A. The resulting red oil was desilylated by dissolving in

THF:MeOH (5:1, 40 mL) with KOH (93 mg, 1.65 mmol) and stirring for 2 h. The red

solution was concentrated in vacuo and filtered through a pad of silica with CH2Ch. After

reconcentration, the red oil was immediately coupled to pentafluoroiodobenzene (485

mg, 1.63 mmol) using general procedure B with omission of KOH in the reaction mixture

and injection of the deprotected alkyne over 18 hat 45°C. The crude material was

chromatographed on silica gel (5:1 hexanes:CH2Ch) to yield 8 (126 mg, 42%) as a bright

yellow solid. Mp: 130-170 °C (dec). I H NMR (CDCh): 87.76 (s, IH), 7.71 (s, IH), 7.39

(d, J= 8.7 Hz, 4H), 6.59 (d, J= 8.7 Hz, 4H), 3.30 (t, J= 7.2 Hz, 8H), 1.59 (quin, J= 7.5

Hz, 8H), 1.39 (sext, J = 7.5 Hz, 8H), 0.97 (t, J = 7.5 Hz, 12H). l3C NMR (CDCh): 8

148.7, 133.6, 132.3, 131.4, 130.8, 128.2, 125.7, 125.0, 121.1, 111.3, 110.4, 103.5,97.0,

92.1,89.8,85.7,50.9,29.5,20.5,14.2. IR (NaCl): v 2276, 2192, 1730, 1696, 1642, 1558

ern-I. MS (APCI): m/z ([isotope], %) 915.0 (M+ [2 l3C], 22), 914.5 (M+[l3C], 49), 913.2

(M+, 100). UV (CH2Ch) Amax (log 8): 383 (4.51),438 (4.60). Ern. Amax: 555.

l,4-Bis[(4'-N,N-dibutylaminophenyl)ethynyl]-2,5-bis(2',3',4',5',6'

pentafluorophenylethynyl)benzene (9). TMSA (94 mg, 0.96 mmol) was coupled to

diyne 161c (221 mg, 0.32 mmol) using general procedure A. The resulting red oil was

desilylated by dissolving in THF:MeOH (5:1, 40 mL) with KOH (90 mg, 1.6 mmol) and

stirring for 2 h. The red solution was concentrated in vacuo and filtered through a pad of

silica with CH2Ch. After reconcentration, the red oil was immediately coupled to

pentafluoroiodobenzene (470 mg, 1.60 rnrnol) using general procedure B with omission
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of KOH in the reaction mixture and injection of the deprotected alkyne over 18 h at 45

DC. The crude material was chromatographed on silica gel (5:1 hexanes:CH2Ch) to yield

9 (100 mg, 35%) as a bright yellow solid. Mp: 130-170 °C (dec). IH NMR (CDC!)): ()

7.72 (s, 2H), 7.38 (d, J= 9.0 Hz, 4H), 6.58 (d, J= 9.0 Hz, 4H), 3.30 (t, J= 7.5 Hz, 8H),

1.59 (quin, J= 8.1 Hz, 8H), 1.38 (sext, J= 7.5 Hz, 8H), 0.97 (t, J= 7.5 Hz, 12H). l3C

NMR (CDC!)): () 149.5, 148.5, 146.9, 139.5, 135.5, 133.5, 125.5, 123.8, 111.2, 111.2,

108.3, 100.2,98.6,85.4, 78.4, 50.9, 29.6, 20.6, 14.2. IR (NaCl): v 3014, 2281, 2187,

1728, 1689, 1575, 1571, 1524 em-I. MS (APCI): m/z ([isotope], %) 915.5 (M+[2 13C], 16),

914.5 (~e3C], 50), 913.2 (M+, 100). UV (CH2Ch) Amax (log E): 385 (4.74),462 (4.56).

Em. Amax: 563.

Acceptor triazene 29. Aniline 28 (6.71 g, 23 mmol) and CH3CN (5 mL) was cooled

in an ice salt bath to -5°C and cone. HCI (21 mL) was added dropwise. A solution

NaN02 (3.85 g, 56 mmol) in H20 (3 mL) was added dropwise maintaining the

temperature below 0 DC. Upon completion, the reaction mixture was stirred at -5°C for

15 min more. In a separate flask, K2C03 (18.3 g, 130 mmol) and piperidine (21.5 g, 302

mmol) were dissolved in CH3CN (110 mL) and H20 (300 mL) and cooled to 0 °C in an

ice salt bath. The reaction mixture was transferred into the basic solution via canula while

maintaining temperature below 5°C, and then left stirring open to air for 12 h while

warming to rt. The mixture was then concentrated and taken up in Et20, then washed

successively with H20, brine solution, and H20 (100 mL each). The organic phase was

dried over MgS04 and filtered through a pad of silica gel eluting with hexanes:CH2Ch

(7:3). The solvent was removed in vacuo to yield 29 (7.4 g, 83%) as an orange oil. IH
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NMR (CDC!)): 0 8.08 (s, 1H), 7.52 (d, 1H, J= 5.1 Hz), 7.45 (d, 1H, J= 5.1 Hz), 3.97 (s,

2H), 3.84 (s, 2H), 1.75 (m, 6H). BC NMR (CDC!)): 0 153.0, 136.4, 136.3, 126.0, 125.9,

117.4,96.0,53.4,44.6,26.7,24.4. IR (NaCl): v 2938,2853, 1600, 1423, 1388, 1320,

1253, 1164, 1118, 1075 em-I. MS (APCI): m/z ([isotope], %) 383.0 (M+, 100),384.0 (M+

[BC],9).

Acceptor iodide 30. Triazene 29 (7.3 g, 19 mmol), PdCh(PPh3)2 (134 mg, 0.19

mmol), and CuI (0.073 g, 0.38 mmol) were dissolved in THF (75 mL) and i-Pr2NH (75

mL), and the solution was purged with bubbling Ar for 30 min. TIPSA (6.4 mL, 29

mmol) was injected via syringe, and the reaction mixture was left stirring 24 h at room

temperature under an atmosphere of Ar. The reaction mixture was then concentrated,

rediluted in hexanes:CH2Ch (2: 1) and filtered through a pad of silica gel. The solvent was

removed in vacuo, and the crude material was redissolved in Mel (30 mL). The solution

was stirred for 72 hat 155°C in a high pressure reaction vessel. The reaction mixture

was then cooled, concentrated, rediluted in hexanes:CH2Ch (4: 1) and filtered through a

pad of silica gel. The solvent was removed in vacuo to yield 30 (6.4 g, 74%) as a red oil.

IH NMR (CDC!)): 7.96 (d, 1H, J= 9.0 Hz), 7.68 (d, 1H, J= 2.7 Hz), 7.20 (dd, 1H, J=

9.0,2.7 Hz), 1.17 (s, 21H). BC NMR (CDC!)): 0 139.6, 131.3, 129.7, 125.7, 106.9, 105.4,

98.0,90.5,81.8, 18.9, 11.5. IR (NaCl): v 2952, 2889, 2160, 1597, 1565, 1462, 1395,

1328, 1280, 1252, 1209, 1177, 1126, 1082 em-I. MS (APCI): m/z ([isotope], %) 452.4

(M+, 100),453.3 (M+ [BC], 31).

Acceptor segment 31. lodoarene 30 (6.4 g, 14 mmol), PdCh(PPh3)2 (390 mg, 0.56

mmol), and CuI (0.11 g, 1.1 mmol) were dissolved in THF (100 mL) and iPr2NH (100
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mL), and the solution was purged with bubbling Ar for 30 min. TMSA (4 mL, 28 mmol)

was injected via syringe, and the reaction mixture was stirred 24 h at room temperature

under an atmosphere of Ar. The reaction mixture was then concentrated, rediluted in

hexanes:CH2Clz (2:1) and filtered through a pad of silica gel. The solvent was removed in

vacuo to yield 31 (5.6 g, 95%) as a yellow solid. Mp: 65-69 DC. IH NMR (CDC!)): 87.69

(s, 1H), 7.57 (d, 1 H, J= 8.1 Hz), 7.46 (d, 1 H, J= 8.1 Hz), 1.16 (s, 21 H), 0.26 (s, 9H).

BC NMR (CDC!)): 8 133.5, 129.9, 129.3, 126.7, 124.5, 122.0, 104.0, 102.3, 101.5,97.4,

81.8, 18.9, 11.6,0.03. lR (NaCl): v 2955,2944,2890,2865,2156,2058, 1608, 1464,

1406, 1331, 1262, 1248, 1136, 1172 em-I. MS (APCl): m/z ([isotope], %) 422.2 (M+,

100),423.3 (M+ [BC], 56).

Acceptor-functionalized aryl bromide 32. Diyne 31 (200 mg, 0.54 mmol) was

coupled to 1,5-dibromo-2,4-diiodobenzene (100 mg, 0.24 mmol) using general procedure

C to yield 32 (205 mg, 93%) as a yellow solid. Mp: 52-53 DC. IH NMR (CDC!)): 87.92

(s, 1H), 7.77 (s, 2H), 7.74 (s, 1H), 7.67 (d, 2H,J= 8.1 Hz), 7.56 (d, 2H,J= 8.1 Hz), 1.10

(s,42H). BC NMR (CDC!)): 8 137.7, 136.1, 133.2, 132.9, 130.7, 129.9, 128.6, 127.0,

126.1, 124.8, 124.5, 103.7,98.2,92.8,92.0, 18.9, 11.5. lR (NaCl): v 2944, 2890, 2867,

2157, 1614, 1490, 1452, 1382, 1324, 1258, 1200, 1130, 1068 em-I. MS (APCl): m/z

([isotope], %) 931.1 (M+,[279Br], 90), 932.2 (M+ C9Br8IBr], 100),933.2 (M+ [28IBr], 57).

BisDBA precursor 34. Diyne 33 Ib (478 mg, 1.15 mmol) was coupled to tetrayne 32

(446 mg, 0.48 mmol) using general procedure D to yield 34 (555 mg, 73%) as an

amorphous yellow solid. IH NMR (CDC!), 500 MHz): 87.72, (s, 1H), 7.68 (s, 1H), 7.63

(d, 2H, J= 8.0 Hz), 7.44 (d, 2H, J= 8.0 Hz), 7.27 (d, 2H, J= 7.0 Hz), 6.72 (d, 2H, J= 2.5
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Hz), 6.48 (dd, 2H, J= 7.0,2.5 Hz), 3.27 (t, 8H, J= 7.0 Hz), 1.56 (m, 8H, J= 7.5 Hz),

1.35 (m, 8H, J= 7.5 Hz), 0.96 (t, 12H, J= 7.5 Hz). 13C NMR (CDC!)): (5148.0, 135.4,

135.2, 133.8, 133.5, 133.3, 129.7, 129.5, 127.4, 127.1, 126.6, 124.5, 123.6, 115.4, 111.9,

111.6, 111.3, 106.5, 103.9,97.8,96.6,94.3,93.8,92.2,88.6,50.8,29.5, 20.5, 18.9, 14.2,

11.6, 11.5. lR (NaCl): v 2961, 2945, 2885, 2863, 2198, 2150, 1591, 1509, 1470, 1392,

1363, 1322, 1249, 1170, 1132, 1094, 1068 em-I. UV (CH2Ch) Amax (log E): 315 (4.84),

422 (4.62). Em. Amax: 533. MS (APCl): m/z ([isotope], %) 1588.6 (M+, 80), 1589.7 (M+

[13C], 100), 1590.8 (M+ [2 13C], 91).

BisDBA 17. Octayne 34 (220 mg, 0.138 mmol) was cyclized using general procedure

E to yield 17 (82 mg, 62%) as a red solid. Mp: 160-174 °c (dec). IH NMR (CDCb):

(58.34 (s, 1H), 8.27 (s, 1H), 8.03 (d, 2H, J = 7.8 Hz), 7.83 (s, 2H), 7.75 (d, 2H, J = 7.8

Hz), 7.69 (d, 2H, J= 8.7 Hz), 6.78 (s, 2H), 6.76 (d, 2H, J= 8.7 Hz), 3.33 (t, 8H, J= 7.8

Hz), 1.62 (m, 8H, J= 6 Hz), 1.40 (m, 8H, J= 7.8 Hz), 1.00 (t, 12H, J= 7.5 Hz). 13C

NMR (CDC!), 500 MHz): (5 148.0, 134.9, 133.6, 132.8, 129.7, 129.5, 126.3, 126.1, 125.0,

124.0, 123.5, 122.7, 119.9, 115.3, 112.9, 111.5, 111.2,97.7,96.1,93.0,91.5,87.9,83.9,

82.0, 78.9, 51.0,29.5,20.6, 14.3. lR (NaCl): v 2958,2931,2876,2186,2168, 1599,

1531, 1510, 1497, 1456, 1369, 1342, 1315, 1172, 1129 em-I. UV (CH2Ch) Amax (log E):

322 (4.86), 454 (4.68). Em. Amax: 544. MS (APCl): m/z ([isotope], %) 960.2 (M+, 100),

961.2 (M+ [13C], 87), 962.3 (M+ [2 13C], 25).

BisDBA 20. Octayne 34 (220 mg, 0.138 mmol) was cyclized using general procedure

F to yield 20 (77 mg, 58%) as a yellow solid. Mp: 160-170 °c (dec). IH NMR (CDC!)):

(58.64 (s, 1H), 8.25 (s, 1H), 7.75 (s, 2H), 7.62 (d, 2H, J= 8.1 Hz), 7.54 (d, 2H, J= 8.1
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Hz), 7.37 (d, 2H, J= 9.3 Hz), 6.78 (s, 2H), 6.58 (d, 2H, J= 9.3 Hz), 3.28 (t, 8H, J= 6.6

Hz), 1.59 (m, 8H), 1.38 (m, 8H, J= 7.5 Hz), 0.99 (t, 12H, J= 7.2 Hz). 13C NMR (CDCh,

500 MHz): 8148.0,131.7,131.3,130.5,129.7,129.5,129.4,127.7, 126.9, 125.6, 124.8,

122.5, 120.3, 119.5, 115.0, 112.8, 112.2,99.0,98.5,94.2,93.1,83.2,81.9, 79.5, 77.5,

50.9,29.5,20.5, 14.2. IR (NaCl): v 2957, 2932, 2871, 2183, 1593, 1531, 1328, 1292,

1169, 1119, 1063 em-I. UV (CH2Ch) Amax (log 8): 310 (5.17), 4.41 (4.92),466 (4.95).

Em. Amax: 551. MS (APCl): m1z ([isotope], %) 960.3 (M+, 92), 961.1 (M+ [13C], 100),

962.5 (M+ [2 13C], 12).
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Scheme 4. Synthesis ofbisDBAs 16 and 19.
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Acceptor-functionalized aryl bromide 35. Diyne 31 (200 mg, 0.54 mmol) was

coupled to 1,2-dibromo-4,5-diiodobenzene (100 mg, 0.24 mmol) using general procedure

C to yield 35 (177 mg, 92%) as an orange oil. IH NMR (CDC!)): 87.82 (s, 2H), 7.76 (s,

2H), 7.58 (d, J= 8.1, 2H), 7.49 (d, J= 8.1 HZ,2H), 1.12 (s, 42H). l3C NMR (CDC!)):

8136.6, 132.9, 131.1, 133.1, 129.6, 128.7, 126.9, 125.8, 125.3, 124.8, 103.7, 100.2,98.3,

91.8,18.9,11.5. IR (NaCl): v 2952, 2890, 2855, 2723, 2188, 2152,2037,1599,1498,

1456,1405,1362,1320,1250,1200,1169,1130, 1110, 1076,990,917,882,839,754,
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680,572,494 em-I. MS (APCI): m/z ([isotope], %) 931.2 (M+,[279Br], 80), 932.2 (M+

C9Br8IBr], 100), 933.2 (~ [28IBr], 69).

DBA precursor 36. Diyne 33 Ib (132 mg, 0.32 mmol) was coupled to 35 (100 mg,

0.107 mmol) using general procedure D to yield 36 (30 mg, 18%) as a yellow oil. IH

NMR (CDC!]): () 7.73 (s, 2H), 7.69 (s, 2H), 7.57 (d, J= 7.8 Hz, 2H), 7.46 (d, J= 7.8 Hz,

2H), 7.34 (d, J= 9.0 Hz, 2H), 6.72 (d, J= 2.7 Hz, 2H), 6.51 (dd, J= 9.0, 2.7 Hz, 2H),

3.27 (t, J = 7.0 Hz, 8H), 1.35 (quin, J = 7.0 Hz, 8H), 1.10 (sext, J = 7.8 Hz, 8H), 1.08 (s,

84H), 0.96 (t, J= 7.0 Hz, 12H). I3C NMR (CDC!]): () 147.9, 135.6, 134.0, 133.8, 132.9,

130.3, 130.1, 129.5, 127.1, 126.9, 126.7, 124.6, 123.6, 122.7, 115.4, 111.9, 106.6, 103.8,

98.0,96.4,93.9,93.6,92.1,88.9,50.8,29.6,20.5, 18.9, 18.8, 14.2, 11.7, 11.6,11.5. IR

(NaCI): v 2956,2937,2859,2894,2200,2153, 1591, 1533, 1514, 1459, 1366, 1324,

1169, 1122, 1099, 1072,882, 746, 680 em-I. UV (CH2Ch) Amax (log E): 314 (4.74), 385

(4.63),420 (4.65). Em. Amax: 534. MS (APCI): m/z ([isotope], %) 1588.6 (M+, 81), 1589.7

(M+ [l3C], 100), 1590.8 (M+ [2 l3C], 70).

BisDBA 16. Octayne 36 (30 mg, 0.019 mmol) was cyclized using general procedure

E to yield 16 (3 mg, 14%) as a yellow solid. Mp: 150-165 °c (dec). IH NMR (CDC!]):

() 8.35 (s, 2H), 8.07 (d, J= 8.1 Hz, 2H), 7.86 (s, 2H), 7.76 (d, J= 9.0 Hz, 2H), 7.74 (d, J

= 6.6 Hz, 2H), 6.78 (s, 2H), 6.76 (d, J= 9.0 Hz, 2H), 3.34 (t, J= 6.9 Hz, 8H), 1.62 (quin,

J = 7.5 Hz, 8H), 1.40 (sext, J = 7.5 Hz, 8H), 1.00 (t, J = 7.2 Hz, 12H). l3C NMR (CDC!],

500 MHz): () 148.2, 145.4, 143.0, 134.8, 133.7, 132.7, 130.0, 126.5, 125.9, 125.5, 124.6,

123.4, 120.8, 115.0, 112.6, 111.5,97.8,96.0,93.7,91.8,86.5,85.2,81.5, 79.4, 51.0,30.0,

21.0,14.2. IR(NaCI): v 2952,2925,2871,2851,2192,2130,1735,1591,1537,1502,
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1463, 1432, 1397, 1366, 1211, 1169, 1138, 1091,924,847,812 em-I. UV (CH2Ch) Amax

(log 8): 322 (4.97), 424 (4.70), 450 (4.62). Em. Amax: 554. MS (APCl): m/z ([isotope], %)

960.2 (M+, 100),961.1 (M+ [l3C], 58), 962.3 (M+ [2 l3C], 19).

BisDBA 19. Oetayne 36 (33 mg, 0.021 mmo1) was eyelized using general procedure

F to yield 19 (13 mg, 64%) as a yellow solid. Mp: 150-170 °C (dec). IH NMR (CDC!),

500 MHz): () 8.32 (s, 2H), 7.68 (s, 2H), 7.57 (d, J= 8.5 Hz, 2H), 7.35 (d, J= 8.5 Hz, 2H),

7.30 (d, J= 8.0 Hz, 2H), 6.68 (s, 2H), 6.56 (d, J= 8.0 Hz, 2H), 3.27 (t, J= 8.0 Hz, 8H),

1.57 (quin,J=7.0Hz, 8H), 1.41 (sext,J=7.0Hz, 8H), 1.00 (t,J=7.0 Hz, 12H).l3C

NMR (CDC!), 500 MHz): () 148.0, 145.2, 142.4, 141.4, 131.7, 130.8, 129.7, 127.3, 127.2,

125.3, 123.5, 122.6, 120.8, 115.3, 112.9, 112.7,98.6,97.7,94.6,93.3,84.5,80.7,80.2,

76.8,50.9,29.5,20.5, 14.2. lR (NaCl): v 2951, 2917, 2847, 2186, 1736, 1588, 1540,

1496,1468,1394,1369,1331,1306,1259,1223,1170,1126,1078 em-I. UV (CH2Ch)

Amax (log 8): 316 (4.97), 436 (4.73), 474 (4.73). Em. Amax: 550. MS (APCl): m/z

([isotope], %) 960.2 (M+, 100), 961.1 (~[l3C], 78), 962.3 (M+ [2 l3C], 10).
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Scheme 5. Synthesis ofbisDBAs 18 and 21.
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Acceptor-functionalized aryl bromide 37. Diyne 31 (200 mg, 0.54 mmol) was

coupled to 1,4-dibromo-2,5-diiodobenzene (100 mg, 0.24 mmol) using general procedure

C to yield 37 (188 mg, 86%) as a yellow solid. Mp: 156-158 °C. IH NMR (CDCh):

() 7.80 (s, 2H), 7.76 (s, 2H), 7.69 (d, 2H, J= 8.1 Hz), 7.55 (d, 2H, J= 8.1 Hz), 1.14 (s,

42H). BC NMR (CDCh): () 136.7, 133.0, 129.9, 129.8, 128.5, 127.0, 126.6, 124.8, 124.7,
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123.9, 103.9,98.5,94.7,92.1, 18.5, 11.3. lR (NaCl) v 2943,2865,2152, 1608, 1468,

1406, 1327, 1270, 1171, 1130, 1117, 1068,911 em-I. MS (APCl): m/z ([isotope], %)

931.2 (M+,[279Br], 41),932.0 (M+ C9Br8IBr], 100),933.2 (M+ [28IBr], 52).

DBA precursor 38. Diyne 331b (71 mg, 0.17 mmol) was coupled to 37 (54 mg,

0.058 mmol) using general procedure D to yield 38 (36 mg, 37%) as a yellow oil. IH

NMR (CDCh): 07.71 (s, 2H), 7.68 (s, 2H), 7.63 (d, J= 8.1 Hz, 2H), 7.45 (d, J= 8.1 Hz,

2H), 7.28 (d, J= 9.0 Hz, 2H), 6.71 (d, J= 2.7 Hz, 2H), 6.49 (dd, J= 9.0, 2.7 Hz, 2H),

3.27 (t, J = 7.8 Hz, 8H), 1.56 (quin, J = 7.8 Hz, 8H), 1.36 (sext, J =7.8 Hz, 8H), 1.06 (s,

84H), 0.96 (t, J= 7.2 Hz, 12H). 13C NMR (CDCh): 0 147.9, 135.4, 133.8, 133.3, 130.2,

129.9, 129.7, 129.6, 127.0, 126.6, 126.0, 124.9, 124.5, 115.4, 111.9, 111.6, 106.6, 103.9,

97.9,96.2,94.3,93.7,92.5,88.5,50.8,29.5,20.5, 18.9, 14.1, 11.6, 11.5. lR (NaCl):

2956,2939,2861,2890,2205,2156,1595,1513,1327,1323, 1171, 1130,878cm-l
. UV

(CH2Ch) Amax (log 8): 351 (4.69),371 (4.66),435 (4.38). Em. Amax: 539. MS (APCl): m/z

([isotope], %) 1588.6 (M+, 68), 1589.7 (M+ [13C], 100), 1590.8 (M+ [2 13C], 63).

BisDBA 18. Octayne 38 (35 mg, 0.022 mmol) was cyclized using general procedure

E to yield 18 (7 mg, 33%) as an insoluble red solid. Upon isolation this compound

exhibited very poor solubility, thus precluding acquisition of 13C NMR data. Mp: 165

180°C (dec). IH NMR (CDCh, 500 MHz): 0 8.48 (s, 2H), 7.79 (s, 2H), 7.67 (d, J= 8.1

Hz, 2H), 7.60 (d, J= 8.1 Hz, 2H), 7.38 (d, 2H, J= 9.0 Hz), 6.82 (s, 2H), 6.64 (d, J= 2.7

Hz, 2H), 3.31 (m, 8H), 1.53 (m, 8H), 1.40 (m, 8H), 1.00 (m, 12H). lR (NaCl): v 2954,

2923,2847,2180,2136, 1736, 1595, 1497, 1460, 1367 em-I. UV (CH2Ch) Amax (log 8):
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323 (4.77),387 (4.52), 472 (4.50). Em. Amax: 555. MS (APCI): m/z ([isotope], %) 960.0

(M+, 82), 961.1 (M+ [BC], 100),962.1 (M+ [2 l3C], 60).

BisDBA 21. Octayne 38 (l00 mg, 0.0628 mmol) was cyclized using general

procedure F to give 21 (36 mg, 60%) as an insoluble red solid. Upon isolation this

compound exhibited very poor solubility, thus precluding acquisition of l3C NMR data.

Mp: 164-175 °c (dec). IH NMR (CDCh): () 8.47 (s, 2H), 7.78 (s, 2H), 7.70 (d, 2H, J=

8.1 Hz), 7.58 (d, 2H, J= 8.1 Hz), 7.39 (d, 2H, J= 9.3 Hz), 6.80 (s, 2H), 6.63 (d, 2H, J=

9.3 Hz), 3.30 (t, 8H, J= 7.0 Hz), 1.55 (m, 8H), 1.36 (m, 8H, J= 7.2 Hz), 0.99 (t, 12H, J=

6.6 Hz). lR (NaCI) v 2951, 2935, 2874, 2865, 2186, 1590, 1537, 1510, 1310, 1124 em-I.

UV (CH2Ch) Amax (log e): 325 (4.97), 386 (4.64), 477 (4.68). Em. Amax: 558. MS (APCl):

m/z ([isotope], %) 960.2 (M+, 100),961.2 (M+ [l3C], 68), 962.2 (M+ [2 l3C], 47).

Solid-state Optical Measurements. Compounds 1-9 were drop-cast from solutions

in CH2Ch (~1 mM) onto cleaned (70:30 H2S04:H202 solution followed by distilled water

and nitrogen dried) glass microscope cover slides with rt deposition times of~30 s. The

resulting films were placed under vacuum for 1 h to remove residual solvent and were not

annealed. Substrates were cut to fit the spectrophotometers used for the solution-phase

spectra prior to coating and were placed either orthogonal to the detector (for absorption)

or at a 45° angle to the source and detector (for emission). A cleaned, uncoated glass

substrate was used as the blank for the absorption spectra, and displayed no significant

absorption past 300 nm.
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Figure 12. Emission spectra of 16 (left) and 18 (right) in various solvents. Excitation at 365 
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Bridge to Chapter V

Having described the optoelectronic properties ofbis[14] and bis[15]DBAs

functionalized with donor groups and weak acceptor groups and made comparison to

their nitro-functionalized analogues, Chapter V expands the range of study to include 18

membered DBA structures with nitro acceptor groups. These larger systems experience

no ring strain from triple bond distortion, and possess longer chromophore lengths than

the [14] and [15]DBAs. Comparison can also be made to earlier mono[18]DBA systems

prepared in the Haley lab several years ago. The electronic and physical consequences of

fusing a second [18]DBA unit to the molecule and varying the various topologies of

donor/acceptor substitution can lead to important structure-property relationship

correlations, especially having to do with optical band gap, a significant parameter in

nonlinear optical materials design.
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CHAPTER V

CHARGE TRANSFER PATHWAY TOPOLOGY-OPTICAL BAND GAP

CORRELATIONS IN DONORIACCEPTOR-FUNCTIONALIZED

BIS(DEHYDROBENZO[18]ANNULENO)BENZENES

Introduction

This chapter was co-authored with Professor Michael M. Haley, who

conceptualized the project and provided editorial assistance. This chapter includes work

that has been accepted in the Journal ofOrganic and Biomolecular Chemistry (© 2008,

Royal Society of Chemistry).

The last decade has seen a dramatic expansion in the study of a special class of

carbon-rich conjugated macrocycles, dehydrobenzoannulenes (DBAs), due in part to their

demonstrated unique optical, electronics, and materials properties, as well as the

increasing synthetic accessibility of desired molecular topologies and site-specific

functionalization.! These planar phenylacetylenic macrocycles display a host of

intriguing characteristics, including enhanced n-orbital overlap, intermolecular n

stacking, and highly tunable dipole and symmetries? They thus possess potential in a

wide array of applications such as fluorimetric sensing, organic electronics,
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organopolymers, and nonlinear optical (NLO) device components.3 Large DBA

assemblies have been shown to approximate the expected properties of theoretical all

carbon networks graphyne and graphdiyne, and to serve as precursors for nanoporous

materials.4 We have previously reported DBA systems functionalized with electron

donating and accepting groups in a site-specific manner (e.g., Figure lIb) in order to

induce varying degrees of intramolecular charge transfer (ICT),2b and have shown that a

particular DBA structure's two-photon absorption (TPA) cross-section, a key parameter

in third-order NLO materials, is often closely correlated to its lCT optical band gap in the

steady-state one-photon absorption spectrurn.3c
,d Thus, we have sought to elucidate

structure-property relationships in donor/acceptor-functionalized DBAs for the design of

customized NLO materials that also possess high molar extinction coefficients. We have

demonstrated that while chromophore length affects optical band gap for these systems,

the number ofchromophores (defined here as a linear conjugated pathway) affects the

extinction coefficient. lb
,5 To that end, we now present a series of two-dimensional

conjugated quadrupolar bis(dehydrobenzoannuleno)[l8]benzenes (1-7, Figure 2)

functionalized with donor and acceptor groups at their peripheries. It is hoped that

probing the photophysical effects of small variations in functional group orientation and

conjugated charge transfer pathway topology will lead to an improved understanding of

structure-property relationships, with the ultimate application toward the rational design

of the next generation of organic electronics.
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R = Dec, H, NBu2' N02 

Figure 1. Previously studied mono[18]DBAs with various conjugated pathways a_d 1b and 

target bis[18]DBAs with conjugated pathways a-e. 

BisDBAs 1-7 represent an expansion of our previous work on donor/acceptor

functionalized mono[18]DBAs. 1b The fusion of two chromophore units into one molecule 

is expected to lead to similar optical band gaps in the absorption spectrum, but with 

higher molar extinction coefficients. Of the six target molecules, only 2 and 6 contain an 

element of asymmetry and posses a net dipole. Furthermore, 1 is an all-donor analogue, 

and is believed to exhibit only non-leT 1t-1t* excitations.2b These molecules thus 

represent good targets for comparison to 3-5 and 7. 



Figure 2. Target Bis[18]DBAs 1-7.

Results and Discussion

Synthesis. Synthesis of 1-7 is accomplished using a highly modular approach

based on successive palladium-catalyzed Sonogashira cross-coupling reactions.

Donor/acceptor-alkyne segments 8-11 (Figure 3, described previouslylb,c) can be

appended to 1,2,4,5-tetraiodobenzene (e.g., Scheme 1) or an appropriate isomer of

dibromodiiodobenzene (e.g., Scheme 2) using our selective in situ desilylationlcross-

269
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soupling protocol. Undesired dimerization of the alkyne segments can be avoided to

varying degrees of success by slowly injecting a solution of the segment into the reaction

mixture over a period of 8-12 h. Further desilylation followed by an oxidative

intramolecular homocoupling under palladium-catalyzed aerobic conditions furnishes the

corresponding bis[18]DBA in a wide range of yields (Table 1). It is believed that the

variation in isolated yield is due to a significant degree ofintermolecular oligomerization.

Certain topologies (2 and 3) have proven unstable, and rapidly decompose in solution.

Consequently, only small amounts of these isomers could be prepared. This behavior was

also observed for several ofour smaller bis[14]- and bis[15]DBAs2b with similar

donor/acceptor topologies (to such an extent that the 14-membered analogue of3 could

not be isolated at all), and is believed to be due to an uncontrolled topochemical 1,3

diacetylene polymerization promoted by strong intermolecular self-association and 1t

stacking (vide infra). The extreme insolubility of2 and 3 also precludes extensive

chromatographic purification; trituration of the crude product with THF has been found

to be the only viable alternative. With these limitations in mind, 4-7 were assembled

specifically to increase the donor/acceptor pathways and to avoid the strong polarization

that leads to this degradative polymerization. The additional alkylamino groups also

greatly increase solubility. Due to anticipated synthetic and solubility issues, an all

acceptor analogue was not pursued. DBAs 4-7 are both soluble and stable in CH2Clz and

CHC!], and do not undergo decomposition even when left in solution for several days.



8 R1 =NBu2, R2 = H
9 R1 =N02, R2 =H
10 R1 = NBu2, R2 = N02
11 R1 = N02, R2 = NBu2

Figure 3. Differentially silylated donor/acceptor alkyne segments 8_11. 1b
,c

Scheme 1. Synthesis of DBA 1.
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KOH(aq), Pd(PPha)4,
CUI, THF, i-Pr2NH

8
I~I 55°C

+ ~ ..
I I 94%

1. TBAF, THF, Et20, MeOH
2. Pd(dppe)CI2, Cui, 12,
THF, i-Pr2NH, 55°C

82%



Scheme 2. Synthesis ofDBA7.

272

11
Br~1

+ M,
I Br

KOH(aq), Pd(PPh3)4,
CuI, THF, i-Pr2NH

•
87%

10, KOH(aq), Pd(PhCNhCI2,
P(t-BuhHBF4,

CuI, THF, i-Pr2NH, 55°C

•
63%

R1 =N02, R2 =NBu2
R3 = NBu2' ~ = N02

13

1. TBAF, THF, Et20, MeOH
2. Pd(dppe)CI2, Cui, 12,
THF, i-Pr2NH, 65°C
--------i.~ 7

66%

Table 1. Yields for alkyne segment couplings and cyclization to DBAs 1-7.

arene 1st coupled segment (pdt, 2nd coupled segment (pdt, DBA
yield) yield) (yield)

l:eel 8 (12, 94%) 1 (82%)
I ~ I 10 (15, 70%) 4 (60%)

11 (16, 92%) 5 (49%)
Br)Cc.Br 9(17,86%) 8 (18, 18%) 2 (10%)

J ~ I 11 (19, 78%) 10 (20, 21 %) 6 (19%)

Br:o::;l 9 (21, 71%) 8 (22, 24%) 3(9%)
I ~ Br 11 (13, 87%) 10 (14,63%) 7 (66%)
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Electronic Absorption Spectra. The UV-visible absorption spectra of 1-7 are

given in Figure 4. All compounds display longest-wavelength absorption maxima

between 450 and 520 nm (Table 2). With the exception oftetradonor 1, all contain strong

donor/acceptor functionalization. Frontier molecular orbital plots ofthese types of

systems consistently predict strong localization ofthe HOMO on the donor

functionalized alkyne chromophore segments and the LUMO on the acceptor segments,

implying intramolecular charge transfer as the lowest energy transition?,3a The low,

broadened peaks in this region for 2-7, often accompanied by bathochromic shifts relative

to 1, are indicative ofICT behavior and are consistent with our previous DBA studies. In

all compounds, conversion from the acyclic precursors to the corresponding bisDBA

results in a bathochromic shift in the absorption spectra (example spectra, Figure 5). This

is likely due to an enhanced conjugation effect from the enforced planarization. It is

notable that for DBAs 1 and 4, with donor groups situated along the longest linear

chromophore path, cyclization causes an increase in molar extinction coefficient in the

longest wavelength band in addition to a bathochromic shift, whereas in the other systems

a corresponding decrease is seen. This is presumably due to enhanced ICT and

delocalization in the planarized macrocycles.



274 

140000 140000
 

120000
 120000 -4 
-1 -6 
-2 100000~10oooo -6 
-3 E 7) 80000 0 

~60000 ~ 
'" 

40000 . 

20000 

oi---r----.-----,-~~::.._
200 300 400 500 600
 

A(nm) A(nm)
 

Figure 4. Electronic absorption spectra of DBAs 1-3 and 4-7 in CH2Ch. 

Table 2. Lowest energy absorptions in 1-7.
 
DBA longest wavelength approximate
 

Amax [nm] (8 [M-Icm- Acutoff[nm]
 
I]) 

600400 500300 

80000 

60000 

40000 

1 481 (94030) 
2 471 (66170) 
3 a517 (12530) 
4 451 (117070) 
5 490 (12680) 
6 a456 (34590) 
7 480 (22870) 
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626 
656 
569 
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571 

aapproximate Amax as band is only a shoulder. 
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Figure 5. Electronic absorption spectra of acyclic precursors 12 and 14 and their 

respective DBAs 1 and 7. 
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Comparing two-donor/two-acceptor DBAs 2 and 3 to tetradonor 1, we see a

significant broadening of the corresponding bands, with absorption cutoffs extending past

600 nm. In the case of3, the lowest discernible band exists as a shoulder beginning near

517 nm, indicating a narrowed optical band gap relative to 1. Interestingly, the ICT band

in 2 is slightly blue-shifted from 1. This was initially a surprising result, since 2 contains

two long, linear conjugated pathways from the donor groups to the acceptor groups; one

might intuitively expect such a topology to exhibit a significantly narrowed band gap.

This result is consistent, however, with previous observations by Meier et al.,6a who also

noted hypsochromic shifts in the absorption spectra of certain extended chromophores

upon strong donor/acceptor functionalization. In those cases, the nearly complete lack of

calculated Franck-Condon overlap actually resulted in predominantly non-HOMO

LUMO transitions as the lowest energy absorptions. Furthermore, Diederich and

coworkers have observed a lack of correlation between optical band gap and conjugated

pathway efficiency for certain donor/acceptor cyanoethynylethene systems~b finding

instead that quadrupolar compounds with bent donor/acceptor pathways (analogous to

pathway c-d in Figure 1) often display smaller band gaps than corresponding dipolar

analogues with linear pathways (path e in Figure 1). Our own systematic structure

property studies involving isomeric permutations of particular acyclic donor/acceptor

motifs have confirmed this phenomenon.2b
,3 Note that 3 is quadrupolar rather than

dipolar, and exhibits the smallest band gap of the DBAs presented here. This property

could potentially have consequences for the future design of organic NLO materials,

particularly those that rely on good two-photon absorption (TPA) parameters. We have
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shown that systems with either symmetric multi-chromophore units or strong

donor/acceptor-functionalization can display particularly high TPA cross-sections. Ic,3c-e

The DBAs presented here, which possess both qualities, are expected to follow suit.

The absorption spectra of the four-donor/four-acceptor DBAs 4-7 provide further

insight into structural effects on band gap. Each of these compounds contains four donor

groups and four acceptor groups; only the orientation of them with respect to the DBA

skeleton varies. Here only 6 possesses a net dipole, while all the others are quadrupolar,

thus allowing us to investigate only the effects of conjugated pathway topology rn the

band gap. It is interesting to note that 4-7 all display absorption cutoffs at nearly the same

wavelength. The most striking feature, however, is the high molar extinction coefficient

in 4, whose spectrum somewhat resembles tetradonor 1. This is not surprising, since the

four donor groups lie along the longest conjugated chromophores as in 1, with the

acceptor groups along the bridging diacetylenes. 5-7 display more characteristic low

intensity ICT bands red-shifted from 4, with 5 possessing the smallest band gap. DBA 5

most resembles a 'tetraacceptor' system, with acceptor groups along the longest

conjugated pathway, and donors along the diacetylene bridges. DBAs 6 and 7 lie in

between these two extremes. In this case, the dipolar DBA 6, which contains only linear

donor-7t-acceptor pathways, is only slightly red-shifted from 4, while 7 (with only two

linear ICT pathways) and 5 (with no linear ICT pathways) are more red-shifted. Thus,

we are led to the conclusion that for these systems, a supposedly 'efficient' linear donor

7t-acceptor conjugated chromophore does not lead to the lowest energy charge transfer

transition.
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Comparing all the spectra of 1-7, we can note that placing like groups along a

longest chromophore (donor-n-donor or acceptor-n-acceptor) results in the smallest band

gaps, with acceptor-n-acceptor arrangements being particularly effective. This makes

sense when considering the likely FMO localizations (which were not computed for these

systems here, but for which there is extensive precedent from our earlier studies1
,2a,3,6):

rather than exhibiting the behavior of a donor atom transferring electron density to an

acceptor atom, the spectra imply a transition from an electron-rich chromophore to an

electron-poor chromophore, wherein two directly conjugated donor groups contribute to

generate the former, and two acceptor groups contribute to the latter. The band gap is

thus more dependent on the length of the linear chromophores, and hence is smaller for

the quadrupolar systems than for the dipolar ones. This "synergistic cooperation" was

also observed for our previously-reported mono[18]DBAs: 1b the smallest band gaps

occurred when a donor was conjugated to a donor and an acceptor to an acceptor. Linear

donor/acceptor pathways exhibited larger band gaps. In those cases, however, the

necessary asymmetry of most of the DBAs could lead to potential skewing from

dissimilar net dipole effects which are not present in most of the bis[18]DBAs presented

here. Finally, our most bathochromic systems here, 3 and 5, display charge transfer bands

with molar extinction coefficients roughly double those ofanalogous mono[l8]DBAs,

but in the same 490-530 nm region. In donor-functionalized systems, the bisDBAs

display both higher extinction coefficients from fusion of a second annulenic unit and

longer wavelength absorptions from extension of the chromophore lengths.
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Electronic Emission Spectra. Many of the DBAs and donor/acceptor systems we

have presented in the past exhibit efficient fluorescence?,3a,b Small structural variations

of the conjugated pathways (e.g., chromophore topology, polarization, planarity, donor or

acceptor strength, protonation or metal ion complexation ability, etc.) can fine-tune both

emission wavelength and quantum yield. In donor/nitro-functionalized systems,

however, the high internal conversion rate caused by mixing ofvibronic states as well as

solvent interaction effectively quenches fluorescence?b The only highly emissive DBA

presented here is therefore tetradonor 1 (<:Dr = 0.34 in CH2Clz). The long, electron-rich

conjugated pathways and the lack of a net dipole likely result in an excited state that is

highly polarized relative to the ground state. The photophysical manifestation of this is a

dramatic degree of fluorescence solvatochromism (Figure 6), with emission maxima

ranging from 486 nm in hexane to 587 nm in acetone. The absorption spectra by contrast

(Table 3), display only slight solvent dependence, implying that the effect is enhanced by

relaxation to increasingly low-lying vibrational levels of the Sl state after initial

excitation (note the gradual loss ofvibronic fine structure in Figure 6 as solvent polarity

increases). In contrast, DBA 4, which also has its donor groups along the longest

chromophores but also acceptors along the diacetylene bridges, is only slightly

fluorescent, displaying jagged, irregular peaks and much less solvent dependence (Figure

7). DBAs 2, 3, and 5-7 do not fluoresce at all. No concentration dependence was noted in

either absorption or emission spectra for any compound.
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Figure 6. Emission spectra of1 in hexanes (Hex), toluene (PhMe), chloroform (CHCl3), 

dichloromethane (DCM), acetonitrile (MeCN), and acetone (Me2CO). Excitation at 365 

nm. Inset: photographs of solutions of 1 in various corresponding solvents (left to right) 

under illumination by high-intensity 365 nm lamp. 

Table 3. Lowest energy absorption and emission wavelengths of 1 in various solvents. 
solvent absorption emission 

Amax (nm) Amax(nm) 
hexanes 466 486 
toluene 471 502 
chloroform 478 522 
dichloromethane 481 551 
acetonitrile 482 575 
acetone 479 587 
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Figure 7. Normalized electronic emission spectra ofDBA 4 in hexanes (Hex) and 

dichloromethane (DCM). Excitation at 358 and 385 nm, respectively. 
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Self-Association. Our previously reported bis[14] and bis[15]DBAs (e.g., 23 and

24, Figure 8),2b also functionalized with dibutylamino and nitro groups, displayed a

significant degree of intermolecular self-association in solution, presumably due to n-

stacking enhanced by attraction between donor and acceptor groups between molecules.

The aggregation was manifested by upfield shifts of the IH-NMR signals of the aromatic

protons with increasing concentration. It has been confirmed that the monomer-dimer

equilibrium is the dominant process in these systems, and hence dimerization constants

could be calculated from the concentration-dependent chemical shifts. This effect was

not observed in DBAs 1 or 4-7, or in equimolar mixtures of 4 and 5 (which could

theoretically form dimer aggregates when respective donor and acceptor groups from

each molecule are n-stacked). It is believed that the ortho relationship between the

alkylamino and nitro groups on each arene ring can prevent strong polarization (dipolar

or quandrupolar) and effectively "cancel out" any long-range intermolecular attraction.

Tetradonor 1 possesses no acceptor groups to enhance n-stacking via intermolecular

attraction.

24

Figure 8. Examples of previously reported bis[14] and bis[15]DBAs that display self-

., . I' 2basSOCIatIOn In so utIOn.
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DBA 2 underwent rapid degradation in CDC!) solution, so concentration-

dependent experiments could not be conducted. DBA 3, however, remained stable long 

enough for several concentration-dependence data points to be collected (Figure 9). The 

protons residing on the donor and acceptor arene rings experienced the greatest degree of 

upfield shifts, and the central arene ring protons experienced the least, indicating the 

greatest degree of change in the shielding environment where the donors of one molecule 

interact with the acceptors of another, and vice versa. The gradual upfield shifts were 

fitted to curves using the HypNMR program7 from which a dimerization constant of 515 

± 31 M-1 was extracted. This value is only slightly larger than for the smaller analogous 

DBA 23 (326 ± 51 M- I
), and may be due to more efficient stacking due to increased TC-

orbital overlap in the strain-free bis[18]DBA. 
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FIGURE 9. Concentration-dependent chemical shifts of the aromatic protons of DBA 3 in CDCb 
at 20°C. 
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Conclusions

Bis[18]DBAs 1-7 represent an important systematic investigation into the effects

of conjugation pathway topology, chromophore length, and symmetry on the optical band

gaps of carbon-rich intramolecular charge transfer systems. We have demonstrated that

quadrupolar chromophores with linear donor-7t-donor and acceptor-7t-acceptor pathways

can exhibit narrowed band gaps versus donor-7t-acceptor analogues, and comparison to

our earlier mono[18]DBAs shows that while extending the length of a donor

functionalized system results in absorption red shifts, increasing the number of

chromophore units in the system causes an increase in molar extinction coefficient. Our

studies also support observations in other systems that strong donor/acceptor

functionalization of an extended chromophore can actually lead to increased band gaps

due to lack of Franck-Condon overlap of segment-isolated FMOs.6 It has been shown in

the past that highly conjugated organic molecules often exhibit high TPA cross-sections,

especially when possessing either high symmetry or donor/acceptor functionalization.1c
,3c

e The systems presented here satisfy both conditions, so it is expected that they will

display particularly favorable results, and we hope to report the outcome of these

experiments in the near future.

Experimental

General Methods. These have been described in previously,zb Synthesis of segments

8-11 have been described previously.lb
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General Alkyne Coupling Procedure A. Alkyne segment 8,10, or 11 (5.0 equiv)

and 1,2,4,5-tetraiodobenzene (l equiv) were dissolved in iPr2NH:THF (3:3, 0.003 M) and

the solution was purged for 30 min with bubbling Ar. PdCh(PPh3)2 (0.03 equiv per

transformation), CuI (0.06 equiv per transformation) and aqueous KOH (5 equiv per

transformation) were added and the solution was purged another 20 min. The reaction

mixture was stirred at 55°C for 24-48 h under an Ar atmosphere until complete by TLC.

The mixture was then concentrated, rediluted with hexanes, and filtered through a pad of

silica gel. The solvent was removed in vacuo and the crude material was used without

further purification.

General Alkyne Coupling Procedure B. Acceptor segment 9 or 11 (2.5 equiv) and

the appropriate isomer of dibromodiiodobenzene (l equiv) were dissolved in

iPr2NH:THF (3:3, 0.003 M) and the solution was purged for 30 min with bubbling Ar.

PdCh(PPh3)2 (0.03 equiv per transformation), CuI (0.06 equiv per transformation) and

aqueous potassium carbonate (5 equiv per transformation) were added and the solution

was purged another 20 min. The reaction mixture was stirred at room temperature for 24

48 h under an Ar atmosphere until complete by TLC. The mixture was then concentrated,

rediluted with hexanes, and filtered through a pad of silica gel. The solvent was removed

in vacuo and the crude material was used without further purification.

General Alkyne Coupling Procedure C. Acceptor-functionalized tetrayne 13, 17,

19 or 21, and aqueous KOH (5 equiv per transformation) were dissolved in iPr2NH:THF

(3:2,0.004 M) and the solution was purged for 30 min with bubbling Ar. Pd(PhCN)2Ch

(0.03 equiv per transformation), P(t-BU)3HBF4 (0.07 equiv per transformation) and CuI
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(0.06 equiv per transformation) were added and the solution was purged for another 20

min under bubbling Ar. Donor segment 8 or 10 (2.5 equiv) was dissolved in THF (0.04

M), the solution was purged for 30 min under bubbling Ar, and then injected via syringe

pump into the stirred polyyne solution over 8 hat 55°C under an Ar atmosphere. The

reaction was stirred until complete by TLC. The mixture was then concentrated, rediluted

with hexanes:CH2Cb (4:1), and filtered through a pad of silica gel. The solvent was

removed in vacuo, and the crude material was purified by column chromatography.

General Pd-catalyzed Cyclization Procedure D. Annulene precycle was dissolved

in THF, EhO and MeOH (2:1:0.01,0.005 M) and B1.l4NF (TBAF, 1.0 M soln in THF, 10

equiv) was added. The solution was stirred at room temperature until complete by TLC

(typically <1 h). The reaction mixture was then concentrated, dissolved in Et20, and

washed with H20 (3 X 50 mL). The organic phase was collected, dried over MgS04, and

filtered through a pad of silica gel eluting with hexanes. The solvent was removed in

vacuo and deprotected precycle was dissolved in THF (0.005 M). PdCh(dppe) (0.1 equiv

per transformation), CuI (0.2 equiv per transformation), and 12(0.25 equiv per

transformation) were dissolved in iPr2NH:THF (1.4:1, ~0.5 L per mmol precycle). To this

mixture, the deprotected precycle solution was injected via syringe pump over 40 h at 65

dc. The reaction mixture was stirred until complete by TLC, then concentrated, rediluted

in hexanes:CH2Ch (3: 1) and filtered through a pad of silica gel. The solvent was removed

in vacuo and the product was triturated with hexanes.

DBA precursor 12. Segment 8 (306 mg, 0.605 mmol) was cross-coupled to 1,2,4,5

tetraiodobenzene (78 mg, 0.134 mmol) at 55°C using general alkyne coupling procedure
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A (12 h). The crude material was purified by column chromatography (4:1

hexanes:CH2Ch) to give 12 (227 mg, 94%) as a dark red oil. IH NMR (CDC!): () 7.51

(s, 2H), 7.35 (d, J= 9.0 Hz, 4H), 6.66 (d, J= 2.7 Hz, 4H), 6.49 (dd, J= 9.0, 2.7 Hz), 3.27

(t, J= 7.5 Hz, 16H), 1.54 (quin, J= 7.5 Hz, 16H), 1.34 (sext, J= 7.2 Hz, 16H), 1.18 (s,

84H), 0.96 (t, J= 7.2 Hz, 24H). I3C NMR (CDC!): () 148.30, 137.66, 134.58, 128.57,

125.49, 114.89, 111.72, 110.40, 105.84,94.59,85.37,81.84, 78.87, 75.99, 50.78,29.50,

20.48, 18.97, 14.16, 11.60. IR (NaCl): v 2959, 2935, 2856,2191,2155, 1589, 1530,

1479,1365,1223, 1113 em-I. MS (APCI):m!z(%) 1719.2(M+-TIPS+THF,65), 1720.2

(M+13C-TIPS+THF, 93), 1721.2 (~2I3C-TIPS+THF, 100). UV (CH2Ch) ""max (log E):

400 (4.73), 466 (4.81). Em. ""max: 551. <1>r= 0.18.

Tetradonor DBA 1. Precursor 12 (136 mg, 0.075 mmol) was subjected to general Pd

catalyzed cyclization procedure D (40 h). The crude material was purified by filtration

through a pad of silica gel followed by concentration in vacuo and trituration with

hexanes to afford 72 mg (82%) of 1 as a brick red powder. Once purified, the product

exhibited very poor solubility, thus precluding acquisition of 13C NMR data. Mp: 200

220°C (dec). IH NMR (CDC!): () 7.78 (s, 2H), 7.49 (d, J= 8.7 Hz, 4H), 6.84 (s, 4H),

6.66 (d, J = 11.4 Hz, 4H), 3.30 (t, J =6:9-Hz;to-H);1:S9-(m,-lOH);1:40-(sext,-;l= 1~8-Hz,

16H), 0.99 (t, J= 7.2 Hz, 24H). IH NMR (300 MHz, THF-ds): () 7.84 (s, 2H), 7.50 (d, J=

9.0 Hz, 4H), 6.92 (s, 4H), 6.80 (d, J= 9.0 Hz, 4H), 3.39 (t, J= 7.8 Hz, 16H), 1.63 (m,

16H), 1.40 (sext, J= 7.5 Hz, 16H), 0.99 (t, J= 7.5 Hz, 24H). IR (KBr): v 2956,2929,

2871,2136, 1591, 1590, 1482, 1368, 1218, 1110 em-I. UV (CH2Ch) Amax (log E): 445

(4.96),481 (4.98). Em. ""max: 551. <1>r= 0.34.
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Acceptor-functionalized arene 17. Segment 9(500 mg, 1.18 mmol) was cross-coupled

to 1,3,-dibromo-4,6-diiodobenzene (173 mg, 0.36 mmol) at rt for 24 h using general

alkyne coupling procedure B. The crude material was purified by column

chromatography (4:1 hexanes:CH2Ch) to give 17 (285 mg, 86%) as a yellow powder.

Once purified, the product exhibited very poor solubility, thus precluding acquisition of

mass spectrometry data. Mp: 170-173 °c. !H NMR (CDCh): D8.32 (d, J = 2.2 Hz, 2H),

8.12 (dd, J= 9.0, 2.2 Hz, 2H), 7.91 (s, 1H), 7.67 (s, 1H), 7.66 (d, J= 9.0 Hz, 2H), 1.18 (s,

42H). l3C NMR (CDC!)): D 147.53, 138.81, 136.69, 133.87, 133.71, 128.89, 127.84,

127.42, 123.71, 122.86, 102.42, 100.49,81.75,81.11,80.96, 79.45, 18.96, 11.46. IR

(KBr): v 2941, 2863, 2150, 1592, 1521, 1455, 1345, 1106, 1062,884,853,814, 745, 723,

680 cm!.

DBA precursor 18. Acceptor-functionalized arene 17 (430 mg, 0.860 mmol) was cross

coupled with segment 8 (270 mg, 0.289 nunol) at 55°C for 72 h using general alkyne

coupling procedure C (injection over 12 h). The crude material was purified by column

chromatography (4:1 hexanes:CH2Ch) to give 18 (85 mg, 18%) as a red oil. !H NMR

(CDC!)): () 8.32 (t, J= 2.1 Hz, 2H), 8.12 (m, 2H), 7.73 (s, 1H), 7.68 (dd, J= 9.0, 2.1 Hz,

2H), 7.59 (s, 1H), 7.33 (dd, J= 9.0,2.7 Hz, 2H), 6.68 (d, J= 2.7 Hz, 2H), 6.50 (dd, J=

9.3,2.7 Hz, 2H), 3.28 (t, J= 7.8 Hz, 8H), 1.56 (quin, J= 5.4 Hz, 8H), 1.32 (sext, J= 7.8

Hz, 8H), 1.16 (s, 84H), 0.96 (t, J= 7.2 Hz, 12H). l3C NMR (CDCh): () 148.9, 147.5,

140.4, 134.5, 133.9, 130.7, 130.4, 128.9, 127.8, 127.4, 125.2, 122.9, 116.5, 115.0, 113.6,

108.2, 105.8, 104.6, 102.4, 100.4, 100.2,89.7,86.7,84.0,81.9,81.2,81.0, 79.4, 50.8,

29.5,20.5, 19.0, 14.2, 11.5 ppm. IR (KBr): v 2955, 2934, 2886, 2861, 2185, 2149, 1655,
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1630, 1568, 1557, 1539, 1517, 1499, 1477, 1452, 1346 em-I. MS (APCI): m/z (%)

1639.5 (M+, 72), 1640.5 (M+1, 100), 1641 (M+2, 90). UV (CH2Ch) Amax (log E): 342

(5.05),363 (5.04),471 (4.71).

DBA 2. Precursor 18 (80 mg, 0.049 mmol) was subjected to general Pd-catalyzed

cyclization procedure D (36 h). The crude material was purified by filtration through a

pad of silica gel followed by concentration in vacuo and trituration with hexanes to afford

4.9 mg (10%) of3 as a red powder. Once purified, the product exhibited very poor

solubility, thus precluding acquisition of 13C NMR data. Mp: 160-180 °c (dec). IH NMR

(CDCh): 8 8.40 (s, 2H), 8.05 (s, IH), 7.98 (d, J== 7.8 Hz, 2H), 7.82 (s, IH), 7.67 (d, J==

9.0 Hz, 2H), 7.39 (d, J= 9.3 Hz, 2H), 6.65 (s, 2H), 6.59 (d, J= 9.0 Hz, 2H), 3.26 (t, J=

8.4 Hz, 8H), 1.56 (m, 8H), 1.42 (sext, J == 8.2 Hz, 8H), 1.00 (t, J = 8.2 Hz, 12H). IR

(KBr): v 2947, 2924, 2852, 2184,1719,1590,1512,1461,1334,1261,1214,1018,196

em-I. MS (APCI): m/z (%) 1012.5 (29), 1010.0 (M+, 54), 968.8 (40), 921.7 (30), 690.3

(65),604.0 (100). UV (CH2Ch) Amax (log E): 400 (4.80), 471 (4.82).

Acceptor-functionalized arene 21. Segment 9 (203 mg, 0.479 mmol) was cross-coupled

to 1,4,-dibromo-2,5-diiodobenzene (96 mg, 0.197 mmol) at rt for 36 h using general

alkyne coupling procedure B. The crude material was purified by column

chromatography (5:1 hexanes:CH2Ch) to give 21 (131 mg, 71 %) as an insoluble yellow

powder. Mp: 192.5-195.8 °c (dec). IH NMR (CDCh): 88.33 (d, J= 2.1 Hz, 2H), 8.12

(dd, J== 8.8, 2.1 Hz, 2H), 7.74 (s, 2H), 7.68 (d, J= 8.8 Hz, 2H), 1.18 (s, 42H). 13C NMR

(CDCh): 8147.56, 137.69, 133.88, 130.60, 128.95, 127.41, 126.34, 124.63, 122.86,

102.38, 100.60,82.01,81.60,81.22,81.21, 18.94, 11.45. IR (KBr): v 2941, 2863, 1653,



288

1569, 1522, 1458, 1437, 1344, 1067,995,883,835,815, 743, 679 em-I. MS (APCl): m/z

(%) 932.2 (M+79Br79Br, 68), 934.2 (~79Br8IBr, 100), 935.2 (~13C79Br8IBr, 81), 936.2

(M+8IBr8IBr, 58).

DBA precursor 22. Acceptor-functionalized arene 21 (770 mg, 1.52 mmol) was cross

coupled with segment 8 (474 mg, 0.507 mmol) at 55°C for 72 h using general alkyne

coupling procedure C (injection over 6 h). The crude material was purified by column

chromatography (9: 1 hexanes:CH2Ch) to give 22 (193 mg, 24%) as a red oil. IH NMR

(CDCh): 88.32 (d, J= 2.2 Hz, 2H), 8.10 (dd, J= 8.6, 2.2 Hz, 2H), 7.68 (d, J= 8.6 Hz,

2H), 7.57 (s, 2H), 7.34 (d, J= 8.8 Hz, 2H), 6.68 (d, J= 2.4 Hz, 2H), 6.50 (dd, J= 8.8, 2.4

Hz, 2H), 3.28 (t, J= 7.8 Hz, 8H), 1.53 (quin, J = 7.2 Hz, 8H), 1.34 (sext, J= 7.4 Hz, 8H),

1.18 (s, 84H), 0.96 (t, J= 7.4 Hz, 12H). lR (KBr): v 2954, 2934, 2879, 2180, 1649, 1590,

1562, 1537, 1518, 1488, 1346 em-I. MS (APCl): m/z (%) 1639.5 (M+, 70), 1640.5 (M+1,

100), 1641 (M+2, 81).

DBA 3. Precursor 22 (90 mg, 0.055 mmol) was subjected to general Pd-catalyzed

cyclization procedure D (25 h). The crude material was purified by filtration through a

pad of silica gel followed by concentration in vacuo and trituration with hexanes to afford

5.0 mg (9%) of3 as a red powder. Once purified, the product exhibited very poor

solubility, thus precluding acquisition of 13C NMR data. Mp: 160-180 °c (dec). IH NMR

(CDCh): 8 8.34 (d, J= 2.1 Hz, 2H), 7.97 (dd, J= 6.6,2.1 Hz, 2H), 7.69 (s, 2H), 7.58 (d,

J= 8.7 Hz, 2H), 7.32 (d, J= 8.7 Hz, 2H), 6.63 (s, 2H), 6.52 (d, J= 10.5 Hz, 2H), 3.21 (t,

J = 8.4 Hz, 8H), 1.55 (m, 8H), 1.39 (sext, J = 7.0 Hz, 8H), 0.99 (t, J = 7.0 Hz, 12H). lR

(KBr):v2956, 2924, 2853,2348, 1734,1635,1576,1522,1465,1344,1214,1092,458
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em-I. MS (APCl): m/z (%) 1012.5 (35), 1010.0 (M+, 51), 968.8 (30), 690.3 (44),604.0

(100). UV (CH2Ch) Amax (log E): 431 (4.67),475 (4.40), 517(sh) (4.10).

DBA precursor 15. Segment 10 (71 mg, 0.129 mmol) was cross-coupled to 1,2,4,5

tetraiodobenzene (15 mg, 0.026 mmol) at 55°C using general alkyne coupling procedure

A (12 h). The crude material was purified by column chromatography (4:1

hexanes:CH2Ch) to give 15 (113 mg, 70%) as a dark red oil. IH NMR (CDC!]): 8 7.90

(s, 4H), 7.57 (s, 2H), 7.10 (s, 4H), 3.15 (t,J= 7.2 Hz, 16H), 1.53 (quin,J= 6.6 Hz,

16H), 1.28 (sext, J= 7.5 Hz, 16H), 1.24 (s, 84H), 0.89 (t, J= 7.5 Hz, 24H). l3C NMR

(CDC!]): 8145.26,139.56,137.89,131.67,131.39,125.62,124.16, 113.55, 103.58,

99.90,82.42,81.32, 79.14, 77.22, 51.76,29.72,20.26, 18.93, 14.04, fi~53. lR (NaCl): v

2958,2926,2861,2204, 1652, 1596, 1539, 1504, 1475, 1456, 1416 em-I. MS (APCl):

m/z (%) 1984.6 (M+H+, 66), 1986.1 (~l3CH+H+, 100). UV (CH2Ch) Amax (log E): 288

(5.01),329 (5.00),354 (4.99),384 (4.89), 432 (4.88).

DBA 4. Precursor 15 (l08 mg, 0.054 mmol) was subjected to general Pd-catalyzed

cyclization procedure D (40 h). The crude material was purified by filtration through a

pad of silica gel followed by concentration in vacuo and trituration with hexanes to afford

44 mg (60%) of 4 as a bright orange powder. Mp: 170-190 °c (dec). IH NMR (CD2Ch):

8 8.00 (s, 4H), 7.83 (s, 2H), 7.31 (s, 4H), 3.18 (t, J= 7.5 Hz, 16H), 1.55 (quin, J= 7.5

Hz, 16H), 1.28 (sext, J= 7.5 Hz, 16H), 0.89 (t, J= 7.5 Hz, 24H). l3C NMR (CD2Ch):

8 144.98, 140.03, 136.40, 131.74, 128.80, 125.19, 124.71, 113.05,82.38,81.74,80.88,

79.80, 79.04, 77.24, 51.94, 29.65, 20.26, 13.79. lR (NaCl): v 2952, 2926, 2868, 2191,
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1595,1543,1502,1476,1457,1431 cm-I. UV (CH2Clz) Amax (log 8): 387 (5.14),451

(5.07). Em. Amax: 459.

DBA precursor 16. Segment 11 (260 mg, 0.472 mmol) was cross-coupled to 1,2,4,5

tetraiodobenzene (46 mg, 0.079 mmol) at 55°C using general alkyne coupling procedure

A (12 h). The crude material was purified by column chromatography (4:1

hexanes:CH2Clz) to give 16 (143 mg, 92%) as a dark red oil. IH NMR (CDCh): 0 7.82

(s, 4H), 7.64 (s, 2H), 7.21 (s, 4H), 3.11 (t, J= 4.2 Hz, 16H), 1.49 (quin, J= 3.9 Hz,

16H), 1.26 (sext, J= 4.5 Hz, 16H), 1.14 (s, 84H), 0.87 (t, J= 4.2 Hz, 24H). l3C NMR

(CDCh): 0 144.29, 140.94, 138.23, 130.59, 128.60, 125.70, 125.20, 117.01, 102.96,

96.11,82.64,81.03, 79.97, 79.40, 51.92, 29.71, 20.26, 18.96, 14.03, 11.53. IR (NaCI): v

2982,2963,2882,2209,2179,1717,1624,1458,1436,1362, 1344, 1318 cm-I. MS

(APCI): m/z (%) 1983.5 (M+, 70), 1984.4 (M+H+, 72), 1985.6 (M+l3CH+, 100). UV

(CH2Clz) Amax (log 8): 318 (5.16), 360 (4.98), 467 (4.25).

DBA 5. Precursor 16 (117 mg, 0.059 mmol) was subjected to general Pd-catalyzed

cyclization procedure D (40 h). The crude material was purified by filtration through a

pad of silica gel followed by concentration in vacuo and trituration with hexanes to afford

38 mg (49%) of5 as a deep red powder. Mp: 165-180 °c (dec). IH NMR (CDCI3): 0

7.96 (s, 4H), 7.82 (s, 2H), 7.29 (s, 4H), 3.18 (t, J= 7.5 Hz, 16H), 1.57 (quin, J= 6.9 Hz,

16H), 1.30 (sext, J= 7.2 Hz, 16H), 0.92 (t, J= 7.5 Hz, 24H). l3C NMR (CDCh):

o 144.66, 140.26, 137.08, 131.23, 128.73, 125.77, 124.60, 114.15, 100.23,81.91,81.22,

80.35, 79.75, 79.65, 51.94, 29.72, 20.33, 14.08. IR (NaCl): v 2954,2924,2868,2198,
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2148, 1638, 1594, 1531, 1482, 1435, 1369 em-I. UV (CH2Cb) Amax (log e): 381 (5.17),

490 (4.10).

Acceptor-functionalized arene 19. Segment 11 (260 mg, 0.472 mmol) was cross

coupled to 1,3-dibromo-4,6-diiodobenzene (96 mg, 0.197 mmol) at rt for 16 h using

general alkyne coupling procedure B. The crude material was purified by column

chromatography (9:1 hexanes:CH2Cb) to give 19 (183 mg, 78%) as a red-orange oil. IH

NMR (CDC!)): () 7.89 (s, IH), 7.82 (s, 2H), 7.61 (s, IH), 7.21 (s, 2H), 3.12 (t, J= 7.2 Hz,

8H), 1.51 (quin, J= 6.9 Hz, 8H), 1.25 (sext, J= 6.9 Hz, 8H), 1.16 (s, 42H), 0.88 (t, J=

7.2 Hz, 12H). l3C NMR (CDC!)): () 144.28, 140.91, 138.72, 136.58, 130.60, 128.61,

127.57, 125.25, 123.88, 116.91, 103.01,96.05,81.76, 79.87, 79.75, 79.10, 51.96,29.72,

20.30, 18.98, 14.05, 11.54. IR (KBr): v 2955, 2927,2860,2158,2144, 1652, 1599, 1540,

1508, 1453, 1365, 1340, 1278 em-I. MS (APCI): m/z (%) 1188.2 (MH+79Br79Br, 40),

1189.2 (MH+79Br8IBr, 100), 1190.2 (MWI3C8IBr8IBr, 87).

DBA precursor 20. Segment 10(104 mg, 0.189 mmol) was cross-coupled to acceptor

functionalized arene 19 (90 mg, 0.076 mmol) at 55°C using general alkyne coupling

procedure C (8 h). The crude material was purified by column chromatography (5:1

hexanes:CH2Cb) to give 20 (32 mg, 21 %) as a dark red oil. IH NMR (CDC!)): () 7.90 (s,

2H), 7.82 (s, 2H), 7.60 (s, IH), 7.59 (s, IH), 7.22 (s, 2H), 7.10 (s, 2H), 3.13 (m, 16H),

1.50 (m, 16H), 1.25 (m, 16H), 1.16 (s, 42H), 1.14 (s, 42H), 0.89 (m, 24H). l3C NMR

(CDC!)): () 145.32, 144.31, 140.98, 139.56, 138.09, 138.01, 131.66, 131.39, 130.58,

128.79,126.16,125.35,125.21,124.13,117.08,113.31, 104.36, 103.57, 102.99,99.89,

96.11,82.75,82.42,81.72,80.68,80.30, 79.61, 78.90, 51.98, 51.77, 29.95, 29.72,20.27,



292

18.94, 14.01, 11.53. IR (NaCl): v 2954, 2935, 2888, 2859, 2218, 2142, 1653, 1599, 1537,

1504, 1493, 1454, 1367, 1338, 1276 em-I. UV (CH2Ch) "'max (log E): 320 (5.01), 354

(4.94),427 (4.69).

DBA 6. Precursor 20 (32 mg, 0.016 mmol) was subjected to general Pd-catalyzed

cyclization procedure D (40 h). The crude material was purified by filtration through a

pad of silica gel followed by concentration in vacuo and trituration with hexanes to afford

4 mg (19%) of6 as a dark orange-red solid. Mp: 150-170 °c (dec). IH NMR (CD2Ch): 8

8.01 (s, 2H), 7.99 (s, 2H), 7.88 (s, IH), 7.87 (s, IH), 7.35 (s, 2H), 7.31 (s, 2H), 3.20 (m,

16H), 1.57 (m, 16H), 1.31 (m, 16H), 0.91 (m, 24H). IR (NaCl): v 2958, 2927, 2868,

2851,2210, 1709, 1594, 1535, 1493, 1457, 1426, 1339 em-I. UV (CH2Ch) "'max (log E):

382 (4.84),404 (4.87),456 (4.54).

Acceptor-functionalized arene 13. Segment 11 (198 mg, 0.359 mmol) was cross

coupled to 1,4-dibromo-2,6-diiodobenzene (72 mg, 0.148 mmol) at rt for 16 h using

general alkyne coupling procedure B. The crude material was purified by column

chromatography (4:1 hexanes:CH2Cb) to give 13 (153 mg, 87%) as a red oil. IH NMR

(CDC!)): 8 7.82 (s, 2H), 7.72 (s, 2H), 7.20 (s, 2H), 3.12 (t, J= 6.9 Hz, 8H), 1.53 (quin, J

= 7.5 Hz, 8H), 1.29 (sext, J= 7.5 Hz, 8H), 1.15 (s, 42H), 0.88 (t, J= 7.2 Hz, 12H). B C

NMR (CDC!)): 8 144.25, 140.92, 137.61, 130.59, 128.52, 126.35, 125.21, 124.54,

116.94, 102.96,96.13,81.84,81.51,80.07, 78.98, 51.96, 29.71, 20.29, 18.98, 14.06,

11.54. IR (KBr): v 2958, 2937, 2860, 2150, 1652, 15991, 1540, 1506, 1472, 1457, 1338,

1277 em-I. MS (APCl): m/z(%) 1187.3 (M+79Br79Br, 42),1189.3 (MW79Br8IBr, 100),

1190.3 (MH+I3C8IBr8IBr, 65).
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DBA Precursor 14. Segment 10 (106 mg, 0.192 mmo1) was cross-coupled to acceptor

functionalized arene 13 (106 mg, 0.089 mmol) at 55°C using general alkyne coupling

procedure C (10 h). The crude material was purified by column chromatography (4:1

hexanes:CH2Ch) to give 14 (111 mg, 63%) as a dark red oil. IH NMR (CDC!]): () 7.90

(s, 2H), 7.82 (s, 2H), 7.60 (s, 1H), 7.22 (s, 2H), 7.10 (s, 2H), 3.13 (m, 16H), 1.52 (m,

16H), 1.29 (m, 16H), 1.16 (s, 42H), 1.14 (s, 42H), 0.88 (m, 24H). 13C NMR (CDC!]): ()

145.32,144.30,140.91,139.50,138.01,131.68,131.62, 130.59, 128.79, 125.81, 125.55,

125.33,124.11,117.03,113.25,103.56,102.98,100.25, 99.87, 96.09, 82.71, 82.44,

81.63,80.76,80.29, 79.60, 78.86, 51.96, 51.76,29.71,20.26, 18.94, 14.02, 11.53. IR

(NaCl):v2953,2932,2891,2856,2218,2147, 1595, 1536, 1505, 1487, 1466, 1428,

1337, 1274 em-I. UV (CH2Ch) Amax (log E): 294 (4.97),322 (4.98), 353 (4.94),445

(4.59).

DBA 7. Precursor 14 (65 mg, 0.033 mmol) was subjected to general Pd-catalyzed

cyclization procedure D (40 h). The crude material was purified by filtration through a

pad of silica gel followed by concentration in vacuo and trituration with hexanes to afford

29 mg (66%) of7 as a dark orange powder. Mp: 160-180 °c (dec). IH NMR (CD2Ch): ()

8.01 (s, 2H), 8.00 (s, 2H), 7.88 (s, 2H), 7.36 (s, 2H), 7.32 (s, 2H), 3.20 (m, 16H), 1.55 (m,

16H), 1.29 (m, 16H), 0.91 (m, 24H). 13C NMR (CDC!]): () 145.09, 139.86, 139.75,

139.50, 137.46, 136.69, 131.72, 129.77, 129.41, 125.77, 125.25, 124.25, 124.06, 113.15,

113.03,82.14,81.92,81.35,81.27,80.94,80.78,80.71, 80.19, 79.83, 79.41, 77.46, 77.41,

51.70,29.71,20.33, 14.05. IR (NaCl): v 2955, 2924, 2868, 2213, 1651, 1592, 1535,

1479,1431,1370 em-I. UV (CH2Ch) Amax (log E): 403 (4.89),479 (4.36).
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CHAPTER VI

CONCLUDING SUMMARY

The ever-expanding role ofcarbon in areas traditionally reserved for silicon or

various metals heralds an end to the old distinctions between organic and inorganic

chemistry. The recent surge of organic materials research, supported in part by new

developments in carbon-carbon bond forming techniques, opens up entirely new frontiers

of study in the fields ofnanoscale devices, biological imaging, and quantum computing.

In this dissertation it has been demonstrated that donor/acceptor-functionalization of

rigidified, highly conjugated carbon systems provides access to a powerful method of

manipulating electronic and photonic transport for customized applications in these and

other areas. We have shown that isomeric arrays ofD/A arylacetylenes, with only small

structural variations, can exhibit very different degrees of optoelectronic properties based

on systematic adjustments to the donor/acceptor pathway topology, and can be used to

fine-tune properties such as optical band gap, emission wavelength, net dipole and

quantum yield almost independently. It has also been demonstrated that these

functionalizations often lead to FMO localization on respective donor and acceptor

segments, with the result that stepwise protonation or metal ion complexation ofone type

ofgroup (donor or acceptor) followed by the other is reflected in the absorption and/or
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emission spectra by dynamic switching of the spectral maxima. Thus it is shown that

such switching can be used as a probe of properties such as conjugation efficiency and

electronic environment, and may prove useful as fluorimetric ion sensors.

We have also examined the effects of enforced planarization on a variety of D/A

mono- and bisdehydrobenzoannulene structures. The effects of enhanced 7t-orbital

overlap in the conjugated macrocycles on spectroscopic and materials properties imply

good utility in the next generation of organic electronics. In particular, the relative ease of

synthesis, visibly fluorescent intramolecular charge transfer, and moderately narrow

optical band gaps exhibited by TPEBs and DBAs with fluorinated acceptor groups

provide exciting motivation for future design of organic fluorophores for applications

ranging from dyes to display technologies. The series of larger bis[18]DBAs

functionalized with donor and acceptor groups in a systematic variation of arrangements

clearly demonstrates how small changes in the charge transfer pathways can affect the

optical band gaps. In these systems, the long electron-poor chromophores, conjugated to

electron-rich chromophores, predicts extremely high two-photon absorption cross

sections, and hence excellent utility in future nonlinear optical devices.

The structure-property relationships discovered in these studies represents a

unique toolbox for understanding the complex interrelationships between conjugation and

donor/acceptor electron transport in carbon-rich systems, and the insight gained herein

will prove invaluable to the rational design of new, high-perfonnance organic materials

that could very well far outstrip their inorganic counterparts in both cost and

perfonnance.
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APPENDIX A

DYNAMIC PROTON-INDUCED EMISSION SWITCHING IN DONOR

FUNCTIONALIZED BIS(DEHYDROBENZO[18]ANNULENO)BENZENE

Introduction

Conjugated fluorophores rich in 7t-electrons have been recognized as ideal

candidates for organic materials, organic electronics components, nonlinear optical

materials, and fluorescent sensor dyes.I-9 Small structural variations in a particular

molecular architecture can elucidate important structure-property relationships essential

for fine-tuning the photophysical spectroscopic profiles to targeted applications.4,9 To that

end, we have been investigating the 7t-electronic behavior of a class of carbon-rich

conjugated chromophores, dehydrobenzoannulenes (DBAs).4,IO These carbocyclic

molecules contain multiple pathways for intramolecular electronic and photonic transport

and exhibit enhanced 7t-orbital overlap due to enforced planarization, often leading to

bulk organic material behavior. For example, we have recently demonstrated the

formation of ordered self-assembled monolayers of I8-membered DBA derivatives

visualized at the liquid-solid interface via STM imaging,4f and have shown the ability of

large DBA networks to approximate the materials properties ofcertain theoretical carbon
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allotropes.4h Furthennore, we have shown that functionalization with strong electron-

donating groups results in low-lying excited states that provide efficient emission and are

highly sensitive to molecular and electronic environment. We4d,g and others9a,b have

reported several planarized DBA systems, as well as analogous acyclic arylacetylenes

(e.g., 1 and 2, Figure 1), that exhibit an intriguing ability to switch their emissive

wavelengths in one direction or the other based on independent manipulation of the

energy levels of the frontier molecular orbitals (FMOs) through the titrimetric

introduction of ions. In the conjugated acyclic systems,4d,9a,b the effect relied on

donor/acceptor functionalization, with the calculated localizations of the HOMO and

LUMO on the donor and acceptor segments, respectively. In the case of our recently

examined pyridine-derivatized DBAs,4gthe effect was observed even though the FMOs

were predicted to mostly overlap. Herein we report similar dynamic emission switching

via acid titration of a solely donor-functionalized bis(dehydrobenzo[18]annuleno)benzene

(3, Figure 1).

2

3

Figure 1. Crucifonn4d (1) and annulenic4g (2) donor/pyridyl acetylene systems and

donor-functionalized bis[18]DBA 3.
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Results and Discussion

Synthesis. The synthesis of bisDBA 3 was described in Chapter V, and is

illustrated again in Scheme 1. Selective in situ desilylation of triyne 410 and fourfold

cross-coupling to 1,2,4,5-tetraiodobenzene afforded dodecayne 5 in excellent yield.

Removal of the TIPS groups with TBAF and acetylenic homocoupling using our recently

described procedure4b furnished the brick red annulene 3 also in high yield. Upon

cyclization, the longest wavelength absorption in the UV spectrum red shifts from 466 to

481 run, indicating increased 1t-electron delocalization along the conjugated pathways

(Figure 2), while the emission wavelength remains at 551 run. The quantum yield,

however, increases dramatically from 0.18 to 0.34, likely due to the increased orbital

overlap resulting from enforced planarization.

Scheme 1. Synthesis of DBA 3.

"",N.cc=:TMS •
TIPS

4

Ivyl

I~I

aq. KOH, Pd(PPh3)4, Cui
THF, DIPA, 55°C

94%

1. TBAF, THF, Et20
MaOH

-------- 3
2. PdCI2(dppe), Cui, 12

THF, DIPA, 55°C

82%
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Figure 2. Electronic absorption (left) and emission (right) spectra of DBA 3 and its 

TFA Titration. In our previous systems, emission switching was caused by 

stepwise protonation (or in some cases, metal ion complexation) of first one type of 

group (donor or acceptor, depending on structure), causing a dramatic red or blue shift in 

the fluorescence spectrum, followed by the other group, causing a shift in the opposite 

direction with further addition of ion.4e
,f Here, only donating dibutylamino groups are 

present, so protonation may not proceed in a site-specific, stepwise fashion, but 

protonation of one or more of the nitrogens (thus generating a positively-charged 

inductive acceptor unit) may still result in a transient donor/acceptor system with 

intramolecular charge transfer-like behavior. 

Accordingly, dilute solutions of3 in CH2Ch (0.05 mg mL-1
) were exposed to 

varying concentrations of trifluoroacetic acid (TFA) ranging from 10-5 to 10-0·3 M, and 

the effects on the fluorescence spectra were observed (Figure 3, left). Initial addition of 

TFA causes a gradual 47 nm red shift in the emission spectrum with a qualitative loss of 

fluorescent intensity (Table 1). The solutions shift in fluorescence color from yellow to a 
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dark orange-red. Between 10-2.3 and 10-2.0 M TFA (depending on the excitation

wavelength), a new, blue-shifted band at 434 nm appears, and the dual emission leads to

a bright purple-pink fluorescence. With further TFA addition this new band, possessing

vibronic fine structure typical of1t-1t* transitions for these systems, becomes dominant,

suppressing the bathochromic band and shifting the solutions to bright blue fluorescence.

The spectrum of the final strongly acidic solution closely resembles that of the decyl

functionalized parent analogue.4f Addition of i-Pr2NH gradually reverses the protonation

to regenerate the original spectrum, albeit at a lower relative intensity (see Supporting

Information Figure S3). In the electronic absorption spectra, the longest wavelength band

is gradually suppressed as [TFA] increases, with no significant change in Amax as new

peaks at 377, 411 and 426 nm appear. In the excitation spectra a similar effect is seen: the

longest wavelength peaks diminish, and between 10-2.3 and 10-2.0 M TFA the new

hypsochromic peaks gradually increase.
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titration of DBA 3 (left) and precursor 5 (right) in CH2Cb. No significant shifting 

between 0 and 10-5 M TFA. Insets: photographs of vials ofanalyte at indicated-

log[TFA] under illumination by high-intensity 365 nm lamp. 
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We believe this effect reflects an incremental protonation ofthe electron-donating

dibutylamino groups at the periphery of the annulene, with partial protonation resulting in

an induced intramolecular charge transfer system wherein protonated donor groups

become transient acceptor groups. Donor/acceptor-functionalized DBAs typically exhibit

large bathochromic shifts in their emission spectra relative to the all-donor versions as the

energy of the lowest vibrational levels of the Sl state decrease, along with a

corresponding decrease in the longest wavelength absorption.4a There are three distinct

iso-emissive points in the emission spectra: the first three spectra at I0-5
, 10-4, and 10-3 M

TFA converge at 603 urn; the third, fourth and fifth at to-3
, to-2.7, and to-2

.
3 (with 507 urn

excitation) M TFA converge at 613 urn, and all the remaining spectra at 556 urn. These

points may indicate switching between distinct protonation states, although with four

donor groups it is difficult to assign each spectrum to a dominant species. The lack of

any bathochromic shifting after 10-2.
3 M TFA implies that this acid concentration

represents a triprotonated state, with three dibutylammonium acceptor groups and one

dibutylamino donor. Additional TFA suppresses the 600 urn band and promotes the 434

urn band. The fact that the 434 urn band grows in intensity but does not shift in

wavelength further implies that only two species are involved between 10-2
.
3 and 10-0

.
3 M

TFA. Since the titration is observed on a logarithmic scale of acid concentration, the

protonation of3 is clearly not stoichiometric, since 10-5 M TFA represents 0.24

equivalents of the acid, 10-2
.
7 M 47 equivalents, and at 10-0

.
3 M nearly 12000 equivalents,

which we assume to generate fully protonated annulene. The lack of such distinct

maxima for the mono- and diprotonated species may imply that initial protonation takes
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place at the donor sites nearly independently and in rapid equilibrium, causing a gradual

red shifting with two very close iso-emissive points. This behavior is similar to that

observed in our previous acyclic donor/acceptor ethynylpyridine systems (e.g.,1).4d

Table 1. Summary of TFA-induced spectral shifting in DBA 3.

-log[TFA] equiv. TFAa excitation Amax (nm)b emission Amax (nm)C

5.0 0.24 509 553

4.0 2.4 508 554

3.0 24 509 558

2.7 47 504 566

2.3 120 489 584

2.3 120 375 433,598

2.0 240 374 433,597

1.8 370 407 434,600

1.0 2400 408 434

0.3 12000 409 434

a8.5 x 10-8 mol 3. bFrom excitation spectra in Figure 3. CInitial <l>r = 0.34 in CH2Cb.



Table 2. Summary ofTFA-induced spectral shifting in DBA precursor 5.

-log[TFA] equiv. TFA3 excitation Amax (nm)b emission Amax (nm)C

5.0 0.36 502 556

4.0 3.6 502 556

3.0 36 500 560

2.7 72 490 566

2.4 140 490 572

2.4 140 415 429,568

2.0 360 418 429

1.0 3600 420 430

35.5 X 1O-s moI5. bFrom excitation spectra in Figure 3. Clnitial <l>r= 0.18 in CH2Ch.

304
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To examine the contribution of the enforced planarity of the DBA system, we also

titrated the acyclic precursor 5 (Figure 3, right, and Table 2). The spectra are very similar

to the titration of3, but in this case only a 16 nm red shift was observed in the emission,

and the most bathochromic maximum at 572 nm was not observed at greater than 10-Z.4

M TFA. The planarity of3 may lead to a more highly polarized excited state that can

emit at longer wavelengths than the acyclic precursor. Unlike DBA 3, the fully

protonated species of 5 emits at a higher relative intensity than the neutral molecule,

likely due to the extra electron donating ability of the TIPS protecting groups. Neutral5

also possesses a lower fluorescence quantum yield (0.18) than 3 in (0.34) CHzCh. Along

with longest-wavelength band suppression, a slight bathochromic shift from 463 to 477

nm was observed in the absorption spectrum which was not seen for 3. Since 5 can rotate

about its carbon-carbon single bond axes, it could potentially undergo rotational

relaxation to a twisted intramolecular charge transfer (TICT) state with a smaller optical

band gap upon formation of a transient donor/acceptor species.

The emission shifts presented here are observed even when the excitation

wavelength is held constant, resulting in spectra with only somewhat altered relative

intensities. We also observe the effect with several of our previously published donor

functionalized systems, both cyclic and acyclic (Figures 4 and 5). Thus the generality of

the effect is illustrated and the potential utility in fluorometric sensing devices is

enhanced.
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8

Figure 4. Donor-functionalized tetrakis(phenylethynyl)benzene 6 and tetradonor bis[14]
and [15]DBAs 7 and 8, respectively.4a
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lamp. Note significant red-shifting in absorption spectra of 6 and the white fluorescence 

in 8 at 10-2. 1 M TFA due to overlap of emission bands across a wide wavelength range. 

Finally, the emission shifting in all compounds is reversible by stepwise back-

titration with the organic base di-isopropylamine in a roughly stoichiometric fashion 

(Figure 6). 
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Conclusions

The dramatic spectroscopic switching displayed by these compounds is surprising, given

the predicted overlapping FMOs. It is possible that partial protonation of the donor

groups results in transient donor/acceptor systems with intramolecular charge transfer

properties, and modifies the HOMO and LUMO to adopt more spatially separate

localizations similar to those calculated in our donor/acceptor-functionalized DBAs and

donor/pyridyl-functionalized TPEBs.4a
-
f This sensitivity of the emission profiles to

functional group environment could potentially be exploited for optoelectronic devices or

fluorescent sensor arrays,!l and represents an interesting structure-property investigation

into a versatile class ofconjugated organic materials.
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COMPUTATIONAL DETAILS
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Cartesian Coordinates of Calculated
Structures

l'
B3LYP/6-31G* =~1761.103131l0 au

N 0.1365057.287798 -2.363025
N 0.1365057.2877982.363025
C 0.0000006.0081522.948373
C 0.0000004.8391702.143346
C 0.000000 3.831571 1.460025
C 0.000000 2.625267 0.713766
C 0.000000 2.625267 -0.713766
C 0.000000 1.397596 -1.390487
C 0.000000 0.166749 -0.716072
C 0.000000 0.166749 0.716072
C 0.000000 1.397596 1.390487
C 0.000000 6.008152 -2.948373
C 0.000000 4.839170 -2.143346
C 0.000000 3.831571 -1.460025
C 0.000000 -1.037670 -1.460302
C 0.000000 -2.048666 -2.140788
C 0.000000 -3.221753 -2.937578

C -0.106282 -4.505210 -2.357529
H -0.148729 -4.592091 -1.275842
H -0.148729 -4.5920911.275842
C -0.106282 -4.505210 2.357529
C 0.000000 -3.2217532.937578
C 0.000000 -2.048666 2.140788
C 0.000000 -1.0376701.460302
C 0.000000 -3.147429 4.344649
C -0.106714 -5.651744 3.134865
C 0.000000 -4.288046 5.130710
C 0.000000 -5.578671 4.549058
C 0.000000 -3.147429 -4.344649
C 0.000000 -4.288046 -5.130710
C 0.000000 -5.578671 -4.549058
C -0.106714 -5.651744 -3.134865
C 0.149550 8.430091 -3.150533
C 0.000000 8.294891 -4.536546
C 0.000000 7.045631 -5.150075
C 0.000000 5.907008 -4.357151
C 0.149550 8.430091 3.150533
C 0.000000 8.294891 4.536546
C 0.000000 7.045631 5.150075
C 0.000000 5.907008 4.357151



H 0.000000 1.397009 -2.474827
H 0.000000 1.397009 2.474827
H 0.000000 -2.172449 4.820283
H -0.146806 -6.613769 2.638333
H 0.000000 -4.174704 6.206791
N 0.000000 -6.7180065.329593
H 0.000000 -2.172449 -4.820283
H 0.000000 -4.174704 -6.206791
N 0.000000 -6.718006 -5.329593
H -0.146806 -6.613769 -2.638333
H 0.225497 9.419083 -2.715819
H -0.1017886.985898 -6.229391
H -0.1244454.926110 -4.814161
H 0.2254979.4190832.715819
H -0.1 01788 6.985898 6.229391
H -0.124445 4.9261104.814161
C 0.000000 -8.027900 4.702057
C 0.112869 -6.613242 6.768020
H 0.887148 -8.1832784.110641
H -0.889933 -8.1778094.039221
H 0.000000 -8.7967855.475398
H -0.681020 -6.0097547.226704
H 1.080479 -6.163652 7.037178
H 0.000000 -7.610661 7.208269
C 0.000000 -8.027900 -4.702057
C 0.112869 -6.613242 -6.768020
H -0.889933 -8.177809 -4.039221
H 0.887148 -8.183278 -4.110641
H 0.000000 -8.796785 -5.475398
H 1.080479 -6.163652 -7.037178
H -0.681020 -6.009754 -7.226704
H 0.000000 -7.610661 -7.208269
H 0.121204 9.208217 5.114462
H 0.121204 9.208217 -5.114462

2'
B3LYP/6-31G*=-1761.10563643 au

C 0.0000005.8906773.242303
H 0.000000 5.934940 2.158135
H 0.000000 6.000628 -0.353951
C 0.0000005.897325 -1.435038

C 0.000000 4.605097 -1.997338
C 0.0000003.440768 -1.185733
C 0.000000 2.435063 -0.497980
C 0.0000001.2296160.248687
C 0.000000 1.227519 1.677735
C 0.000000 0.000000 2.354660
C 0.000000 -1.227519 1.677735
C 0.000000 -1.229616 0.248687
C 0.000000 0.000000 -0.426360
C 0.0000004.6375553.885601
C 0.000000 3.4381653.111126
C 0.000000 2.435271 2.423500
C 0.000000 -2.435271 2.423500
C 0.000000 -3.4381653.111126
C 0.000000 -4.637555 3.885601
C 0.000000 -5.890677 3.242303
H 0.000000 -5.9349402.158135
H 0.000000 -6.000628 -0.353951
C 0.000000 -5.897325 -1.435038
C 0.000000 -4.605097 -1.997338
C 0.000000 -3.440768 -1.185733
C 0.000000 -2.435063 -0.497980
C 0.000000 -4.512292 -3.404169
C 0.000000 -7.034542 -2.227177
C 0.000000 -5.642338 -4.206148
C 0.000000 -6.941359 -3.640782
N 0.000000 -4.511630 5.231668
C 0.000000 -5.633440 5.953902
C 0.000000 -6.919731 5.407782
C 0.000000 -7.043974 4.018481
C 0.000000 7.043974 4.018481
C 0.000000 6.919731 5.407782
C 0.000000 5.6334405.953902
N 0.0000004.5116305.231668
C 0.000000 7.034542 -2.227177
C 0.000000 6.941359 -3.640782
C 0.0000005.642338 -4.206148
C 0.000000 4.512292 -3.404169
H 0.000000 0.000000 3.439075
H 0.000000 0.000000 -1.510643
H 0.000000 -3.530038 -3.867294
H 0.000000 -8.003933 -1.743282
H 0.000000 -5.513956 -5.281923
N 0.000000 -8.070320 -4.436149
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H 0.000000 -5.497874 7.034640
H 0.000000 -8.023304 3.547207
H 0.000000 8.023304 3.547207
H 0.000000 5.497874 7.034640
H 0.000000 8.003933 -1.743282
N 0.000000 8.070320 -4.436149
H 0.000000 5.513956 -5.281923
H 0.0000003.530038 -3.867294
C 0.000000 7.941322 -5.882498
C 0.000000 9.389313 -3.829096
C 0.000000 -9.389313 -3.829096
C 0.000000 -7.941322 -5.882498
H -0.8888867.406192 -6.245908
H 0.888886 7.406192 -6.245908
H 0.000000 8.935720 -6.331807
H 0.8889959.552314 -3.203183
H -0.8889959.552314 -3.203183
H 0.00000010.146340 -4.614977
H -0.888995 -9.552314 -3.203183
H 0.888995 -9.552314 -3.203183
H 0.000000 -10.146340 -4.614977
H 0.888886 -7.406192 -6.245908
H -0.888886 -7.406192 -6.245908
H 0.000000 -8.935720 -6.331807
H 0.000000 -7.7917996.054728
H 0.000000 7.791799 6.054728

3'
B3LYP/6-31G* = -1761.10637570 au

C -6.303318 -0.321659 0.392336
H -5.981249 0.671342 0.692499
H -5.299049 2.808338 -0.601561
C -4.989063 3.827105 -0.393530
C -3.633199 4.085831 0.000000
C -2.693510 3.022669 0.000000
C -1.8892692.109941 0.000000
C -0.951534 1.0454490.000000
C -1.392339 -0.315410 0.000000
C -0.479223 -1.3062270.000000
C 0.951534 -1.045449 0.000000
C 1.3923390.315410 0.000000

C 0.479223 1.306227 0.000000
C -5.332267 -1.268981 0.000000
C -3.952128 -0.940257 0.000000
C -2.770048 -0.644771 0.000000
C 1.889269 -2.109941 0.000000
C 2.693510 -3.022669 0.000000
C 3.633199 -4.085831 0.000000
C 4.989063 -3.827105 0.393530
H 5.299049 -2.808338 0.601561
H 5.981249 -0.671342 -0.692499
C 6.303318 0.321659 -0.392336
C 5.332267 1.268981 0.000000
C 3.9521280.9402570.000000
C 2.7700480.644771 0.000000
C 5.786280 2.553945 0.350957
C 7.6525960.633851 -0.413262
C 7.133678 2.876314 0.335596
C 8.111502 1.922213 0.000000
N 3.230433 -5.415079 -0.165514
C 4.151781 -6.452286 -0.128613
C 5.483942 -6.162334 0.168912
C 5.913811 -4.8609290.431933
C -7.652596 -0.633851 0.413262
C -8.111502 -1.922213 0.000000
C -7.133678 -2.876314 -0.335596
C -5.786280 -2.553945 -0.350957
C -5.913811 4.860929 -0.431933
C -5.4839426.162334 -0.168912
C -4.151781 6.4522860.128613
N -3.2304335.4150790.165514
H -0.744616 -2.3624730.000000
H 0.7446162.362473 0.000000
H 5.0615563.3068790.646217
H 8.356786 -0.128092 -0.724813
H 7.4292983.8794540.617976
N 9.456101 2.234425 0.000000
H 3.860682 -7.476731 -0.324954
H 6.956571 -4.6809040.662168
H -8.356786 0.1280920.724813
N -9.456101 -2.2344250.000000
H -7.429298 -3.879454 -0.617976
H -5.061556 -3.306879 -0.646217
H -6.956571 4.680904 -0.662168
H -3.8606827.476731 0.324954
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C 10.425503 1.266231 -0.529342
C 9.887376 3.590491 0.249749
H 10.258765 1.000763 -1.584008
H 10.397705 0.341600 0.000000
H 11.428037 1.687543 -0.440087
H 9.573016 3.901348 1.254627
H 9.491033 4.320734 -0.471603
H 10.9769933.6354740.214127
C -9.887376 -3.590491 -0.249749
C -10.425503 -1.266231 0.529342
H -9.491033 -4.3207340.471603
H -9.573016 -3.901348 -1.254627
H -10.976993 -3.635474 -0.214127
H -10.397705 -0.341600 0.000000
H -10.258765 -1.000763 1.584008
H -11.428037 -1.6875430.440087
H -6.240299 6.937054 -0.190128
H 6.240299 -6.937054 0.190128

4'
B3LYP/6-31G* = -1761.10965641 au

C -0.014476 7.296917 2.350075
H -0.017006 7.383259 1.265256
H -0.017006 7.383259 -1.265256
C -0.014476 7.296917 -2.350075
C -0.004968 6.014766 -2.941146
C 0.001355 4.839064 -2.143402
C 0.007060 3.831562 -1.460977
C 0.013643 2.624014 -0.714011
C 0.013643 2.6240140.714011
C 0.020496 1.395929 1.388979
C 0.0272680.165211 0.715017
C 0.0272680.165211 -0.715017
C 0.0204961.395929 -1.388979
C -0.0049686.0147662.941146
C 0.0013554.8390642.143402
C 0.007060 3.831562 1.460977
C 0.031637 -1.040458 1.460373
C 0.033716 -2.051220 2.140493
C 0.034417 -3.226748 2.935713
C 0.097947 -4.5086602.353935

H 0.146464 -4.5933441.272319
H 0.146464 -4.593344 -1.272319
C 0.097947 -4.508660 -2.353935
C 0.034417 -3.226748 -2.935713
C 0.033716 -2.051220 -2.140493
C 0.031637 -1.040458 -1.460373
C -0.035249 -3.157529 -4.341917
C 0.095293 -5.658167 -3.128357
C -0.039498 -4.300731 -5.125374
C 0.033835 -5.589228 -4.541744
C -0.035249 -3.157529 4.341917
C -0.039498 -4.300731 5.125374
C 0.033835 -5.589228 4.541744
C 0.095293 -5.6581673.128357
N -0.020747 8.4364243.039869
C -0.017760 8.352783 4.377378
C -0.0085087.1416325.072093
C -0.002024 5.9555644.347430
N -0.0207478.436424 -3.039869
C -0.017760 8.352783 -4.377378
C -0.0085087.141632 -5.072093
C -0.002024 5.955564 -4.347430
H 0.020472 1.3956672.473394
H 0.020472 1.395667 -2.473394
H -0.091569 -2.183982 -4.819826
H 0.139506 -6.618567 -2.628945
H -0.1 00861 -4.189583 -6.201251
N 0.050264 -6.732471 -5.320976
H -0.091569 -2.183982 4.819826
H -0.100861 -4.189583 6.201251
N 0.050264 -6.732471 5.320976
H 0.139506 -6.618567 2.628945
H -0.006444 7.131752 6.158078
H 0.005283 4.9910354.845952
H -0.006444 7.131752 -6.158078
H 0.0052834.991035 -4.845952
C -0.019599 -8.038204 -4.687929
C -0.172703 -6.631927 -6.753247
H -0.947643 -8.180298 -4.112488
H 0.827644 -8.195217 -4.008626
H 0.026170 -8.811511 -5.456781
H 0.594041 -6.009645 -7.231560
H -1.157896 -6.205722 -6.998090
H -0.113068 -7.627853 -7.195672
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C -0.019599 -8.038204 4.687929
C -0.172703 -6.6319276.753247
H 0.827644 -8.195217 4.008626
H -0.947643 -8.1802984.112488
H 0.026170 -8.811511 5.456781
H -1.157896 -6.205722 6.998090
H 0.594041 -6.0096457.231560
H -0.113068 -7.627853 7.195672
H -0.023002 9.298913 -4.915670
H -0.023002 9.298913 4.915670

5'
B3LYP/6-31 G* = -1761.11098394 au

C -5.902164 3.062376 -0.336672
H -5.894621 2.004835 -0.593332
H -5.946560 -0.249993 0.438633
C -5.929324 -1.322022 0.266878
C -4.692562 -1.959829 0.040085
C -3.479580 -1.223887 0.020027
C -2.445372 -0.579946 0.003401
C -1.231614 0.151332 -0.003830
C -1.225784 1.5811150.019934
C 0.0025502.255667 0.027536
C 1.227744 1.576288 0.005243
C 1.2263100.146542 -0.017385
C -0.003508 -0.526737 -0.023267
C -4.686335 3.698434 -0.002461
C -3.4676532.968393 0.014546
C-2.4381112.319891 0.022596
C 2.444736 2.306825 -0.012939
C 3.484350 2.938217 -0.044818
C 4.707072 3.659953 -0.093278
C 5.920691 3.035591 -0.438275
H 5.931097 1.976804 -0.679208
H 5.897281 -0.2911890.671701
C 5.907008 -1.337276 0.379487
C 4.695804 -1.953271 0.004285
C 3.476915 -1.225806 -0.012531
C 2.439648 -0.587226 -0.021918

C 4.743911 -3.318003 -0.343629
C 7.101675 -2.039717 0.401261
C 5.933907 -4.028601 -0.327662
C 7.153691 -3.4078290.037388
C 4.7520555.0401140.200292
N 5.8642685.7738050.171128
C 7.006617 5.155494 -0.158870
C 7.0836753.796353 -0.469877
N -7.083572 3.677785 -0.367739
C -7.110338 4.983611 -0.065696
C -5.972317 5.717956 0.273318
C -4.742717 5.070015 0.306747
C -7.119189 -2.031626 0.280159
C -7.138263 -3.432793 0.071309
C -5.895418 -4.072208 -0.160543
C -4.710596 -3.353279 -0.171257
H 0.004917 3.3401760.041020
H -0.005887 -1.611002 -0.035570
H 3.825704 -3.822535 -0.629398
H 8.001884 -1.520640 0.707634
H 5.913541 -5.077037 -0.599459
N 8.347147 -4.107148 0.034584
H 3.833553 5.5575960.470155
H 8.036803 3.347417 -0.733756
H -6.0515566.7755730.507075
H -3.8328485.6018860.567710
H -8.041663 -1.4908100.452689
N -8.321363 -4.1474390.097403
H -5.854489 -5.140345 -0.336307
H -3.773855 -3.871921 -0.352770
C -8.321303 -5.558743 -0.247727
C -9.589109 -3.443315 0.195541
C 9.548585 -3.4854370.565329
C 8.343770 -5.540525 -0.204458
H -7.676712 -6.133550 0.429368
H -7.979346 -5.740714 -1.278303
H -9.335256 -5.950668 -0.151443
H -9.756476 -2.758639 -0.649784
H -9.649190 -2.8585091.122120
H -10.402090 -4.171218 0.210297
H 9.449830 -3.214877 1.627961
H 9.805238 -2.576610 0.006590
H 10.384280 -4.180419 0.467195
H 7.916652 -5.776904 -1.186962
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H 7.773716 -6.095284 0.556865
H 9.371741 -5.906946 -0.194598
H 7.899731 5.777737 -0.175410
H -8.087520 5.462229 -0.097944

6'
B3LYP/6-31G* = -1761.11104730 au

C 6.321617 -0.256857 -0.199137
H 6.012037 0.770878 -0.363700
H 5.2421842.9110580.662669
C 4.9288453.913691 0.378222
C 3.583532 4.1370680.011663
C 2.6487623.067053 -0.002805
C 1.8689182.133258 -0.010473
C 0.943312 1.056064 -0.011101
C 1.393980 -0.300366 0.018252
C 0.432204 -1.321680 0.030957
C -0.943312 -1.056064 0.011101
C -1.393980 0.300366 -0.018252
C -0.432204 1.321680 -0.030957
C 5.337069 -1.244606 0.007142
C 3.956420 -0.916096 0.017609
C 2.774172 -0.621633 0.023771
C -1.868918 -2.133258 0.010473
C -2.648762 -3.067053 0.002805
C -3.583532 -4.137068 -0.011663
C -4.928845 -3.913691 -0.378222
H -5.242184 -2.911058 -0.662669
H -6.012037 -0.770878 0.363700
C -6.321617 0.256857 0.199137
C -5.3370691.244606 -0.007142
C -3.956420 0.916096 -0.017609
C -2.774172 0.621633 -0.023771
C -5.778454 2.569775 -0.195593
C -7.671490 0.569682 0.210596
C -7.126245 2.893036 -0.186078
C -8.116782 1.899153 0.008422
C -3.221235 -5.452021 0.333921
C -4.190719 -6.4479520.302840
C -5.492267 -6.107407 -0.070496
N -5.862548 -4.864011 -0.407613

C 7.671490 -0.569682 -0.210596
C 8.116782 -1.899153 -0.008422
C 7.126245 -2.893036 0.186078
C 5.778454 -2.5697750.195593
N 5.8625484.864011 0.407613
C 5.492267 6.107407 0.070496
C 4.190719 6.447952 -0.302840
C 3.2212355.452021 -0.333921
H 0.766287 -2.353255 0.049510
H -0.7662872.353255 -0.049510
H -5.0433823.354181 -0.349998
H -8.385059 -0.2276050.379454
H -7.410856 3.928193 -0.331319
N -9.4635792.213100 -0.003177
H -2.197352 -5.671327 0.621032
H -3.945686 -7.473096 0.564563
H 8.385059 0.227605 -0.379454
N 9.463579 -2.213100 0.003177
H 7.410856 -3.9281930.331319
H 5.043382 -3.354181 0.349998
H 3.945686 7.473096 -0.564563
H 2.1973525.671327 -0.621032
C -10.4458301.1955960.331177
C -9.8803553.603514 -0.063838
H -10.324850 0.812302 1.356152
H -10.384880 0.344140 -0.357989
H -11.446590 1.622110 0.243006
H -9.5175704.088019 -0.979275
H -9.520443 4.189410 0.795994
H -10.970660 3.649999 -0.074822
C 9.880355 -3.603514 0.063838
C 10.445830 -1.195596 -0.331177
H 9.520443 -4.189410 -0.795994
H 9.517570 -4.0880190.979275
H 10.970660 -3.649999 0.074822
H 10.384880 -0.344140 0.357989
H 10.324850 -0.812302 -1.356152
H 11.446590 -1.622110 -0.243006
H 6.273910 6.864334 0.102016
H -6.273910 -6.864334 -0.102016
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7'
B3LYP/6-31G* = -1761.10994771 au

C -7.339193 2.184876 -0.373301
H -7.3523841.137675 -0.657732
H -7.345728 -1.143203 0.678949
C -7.332670 -2.190878 0.396257
C -6.124915 -2.8101810.021815
C -4.902900 -2.083529 -0.006718
C -3.866552 -1.446661 -0.023110
C -2.650768 -0.713121 -0.026934
C -2.651535 0.715019 0.011456
C -1.426193 1.3930790.027137
C -0.1961980.7179850.002393
C -0.195452 -0.712633 -0.032335
C -1.424459 -1.389405 -0.050254
C -6.129652 2.806108 -0.007972
C -4.905986 2.081839 0.009368
C -3.868425 1.4468220.016872
C 1.015488 1.452241 -0.001305
C 2.0495432.096113 -0.020809
C 3.263334 2.830389 -0.050576
C 4.4912032.197779 -0.333272
H 4.499211 1.131076 -0.537298
H 4.478449 -1.1542080.642711
C 4.482797 -2.204226 0.365144
C 3.268166 -2.819661 0.000000
C 2.052575 -2.087595 -0.022758
C 1.017520 -1.445315 -0.035867
C 3.308865 -4.189024 -0.330656
C 5.673760 -2.912504 0.394113
C 4.495270 -4.905166 -0.307592
C 5.718460 -4.285521 0.047968
C 3.290518 4.217077 0.200360
C 4.475507 4.9351680.173570
C 5.709295 4.301898 -0.115762
C 5.681299 2.907221 -0.363845
C -8.5090752.939015 -0.372708
N -8.567204 4.236958 -0.043583
C -7.412436 4.823211 0.301062
C -6.183819 4.1697080.336027
C -8.500881 -2.9475140.406981
N -8.559025 -4.246185 0.080734
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C -7.405967 -4.830576 -0.272711
C -6.179107 -4.174514 -0.319316
H -1.426722 2.477265 0.049959
H -1.423559 -2.473598 -0.072957
H 2.387754 -4.692710 -0.608490
H 6.577196 -2.393904 0.691651
H 4.469502 -5.956839 -0.566013
N 6.908319 -4.990822 0.052682
H 2.360640 4.731344 0.424421
H 4.4417165.9980820.379833
N 6.8914205.016698 -0.158831
H 6.5974662.372744 -0.584237
H -9.453611 2.475623 -0.653507
H -7.4734875.8778530.565176
H -5.281486 4.6985530.624984
H -9.443982 -2.485630 0.695006
H -7.466987 -5.885829 -0.534380
H -5.278125 -4.701970 -0.614951
C 8.113934 -4.368103 0.572296
C 6.897883 -6.426934 -0.169720
H 8.018596 -4.082116 1.631206
H 8.374305 -3.468478 0.000401
H 8.945749 -5.068853 0.482540
H 6.469205 -6.672665 -1.149238
H 6.325409 -6.969796 0.598247
H 7.924035 -6.798257 -0.155828
C 8.152807 4.320309 -0.343664
C 6.902173 6.4228590.206802
H 8.173490 3.776183 -1.296884
H 8.356136 3.599666 0.463110
H 8.965080 5.048866 -0.360360
H 6.584368 6.588424 1.247508
H 6.243307 7.010034 -0.445866
H 7.914616 6.814189 0.094464

8'
B3LYP/6-31G* = -1761.11018624 au

C 0.000000 5.910937 3.245818
H 0.000000 6.004794 2.164854
H 0.0000005.993216 -0.346031
C 0.000000 5.903559 -1.428300



C 0.000000 4.618226 -2.007015
C 0.000000 3.445999 -1.208324
C 0.000000 2.435817 -0.526790
C 0.000000 1.230230 0.217323
C 0.0000001.227884 1.647237
C 0.0000000.0000002.322789
C 0.000000 -1.227884 1.647237
C 0.000000 -1.230230 0.217323
C 0.000000 0.000000 -0.456996
C 0.0000004.637421 3.845727
C 0.0000003.450181 3.064378
C 0.0000002.4359872.392028
C 0.000000 -2.4359872.392028
C 0.000000 -3.450181 3.064378
C 0.000000 -4.637421 3.845727
C 0.000000 -5.9109373.245818
H 0.000000 -6.004794 2.164854
H 0.000000 -5.993216 -0.346031
C 0.000000 -5.903559 -1.428300
C 0.000000 -4.618226 -2.007015
C 0.000000 -3.445999 -1.208324
C 0.000000 -2.435817 -0.526790
C 0.000000 -4.541868 -3.414997
C 0.000000 -7.049919 -2.206166
C 0.000000 -5.681384 -4.202825
C 0.000000 -6.973800 -3.621282
C 0.000000 -4.590424 5.252903
C 0.000000 -5.785490 5.966263
N 0.000000 -7.000397 5.400109
C 0.000000 -7.039064 4.060368
C 0.000000 7.039064 4.060368
N 0.000000 7.000397 5.400109
C 0.000000 5.785490 5.966263
C 0.000000 4.590424 5.252903
C 0.000000 7.049919 -2.206166
C 0.0000006.973800 -3.621282
C 0.000000 5.681384 -4.202825
C 0.0000004.541868 -3.414997
H 0.000000 0.000000 3.407330
H 0.000000 0.000000 -1.541215
H 0.000000 -3.565328 -3.890056
H 0.000000 -8.013242 -1.710467
H 0.000000 -5.566299 -5.280055
N 0.000000 -8.111661 -4.401786
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H 0.000000 -3.636014 5.769137
H 0.000000 -5.767002 7.055043
H 0.000000 -8.031746 3.612479
H 0.000000 8.0317463.612479
H 0.000000 5.7670027.055043
H 0.000000 3.6360145.769137
H 0.000000 8.013242 -1.710467
N 0.0000008.111661 -4.401786
H 0.000000 5.566299 -5.280055
H 0.0000003.565328 -3.890056
C 0.0000008.001508 -5.850113
C 0.000000 9.423623 -3.778107
C 0.000000 -9.423623 -3.778107
C 0.000000 -8.001508 -5.850113
H -0.889042 7.471414 -6.220092
H 0.8890427.471414 -6.220092
H 0.000000 9.001694 -6.286132
H 0.889131 9.578425 -3.150678
H -0.889131 9.578425 -3.150678
H 0.00000010.190060 -4.554675
H -0.889131 -9.578425 -3.150678
H 0.889131 -9.578425 -3.150678
H 0.000000 -10.190060 -4.554675
H 0.889042 -7.471414 -6.220092
H -0.889042 -7.471414 -6.220092
H 0.000000 -9.001694 -6.286132

9'
B3LYP/6-31G* = -1761.11035922 au

C 5.818382 -2.455019 -0.342045
H 5.864231 -1.403408 -0.609874
H 5.9545800.848593 0.686919
C 5.995040 1.902005 0.429312
C 4.8197932.5907350.073062
C 3.563046 1.926842 0.032044
C 2.498529 1.338910 0.006141
C 1.2524500.657863 -0.007317
C 1.199995 -0.7706860.021479
C -0.058472 -1.3903930.031256



C -1.252450 -0.657863 0.007317
C -1.199995 0.770686 -0.021479
C 0.058472 1.390393 -0.031256
C 4.573248 -3.0199800.001943
C 3.389960 -2.2365270.017865
C 2.381706 -1.552723 0.027246
C -2.498529 -1.338910 -0.006141
C -3.563046 -1.926842 -0.032044
C -4.819793 -2.590735 -0.073062
C -5.995040 -1.902005 -0.429312
H -5.954580 -0.848593 -0.686919
H -5.864231 1.403408 0.609874
C -5.818382 2.455019 0.342045
C -4.573248 3.019980 -0.001943
C -3.389960 2.236527 -0.017865
C -2.3817061.552723 -0.027246
C -4.5500244.392729 -0.320460
C -6.9778933.213781 0.361901
C -5.7041765.159736 -0.305561
C -6.957812 4.5908680.029186
C -4.942710 -3.957954 0.236922
C -6.201591 -4.5494580.179802
N -7.324132 -3.899038 -0.156331
C -7.200095 -2.597892 -0.453376
C 6.977893 -3.213781 -0.361901
C 6.957812 -4.590868 -0.029186
C 5.704176 -5.1597360.305561
C 4.550024 -4.392729 0.320460
C 7.200095 2.597892 0.453376
N 7.324132 3.899038 0.156331
C 6.201591 4.549458 -0.179802
C 4.9427103.957954 -0.236922
H -0.108122 -2.473553 0.048265
H 0.108122 2.473553 -0.048265
H -3.6043854.857914 -0.582602
H -7.907202 2.7325850.641888
H -5.6298756.211276 -0.554961
N -8.114468 5.3475260.027483
H -4.069144 -4.537358 0.517259
H -6.315863 -5.605913 0.417684
H -8.119053 -2.082124 -0.727937
H 7.907202 -2.732585 -0.641888
N 8.114468 -5.347526 -0.027483
H 5.629875 -6.211276 0.554961

H 3.604385 -4.857914 0.582602
H 8.1190532.0821240.727937
H 6.315863 5.605913 -0.417684
H 4.069144 4.537358 -0.517259
C -9.359686 4.7671840.500997
C -8.041060 6.781038 -0.197637
H -9.303080 4.452439 1.554230
H -9.6453883.893630 -0.098835
H -10.156920 5.506742 0.409444
H -7.602769 7.007863 -1.177897
H -7.443932 7.297537 0.569408
H -9.0494187.198016 -0.181549
C 8.041060 -6.781038 0.197637
C 9.359686 -4.767184 -0.500997
H 7.443932 -7.297537 -0.569408
H 7.602769 -7.007863 1.177897
H 9.049418 -7.198016 0.181549
H 9.645388 -3.893630 0.098835
H 9.303080 -4.452439 -1.554230
H 10.156920 -5.506742 -0.409444
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CHAPTER III

Cartesian Coordinates ofCalculated Structures

3a'
Point Group: C1
B3LYP/6-31G* = -1281.75529194 au
B3LYP/6-31G* Zero Point Corrected Energy = -1281.338508 au
NIMAG=O

C 1.15837600 3.56160800 0.01147800
C -1.15837800 3.56160800 0.01147600
C 2.31337100 2.71825600 0.00313400
C 3.11663500 1.80473300 -0.00540900
C 3.92943000 0.64410800 -0.01676600
C -2.31337300 2.71825600 0.00313300
C -3.11663700 1.80473300 -0.00545000
C -3.92943200 0.64410800 -0.01678800
C -3.31832000 -0.64845900 -0.03350200
C -1.90156300 -0.76919800 -0.03560000
C -0.67992400 -0.80378600 -0.03638500
C 0.67992300 -0.80378600 -0.03638200
C 1.90156200 -0.76919800 -0.03559300
C 3.31831900 -0.64845800 -0.03349500
C 5.33220900 0.70142800 -0.00624300
C 6.11559400 -0.44228100 -0.01468200
C 5.52566900 -1.73031800 -0.04210100
C 4.11639100 -1.80031100 -0.04223500
C -5.33221100 0.70142800 -0.00626900
C -6.11559500 -0.44228200 -0.01468900
C -5.52567000 -1.73032000 -0.04208700
C -4.11639200 -1.80031200 -0.04222500
H 5.81261700 1.67511000 0.01294900
H 7.19294200 -0.33196900 0.00011700
N 6.30137100 -2.87615800 -0.07300000
H 3.61109800 -2.75727400 -0.04715700
H -5.81261800 1.67511000 0.01290700
H -7.19294400 -0.33197000 0.00010600
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N -6.30136700 -2.87616100 -0.07296300
H -3.61109900 -2.75727600 -0.04713600
C 1.20621100 4.96805300 0.02631100
C -1.20621400 4.96805300 0.02631000
C -0.000001 00 5.66600900 0.03360500
H -0.00000100 6.75277200· 0.04501800
C 7.74027500 -2.77586500 0.10233900
C 5.66795500 -4.17877900 0.04604400
C -7.74027600 -2.77587200 0.10233500
C -5.66794300 -4.17877900 0.04606500
H 8.01860900 -2.33771300 1.07341800
H 8.19519100 -2.16565500 -0.68797400
H 8.17791200 -3.77379900 0.04125800
H 4.94820800 -4.34343700 -0.76520200
H 5.13750600 -4.30589100 1.00253400
H 6.43156200 -4.95520800 -0.02700900
H -8.19518200 -2.16570600 -0.68801700
H -8.01863400 -2.33767400 1.07338600
H -8.17790200 -3.77381400 0.04129800
H -5.13747000 -4.30588500 1.00254100
H -4.94821400 -4.34343500 -0.76519800
H -6.43154800 -4.95521200 -0.02696600
N -0.00000100 2.87866300 0.00418000
H -2.16068100 5.48411600 0.03182200
H 2.16067800 5.48411600 0.03182200

3a'+
Point Group: Cl
B3LYP/6-31 G* = -1282.18331855 au
B3LYP/6-31G* Zero Point Corrected Energy =-1281.751962 au
NIMAG=O

C 1.21962900 3.55789200 -0.00011000
C -1.21962900 3.55789200 -0.00010800
C 2.33009800 2.70587800 -0.00056600
C 3.10690600 1.76148700 -0.00039700
C 3.92359300 0.62115800 -0.00027200
C -2.33009800 2.70587800 -0.00056000
C -3.10690600 1.76148700 -0.00041600
C -3.92359300 0.62115800 -0.00028500
C -3.31916800 -0.67954300 -0.00046600
C -1.90193900 -0.80063800 -0.00064100
C -0.68033600 -0.84835900 -0.00101800
C 0.68033600 -0.84835900 -0.00101800
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C 1.90193900 -0.80063800 -0.00064000
C 3.31916800 -0.67954300 -0.00046200
C 5.33136100 0.69715200 -0.00002300
C 6.11840100 -0.43595500 0.00014000
C 5.53640400 -1.73570400 0.00013500
C 4.11863900 -1.82050300 -0.00031700
C -5.33136100 0.69715200 -0.00004000
C -6.11840100 -0.43595500 0.00013000
C -5.53640400 -1.73570400 0.00013500
C -4.11863900 -1.82050300 -0.00031400
H 5.80262100 1.67489900 -0.00004400
H 7.19438900 -0.31972600 0.00009400
N 6.31034000 -2.85958600 0.00042400
H 3.62605400 -2.78350800 -0.00049600
H -5.80262100 1.67489900 -0.00007000
H -7.19438900 -0.31972600 0.00008200
N -6.31034000 -2.85958600 0.00043100
H -3.62605400 -2.78350800 -0.00048500
C 1.21853700 4.95833500 0.00062500
C -1.21853700 4.95833500 0.00062700
C 0.00000000 5.63860600 0.00099000
H 0.00000000 6.72434000 0.00157000
C . 7.76646000 -2.75054900 0.00179100
C 5.69293000 -4.18229300 -0.00047000
C -7.76646000 -2.75055000 0.00179600
C -5.69292900 -4.18229300 -0.00045100
H 8.12878400 -2.22191900 0.89232700
H 8.13083800 -2.22443600 -0.88943100
H 8.19847000 -3.75098200 0.00375500
H 5.07144600 -4.33510300 -0.89182300
H 5.07082100 -4.33608500 0.89028800
H 6.47545900 -4.94069400 -0.00064900
H -8.13083700 -2.22444200 -0.88942900
H -8.12878600 -2.22191600 0.89232900
H -8.19847000 -3.75098300 0.00376400
H -5.07082200 -4.33607800 0.89030900
H -5.07144300 -4.33510900 -0.89180100
H -6.47545700 -4.94069400 -0.00062700
N 0.00000000 2.92739800 -0.00046600
H -2.16401000 5.48570900 0.00090300
H 2.16400900 5.48570900 0.00089900
H 0.00000000 1.90984900 -0.00096000

3a,2+



Point Group: C1
B3LYP/6-31G* = -1282.47379682 au
B3LYP/6-31G* Zero Point Corrected Energy =-1282.028261 au
NIMAG=O

C -1.16664300 3.61279200 -0.00017400
C 1.26705700 3.57290000 -0.00022300
C -2.29215200 2.75257800 -0.00025100
C -3.08113800 1.82810600 -0.00008500
C -3.92705300 0.68850300 -0.00005800
C 2.36324800 2.71566000 -0.00040500
C 3.12280800 1.75330200 -0.00022400
C 3.91995400 0.60737500 0.00005500
C 3.30182900 -0.69050300 -0.00009300
C 1.88335000 -0.79582700 -0.00027000
C 0.66036800 -0.83516000 -0.00008800
C -0.69818300 -0.82220400 -0.00002900
C -1.92030400 -0.76012100 -0.00002400
C -3.32913500 -0.61389800 -0.00000400
C -5.32419600 0.81539800 -0.00004500
C -6.14182000 -0.31141900 0.00001500
C -5.54775000 -1.57245100 0.00007400
C -4.16894900 -1.74354500 0.00006100
C 5.33187600 0.66465300 0.00055300
C 6.10257800 -0.47662400 0.00066000
C 5.50694300 -1.77357700 0.00005300
C 4.08258700 -1.84108700 -0.00001900
H -5.76906400 1.80439000 -0.00008700
H -7.22259600 -0.19216400 0.00001900
N -6.44099200 -2.76719600 0.00016100
H -3.71193800 -2.72710800 0.00010100
H 5.81584400 1.63590200 0.00088800
H 7.17966800 -0.37313500 0.00117600
N 6.26327700 -2.89976100 -0.00020700
H 3.58049900 -2.79914700 0.00020600
C -1.16524300 4.99887500 0.00011200
C 1.27225100 4.98503500 0.00008100
C 0.07098400 5.67525600 0.00023700
H 0.07971000 6.76069900 0.00046800
C -6.30991600 -3.60601200 -1.25541400
C -6.30986000 -3.60586000 1.25583000
C 7.72564600 -2.80949700 0.00057800
C 5.63417200 -4.22091100 -0.00094400
H -5.31508400 -4.04997500 -1.27632000

322



323

H -6.45371500 -2.95726000 -2.11971900
H -7.07089300 -4.38765600 -1.22834700
H -6.45360200 -2.95700200 2.12006500
H -5.31503300 -4.04983500 1.27673700
H -7.07084900 -4.38749800 1.22890200
H 8.09051100 -2.28783800 0.89293000
H 8.09145200 -2.28738500 -0.89113500
H 8.14342300 -3.81518300 0.00062100
H 5.01386900 -4.36601100 -0.89350300
H 5.01445000 -4.36739100 0.89181300
H 6.41095700 -4.98420200 -0.00178700
N 0.03954400 2.96046200 -0.00035800
H 2.22363100 5.50289600 0.00018600
H -2.10473600 5.53711000 0.00024500
H 0.03002900 1.94354500 -0.00054500
H -7.39919900 -2.40070000 0.00016000

3a,3+

Point Group: C1
B3LYP/6-31G* = -1282.69606824 au
B3LYP/6-31G* Zero Point Corrected Energy = -1282.236267 au
NIMAG=O

C -1.16664300 3.61279200 -0.00017400
C 1.26705700 3.57290000 -0.00022300
C -2.29215200 2.75257800 -0.00025100
C -3.08113800 1.82810600 -0.00008500
C -3.92705300 0.68850300 -0.00005800
C 2.36324800 2.71566000 -0.00040500
C 3.12280800 1.75330200 -0.00022400
C 3.91995400 0.60737500 0.00005500
C 3.30182900 -0.69050300 -0.00009300
C 1.88335000 -0.79582700 -0.00027000
C 0.66036800 -0.83516000 -0.00008800
C -0.69818300 -0.82220400 -0.00002900
C -1.92030400 -0.76012100 -0.00002400
C -3.32913500 -0.61389800 -0.00000400
C -5.32419600 0.81539800 -0.00004500
C -6.14182000 -0.31141900 0.00001500
C -5.54775000 -1.57245100 0.00007400
C -4.16894900 -1.74354500 0.00006100
C 5.33187600 0.66465300 0.00055300



C 6.10257800 -0.47662400 0.00066000
C 5.50694300 -1.77357700 0.00005300
C 4.08258700 -1.84108700 -0.00001900
H -5.76906400 1.80439000 -0.00008700
H -7.22259600 -0.19216400 0.00001900
N -6.44099200 -2.76719600 0.00016100
H -3.71193800 -2.72710800 0.00010100
H 5.81584400 1.63590200 0.00088800
H 7.17966800 -0.37313500 0.00117600
N 6.26327700 -2.89976100 -0.00020700
H 3.58049900 -2.79914700 0.00020600
C -1.16524300 4.99887500 0.00011200
C 1.27225100 4.98503500 0.00008100
C 0.07098400 5.67525600 0.00023700
H 0.07971000 6.76069900 0.00046800
C -6.30991600 -3.60601200 -1.25541400
C -6.30986000 -3.60586000 1.25583000
C 7.72564600 -2.80949700 0.00057800
C 5.63417200 -4.22091100 -0.00094400
H -5.31508400 -4.04997500 -1.27632000
H -6.45371500 -2.95726000 -2.11971900
H -7.07089300 -4.38765600 -1.22834700
H -6.45360200 -2.95700200 2.12006500
H -5.31503300 -4.04983500 1.27673700
H -7.07084900 -4.38749800 1.22890200
H 8.09051100 -2.28783800 0.89293000
H 8.09145200 -2.28738500 -0.89113500
H 8.14342300 -3.81518300 0.00062100
H 5.01386900 -4.366011 00 -0.89350300
H 5.01445000 -4.36739100 0.89181300
H 6.41095700 -4.98420200 -0.00178700
N 0.03954400 2.96046200 -0.00035800
H 2.22363100 5.50289600 0.00018600
H -2.10473600 5.53711000 0.00024500
H 0.03002900 1.94354500 -0.00054500
H -7.39919900 -2.40070000 0.00016000

3a,d+

Point Group: Cl
B3LYP/6-31G* = -1282.13330775 au
B3LYP/6-31G* Zero Point Corrected Energy = -1281.702314 au
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NIMAG=O

C -1.14864900 3.60101000 0.00004900
C 1.16253700 3.56926600 -0.00004300
C -2.30753000 2.75754000 0.00001300
C -3.13231000 1.86460600 0.00007800
C -3.94711300 0.70939700 0.00006200
C 2.30963700 2.72094600 -0.00017400
C 3.11077200 1.80547000 -0.00012500
C 3.92050200 0.64502200 -0.00012000
C 3.30689900 -0.64654200 -0.00016400
C 1.89034300 -0.75090600 -0.00020500
C 0.66732000 -0.77030300 -0.00016400
C -0.68804800 -0.75052900 -0.00012500
C -1.91141000 -0.71136600 -0.00008600
C -3.31770000 -0.58480600 -0.00001900
C -5.34958900 0.79193600 0.00013500
C -6.14284700 -0.35178700 0.00012100
C -5.51482500 -1.59576100 0.00003700
C -4.13333300 -1.73246400 -0.00003300
C 5.32413100 0.69421900 -0.00004400
C 6.09718900 -0.45488700 -0.00002700
C 5.50324400 -1.74439400 -0.00009400
C 4.09090800 -1.80674100 -0.00015000
H -5.81640200 1.77080000 0.00020100
H -7.22711800 -0.26204600 0.00017600
N -6.37609000 -2.81518500 0.00002200
H -3.65094400 -2.70443200 -0.00009700
H 5.81206600 1.66385300 0.00000000
H 7.17509000 -0.35163100 0.00002600
N 6.26976300 -2.88533500 -0.00010800
H 3.58114800 -2.76127400 -0.00016300
C -1.19450300 5.00344400 0.00024100
C 1.21633500 4.97819100 0.00014500
C 0.02061700 5.69039400 0.00028500
H 0.03315400 6.77633700 0.00043200
C -6.21909300 -3.64659700 -1.25218100
C -6.21897100 -3.64671400 1.25213300
C 7.72255900 -2.79021400 0.00037700
C 5.63315400 -4.19312500 -0.00007600
H -5.20646100 -4.04771100 -1.27736000
H -6.38594000 -3.00010800 -2.11384600
H -6.94799200 -4.45884500 -1.22832600
H -6.38574600 -3.00030900 2.11387400



H -5.20633300 -4.04781900 1.27718200
H -6.94786400 -4.45896700 1.22826700
H 8.09564000 -2.26595600 0.89050400
H 8.09621300 -2.26585900 -0.88944800
H 8.14618200 -3.79500800 0.00045300
H 5.00590600 -4.34031000 -0.89013700
H 5.00620500 -4.34048400 0.89017900
H 6.40261400 -4.96581100 -0.00029900
N -0.00364500 2.89868400 -0.00010200
H 2.17505700 5.48589700 0.00018200
H -2.14434800 5.52731600 0.00035400
H -7.34166200 -2.47060300 0.00008600

3b'
Point Group: C1
B3LYP/6-31G* = -1281.75839526 au
B3LYP/6-31G* Zero Point Corrected Energy = -1281.340840 au
NIMAG=O

C 1.21586500 3.58951600 0.01109100
C -1.21586600 3.58951500 0.01109100
C 2.39046100 2.78414000 0.00321500
C 3.16650100 1.84550000 -0.00517300
C 3.95416600 0.66732700 -0.01610000
C -2.39046200 2.78414000 0.00321600
C -3.16650200 1.84550000 -0.00520900
C -3.95416700 0.66732700 -0.01612100
C -3.32109000 -0.61470500 -0.03218100
C -1.90201500 -0.72188900 -0.03392900
C -0.68071800 -0.79527800 -0.03500500
C 0.68071800 -0.79527800 -0.03500400
C 1.90201500 -0.72188900 -0.03392600
C 3.32109000 -0.61470400 -0.03217500
C 5.35835300 0.69740300 -0.00582900
C 6.11986200 -0.46045500 -0.01416900
C 5.50768200 -1.73832200 -0.04127700
C 4.09775800 -1.78203800 -0.04074000
C -5.35835300 0.69740300 -0.00585400
C -6.11986200 -0.46045600 -0.01417900
C -5.50768200 -1.73832200 -0.04126800
C -4.09775800 -1.78203800 -0.04073100
H 5.85673800 1.66183600 0.01299600
H 7.19899300 -0.36960800 0.00045300
N 6.26245500 -2.89728500 -0.07232200
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H 3.57498900 -2.72955000 -0.04496200
H -5.85673900 1.66183600 0.01295600
H -7.19899400 -0.36960800 0.00043900
N -6.26245300 -2.89728600 -0.07229400
H -3.57498900 -2.72955200 -0.04494200
C 1.15175400 4.99638200 0.02657800
C -1.15175500 4.99638200 0.02657900
C 7.70356600 -2.82311200 0.10093900
C 5.60529700 -4.18848600 0.04281900
C -7.70356700 -2.82311400 0.10093800
C -5.60529200 -4.18848600 0.04284300
H 7.99075500 -2.38952400 1.07134000
H 8.16863400 -2.22221600 -0.69056300
H 8.12248000 -3.82897000 0.04029000
H 4.88331500 -4.33779900 -0.76947000
H 5.07218200 -4.30832200 0.99874800
H 6.35456500 -4.97847700 -0.03174100
H -8.16862700 -2.22225100 -0.69059400
H -7.99077400 -2.38949000 1.07131800
H -8.12247500 -3.82897700 0.04032200
H -5.07216500 -4.30831500 0.99876500
H -4.88332000 -4.33780200 -0.76945500
H -6.35456000 -4.97847800 -0.03170200
H -2.06521800 5.58746000 0.03324300
H 2.06521700 5.58746100 0.03324100
C 0.00000000 2.89596500 0.00325100
H 0.00000000 1.81403500 -0.00855000
N -0.00000100 5.67582000 0.03400200

3b'+
Point Group: C1
B3LYP/6-31G* = -1282.16261524 au
B3LYP/6-31G* Zero Point Corrected Energy = -1281.731256 au
NIMAG=O

C 1.23658200 3.54133000 -0.00022300
C -1.23658200 3.54133000 -0.00021600
C 2.40277300 2.75205100 -0.00035000
C 3.16355400 1.79562800 -0.00017300
C 3.95346000 0.63312200 -0.00007200
C -2.40277300 2.75205100 -0.00033500
C -3.16355400 1.79562800 -0.00016700
C -3.95346000 0.63312200 -0.00006800
C -3.31991800 -0.65396800 -0.00007200



C -1.90181900 -0.75672200 -0.00009000
C -0.68011800 -0.82206300 -0.00013800
C 0.68011900 -0.82206300 -0.00013900
C 1.90181900 -0.75672200 -0.00009200
C 3.31991800 -0.65396800 -0.00007400
C 5.36219100 0.67493500 0.00003000
C 6.12416900 -0.47562600 0.00011000
C 5.51352300 -1.76178000 0.00011200
C 4.09718500 -1.81380600 0.00001100
C -5.36219100 0.67493500 0.00003300
C -6.12416900 -0.47562600 0.00011200
C -5.51352300 -1.76178000 0.00011300
C -4.09718500 -1.81380600 0.00001100
H 5.85599200 1.64161200 0.00001200
H 7.20266900 -0.38345500 0.00012200
N 6.26454800 -2.90425100 0.00022700
H 3.58227300 -2.76513900 0.00005800
H -5.85599200 1.64161200 0.00001600
H -7.20266900 -0.38345500 0.00012400
N -6.26454800 -2.90425100 0.00022600
H -3.58227300 -2.76513900 0.00005800
C 1.20086700 4.94695300 0.00009700
C -1.20086700 4.94695300 0.00010400
C 7.72143800 -2.82728000 0.00063900
C 5.61657200 -4.21088200 -0.00030400
C -7.72143800 -2.82727900 0.00063900
C -5.61657200 -4.21088200 -0.00030500
H 8.09776500 -2.30774100 0.89113600
H 8.09841100 -2.30873200 -0.89017800
H 8.13137200 -3.83715800 0.00137900
H 4.99038800 -4.34978000 -0.89103100
H 4.99039900 -4.35055200 0.89031700
H 6.38072700 -4.98806500 -0.00065600
H -8.098411 00 -2.30873000 -0.89017700
H -8.09776500 -2.30774300 0.89113700
H -8.13137300 -3.83715700 0.00137800
H -4.99040000 -4.35055300 0.89031600
H -4.99038800 -4.34977900 -0.89103200
H -6.38072700 -4.98806500 -0.00065800
H -2.08111600 5.57559500 0.00026000
H 2.08111600 5.57559500 0.00024800
N 0.00000000 5.56583200 0.00023300
C 0.00000000 2.86906700 -0.00042300
H 0.00000000 1.78651200 -0.00070100
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H 0.00000000 6.58190100 0.00046300

3b,H
Point Group: C1
B3LYP/6-31G* = -1282.46078361 au
B3LYP/6-31G* Zero Point Corrected Energy = -1282.015003 au
NIMAG=O

C 1.19190200 3.59071300 -0.00003300
C -1.27630500 3.56342300 0.00012300
C 2.36851800 2.79257600 -0.00001600
C 3.14915000 1.86039900 -0.00010000
C 3.96147000 0.69776000 -0.00010900
C -2.42558400 2.76047400 0.00027900
C -3.16728000 1.78637600 0.00021100
C -3.94358400 0.62096800 0.00015800
C -3.30273000 -0.66584800 0.00021500
C -1.88440000 -0.75501700 0.00028000
C -0.66096200 -0.80856500 0.00022200
C 0.69646400 -0.79313200 0.00017000
C 1.91873500 -0.71465600 0.00011500
C 3.32808600 -0.59005300 0.00002700
C 5.36305300 0.78340800 -0.00022900
C 6.15078900 -0.36299500 -0.00020600
C 5.52206600 -1.60835500 -0.00006300
C 4.14100200 -1.74177900 0.00005300
C -5.35481400 0.65037200 0.00001200
C -6.1 0477400 -0.50575600 -0.00005600
C -5.48675200 -1.79175500 0.00001600
C -4.06525000 -1.83247500 0.00014600
H 5.83432900 1.76011100 -0.00033300
H 7.23445000 -0.27329000 -0.00029600
N 6.38286200 -2.82723400 -0.00003700
H 3.65742600 -2.71269000 0.00015800
H -5.85751500 1.61209700 -0.00003700
H -7.18372200 -0.42176700 -0.00014800
N -6.22612800 -2.93255700 -0.00004700
H -3.54456400 -2.78057600 0.00015600
C 1.15839100 4.99290000 -0.00024000
C -1.24353000 4.96965200 -0.00008000
C 6.22842000 -3.66141200 1.25518300
C 6.22821600 -3.66161100 -1.25509900
C -7.68844700 -2.86760100 -0.00049900
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C -5.57201900 -4.23969200 0.00010800
H 5.22123800 -4.07652900 1.27608700
H 6.38958600 -3.01622500 2.11906400
H 6.96687800 -4.46446300 1.22936300
H 6.38903300 -3.01651500 -2.11911300
H 5.22109800 -4.07690100 -1.27566800
H 6.96681600 -4.46453300 -1.22937300
H -8.06464400 -2.35257400 -0.89237700
H -8.06521600 -2.35275400 0.89124300
H -8.08863900 -3.88063200 -0.00073300
H -4.94796800 -4.37396300 0.89222400
H -4.94828000 -4.37437700 -0.89217100
H -6.33334500 -5.01869300 0.00044000
H -2.12860700 5.59274900 -0.00011600
H 2.03454900 5.62732800 -0.00039100
H 7.35045000 -2.48654900 -0.00014300
C -0.02628500 2.90339100 0.00016800
H -0.01737500 1.82112100 0.00034700
N -0.04911400 5.60004500 -0.00024600
H -0.06059100 6.61758300 -0.00038900

,3b,3+

!Point Group: Cl
I

IB3LYP/6-31G* = -1282.69191164 au
iB3LYP/6-31G* Zero Point Corrected Energy = -1282.231656 au
I

INIMAG=O

C -1.23078600 3.61478200 -0.00050800
C 1.23078600 3.61478200 -0.00050800
C -2.39545400 2.80259000 -0.00045400
C -3.14709900 1.84677500 -0.00035700
C -3.95205400 0.67754800 -0.00015700
C 2.39545400 2.80259000 -0.00045500
C 3.14709900 1.84677500 -0.00035500
C 3.95205400 0.67754800 -0.00015600
C 3.31956100 -0.60826200 0.00008200
C 1.90269300 -0.72381300 0.00012600
C 0.68076300 -0.79039500 0.00010800
C -0.68076300 -0.79039500 0.00010800
C -1.90269300 -0.72381300 0.00012700
C -3.31956100 -0.60826200 0.00008200
C -5.35351700 0.76197700 -0.00020000
C -6.13609300 -0.38824200 -0.00000900
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C -5.50975900 -1.63458500 0.00021800
C -4.12559800 -1.76337600 0.00026500
C 5.35351700 0.76197700 -0.00019900
C 6.13609300 -0.38824200 -0.00000900
C 5.50975900 -1.63458500 0.00021700
C 4.12559800 -1.76337600 0.00026400
H -5.82902500 1.73663900 -0.00038600
H -7.21973500 -0.29792300 -0.00004600
N -6.37239800 -2.85083400 0.00041500
H -3.64136100 -2.73385800 0.00044000
H 5.82902500 1.73663900 -0.00038400
H 7.21973500 -0.29792300 -0.00004500
N 6.37239800 -2.85083400 0.00041300
H 3.64136100 -2.73385800 0.00043800
C -1.20043600 5.01402400 -0.00053400
C 1.20043600 5.01402400 -0.00053400
C -6.22365100 -3.68800800 -1.25691100
C -6.22360800 -3.68763400 1.25798300
C 6.22365100 -3.68800700 -1.25691500
C 6.22360800 -3.68763600 1.25798000
H -5.22082300 -4.11386600 -1.27642300
H -6.38229400 -3.04394700 -2.12223500
H -6.96962700 -4.48387600 -1.22797000
H -6.38213200 -3.04329900 2.12312400
H -5.22081000 -4.11356300 1.27754100
H -6.96964400 -4.48345700 1.22934600
H 6.38229400 -3.04394500 -2.12223800
H 5.22082300 -4.11386500 -1.27642700
H 6.96962800 -4.48387400 -1.22797400
H 5.22081000 -4.11356400 1.27753700
H 6.38213200 -3.04330200 2.12312100
H 6.96964400 -4.48345900 1.22934200
H 2.08256900 5.64248200 -0.00054200
H -2.08256900 5.64248200 -0.00054100
H -7.34043200 -2.50966000 0.00038100
H 7.34043200 -2.50966000 0.00037900
N 0.00000000 5.63590300 -0.00055000
C 0.00000000 2.93932000 -0.00051300
H 0.00000000 1.85696600 -0.00050700
H 0.00000000 6.65555100 -0.00057200

3b,d+

Point Group: Cl
B3LYP/6-31G* = -1282.131934 au
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B3LYP/6-31 G* Zero Point Corrected Energy = -1281.700309 au
NIMAG=O

C 1.19657400 3.62013200 0.00022000
C -1.23232600 3.60722800 -0.00007300
C 2.36724900 2.81268400 0.00013800
C 3.16773200 1.89487100 0.00014600
C 3.96383000 0.72850100 0.00014600
C -2.40088100 2.79641200 -0.00048300
C -3.16333200 1.84650800 -0.00077800
C -3.94441800 0.66623100 -0.00088000
C -3.30822900 -0.61496100 -0.00122100
C -1.89059500 -0.71023900 -0.00120900
C -0.66742600 -0.77613100 -0.00104500
C 0.68986800 -0.76149000 -0.00083900
C 1.91213000 -0.67914500 -0.00065000
C 3.32163400 -0.55996100 -0.00025200
C 5.36871600 0.79308300 0.00055900
C 6.14729300 -0.35926000 0.00060100
C 5.50643500 -1.59734200 0.00020100
C 4.12346300 -1.71701800 -0.00022900
C -5.34940600 0.68788800 -0.00044200
C -6.10078900 -0.47489000 -0.00050300
C -5.48450000 -1.75431400 -0.00136800
C -4.07200000 -1.79036200 -0.00131300
H 5.84705900 1.76629900 0.00086500
H 7.23248600 -0.28119000 0.00092500
N 6.35424600 -2.82567600 0.00028700
H 3.62987300 -2.68337800 -0.00055200
H -5.85508200 1.64824800 0.00009600
H -7.18034900 -0.39072600 0.00013900
N -6.23040200 -2.90828700 -0.00234400
H -3.54495900 -2.73543700 -0.00125700
C 1.13733800 5.02751900 0.00087900
C -1.16712200 5.01544400 0.00062800
C 6.18857800 -3.65594800 1.25249400
C 6.18947700 -3.65555500 ·1.25230700
C -7.68512500 -2.83967100 0.00348400
C -5.56976800 -4.20416300 0.00158500
H 5.17209500 -4.04729700 1.27707600
H 6.36173000 -3.01158800 2.11452200
H 6.90940000 -4.47532900 1.22848600
H 6.36307900 -3.01088100 -2.11400800
H 5.17307200 -4.04706000 -1.27765500
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H 6.91040600 -4.47483600 -1.22810800
H -8.07090000 -2.31924200 -0.88327100
H -8.06495400 -2.32607900 0.89692700
H -8.08987700 -3.85212800 0.00062900
H -4.94372800 -4.33938000 0.89450500
H -4.93666800 -4.34003700 -0.88607600
H -6.32473700 -4.99089900 -0.00138500
H -2.08020800 5.60622800 0.00081000
H 2.04874200 5.62102500 0.00130600
H 7.32352900 -2.49145700 0.00068200
C -0.01416900 2.91871000 -0.00030300
H -0.01149100 1.83701700 -0.00083400
N -0.01668800 5.69818800 0.00106700
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