
 

 

 

 

 

 

Conjugated Oligomers Incorporating Azulene Building 

Blocks – Seven- vs Five-Membered Ring Connectivity 
 

 

Journal: Chemical Science 

Manuscript ID: SC-EDG-07-2014-002210 

Article Type: Edge Article 

Date Submitted by the Author: 24-Jul-2014 

Complete List of Authors: Hawker, Craig; University of California, Materials Research Laboratory 
Amir, Elizabeth; Shenkar Institute of Technology, Chemistry 
Chabinyc, Michael L. ; University of California, Santa Barbara, Materials 
Department 
Murai, Masahito; Okayama University, Division of Chemistry and 
Biochemistry 

Amir, Roey; University of Tel Aviv, Chemistry 
Cowart, John; University of California, Santa Barbara, Materials 
Department 

  

 

 

Chemical Science



Journal Name RSCPublishing 

ARTICLE 

This journal is © The Royal Society of Chemistry 2013 J. Name., 2013, 00, 1-3 | 1  

Cite this: DOI: 10.1039/x0xx00000x 

Received 00th January 2012, 

Accepted 00th January 2012 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

Conjugated Oligomers Incorporating Azulene 

Building Blocks – Seven- vs Five-Membered Ring 

Connectivity†    

Elizabeth Amir,*a Masahito Murai,b Roey J. Amir,c John S. Cowart Jr.,b Michael 
L. Chabinyc b and Craig J. Hawker *b 

The properties of isomeric azulene derivatives based on 7- versus 5-membered ring 

substitution were examined by the synthesis and characterization of well-defined electroactive 

oligomers. The substitution pattern was shown to dramatically influence solid-state, electronic 

and optical properties of the oligomers with acid-responsive materials only being observed 

when the azulenium cation could be directly stabilized by substituents in the 7-membered ring. 

Protonation was accompanied by a reversible color change and a strong red-shift of the 

absorption maximum as indicated by UV-vis studies. In addition, we show that the absorption 

maxima and optical band-gaps of azulenium cations can be tuned by the nature of the 

chromophore connected to the seven-membered ring of the azulene nucleus. 

 

 

Introduction 

Functional materials with optical, conductive, and electron-

transfer properties are gaining increasing importance due to 

their potential applications in microelectronics, sensors and 

energy generation. To facilitate these applications, significant 

work has been devoted to the design and synthesis of multi-

component π-conjugated systems whose electronic properties 

can be reversibly altered upon external stimuli.1 Azulenes, 

which show unique photophysical and electrical properties that 

are derived from their unusual dipolar and π-electron 

polarization, represent ideal building blocks for these stimuli-

responsive systems.2-4 For small molecules composed of only C 

and H, azulenes are noteworthy for their deep blue color and 

dipole moment of 1.08 D which results from the fusion of an 

electron-deficient seven-membered ring with an electron-rich 

five-membered ring.5 This marked asymmetry opens up the 

possibility of controlling the optical and electronic properties of 

azulene-containing materials through the substitution patterns 

of the different 5- and 7-membered azulene rings. In fact, in 

recent years azulene derivatives have been utilized as functional 

monomers for construction of conducting polymers,3,4,6 dye-

sensitized solar cells (DSSCs),7 nonlinear optical (NLO) 

materials,8 charge-transfer complexes,9 and molecular 

switches.10 Among conducting polymers, the pH 

responsiveness of azulene-based materials is unique with 

protonation taking place at the electron-rich cyclopentadiene 

ring of azulene, forming an aromatic 6π-electron azulenium 

cation.11 This is in direct contrast to traditional backbones based 

on poly(thiophene) or poly(phenylene) with the closest analogy 

being polyaniline systems. However unlike polyaniline, 

considerable opportunities exist to tailor the substitution pattern 

of the azulene building block leading to tunable optical, 

electrochemical and electrochromic properties. This promise is 

tempered by the difficulty of accessing many substitution 

patterns using traditional synthetic approaches due to elaborate 

and low-yielding procedures, which in many cases, lack 

regiochemical control.12,13 To address this challenge, we 

recently reported a new strategy for specific functionalization 

of the seven-membered ring of azulene allowing for controlled 

incorporation into the backbone of conjugated materials. The 

optical band gap of these azulene derivatives could be 

modulated by simple protonation, with fluorescence being 

“switched on” upon generation of the corresponding azulenium 

cations.14 This unusual pH-responsive behavior, and the paucity 

of known azulene-based materials conjugated through the 

seven-membered ring of azulene, motivated an exploration of 

the synthesis and properties of conjugated oligomers based on 

azulenes and various aromatic chromophores. 

 We therefore initially examined isomeric azulene-

benzothiophene derivatives, 1 and 2, in order to obtain 

structure/property relationships related to 7-membered ring 

connectivity versus traditional 5-membered ring connectivity 

(Figure 1). In this system, two benzothiophene moieties are 

attached to the parent azulene nucleus through the novel C4 and 

C7 substitution pattern in the 7-membered ring or the more 
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traditional C1 and C3 positions of the 5-membered ring. The 

influence of 4,7-disubstitution versus 1,3-disubstitution on the 

solid-state organization, electrochemical and pH-responsive 

behavior of these new azulene-based materials was studied with 

X-ray diffraction analysis, UV-vis spectroscopy, fluorescence, 

theoretical calculations, electrochemistry and EPR (electron 

paramagnetic resonance) measurements. In addition, tuning of 

the absorption maxima and optical band-gaps of the azulenium 

cations was demonstrated by the preparation of a series of 

azulene derivatives substituted by various aromatic 

chromophores through the C4 and C7 positions. 

S S

SS

1

2  
Fig. 1 Novel 7-membered ring connectivity (top) versus traditional 5-membered 

ring connectivity (bottom) for isomeric azulene derivatives 1 and 2 respectively. 

Results and discussion 

The synthetic strategy for the isomeric oligoazulenes 1 and 2 is 

shown in Scheme 1. For conjugation through the 7-membered 

ring, 4,7-dibromoazulene 3 was prepared via regioselective 

cycloaddition between dimethylaminofulvene and 2,5-

dibromothiophene-S,S-dioxide as detailed previousely.14 In 

contrast, 1,3-dibromoazulene 4, was prepared by radical 

bromination of the unsubstituted azulene with N-

bromosuccinimide (NBS).15 The isomeric, dibromo-

functionalized azulenes 3 and 4 were then independently cross-

coupled with benzothiophen-2-trimethylstannane 5 utilizing 

microwave-assisted Stille cross-coupling at 150 oC for 45 

minutes. Precipitation of the crude solutions in methanol, 

followed by purification gave 4,7-bis(benzo[b]thiophene-2-

yl)azulene 1 and 1,3-bis(benzo[b]thiophene-2-yl)azulene 2 as 

blue solids in 82% and 86% yields respectively. 

Br Br
S S

S SnMe3

Pd2(dba)3

microwave 

150 oC, 45 min.

1

82%

SS
2

86%

3
5

Br Br

4

 
Scheme 1 Synthetic routes to isomeric bis(benzothiophene) azulenes 1 and 2. 

 X-Ray diffraction analysis of 1 and 2 confirmed 

incorporation of benzothiophene groups into the targeted 

positions of the seven- and five-membered rings of azulene 

with 1 and 2 crystallizing in monoclinic systems with P21/c and 

P21/n space groups, respectively (Figure 2).16 Significantly, 

examination of the crystal packing of 1 and 2 revealed two 

distinctly different packing motifs. Oligomer 1 shows a π-π 

stacking arrangement between the azulene rings and also 

between the benzothiophene chromophores in adjacent 

molecules. In this packing motif, seven- and five-membered 

rings of one azulene molecule overlap with seven- and five-

membered rings of the adjacent azulene molecule with an 

average intermolecular distance of 3.9 Å. In contrast, isomer 2 

adopts a reverse packing arrangement of the seven-membered 

rings for the azulene units in adjacent molecules with the five-

membered rings bearing the benzothiophene substituents 

pointing in opposite directions. This difference in solid-state 

organization for the isomers 1 and 2 clearly demonstrates the 

influence of substitution pattern on molecular packing which is 

expected to significantly impact transport and other physical 

properties. 

 

(A)              (B) 

 
Fig.2 Solid-state packing of isomeric azulenes 1 (A) and 2 (B). 

 Initial studies on the influence of regiochemistry on the 

physical properties of these azulene derivatives involved 

electrochemical measurements. For isomer 1, conjugated 

through the 7-membered ring, only a single, irreversible 

reduction wave in the range -1.62 to -2.19 V under cathodic 

sweep and no detectable oxidation wave was observed. In 

comparison, the electrochemical behavior of 2 was essentially 

the opposite, revealing only an oxidation wave (Figure 3). A 

rationale for this clear difference is that electron removal occurs 

at the electron-rich, 5-membered ring to form a radical cation, 

which is unstable in the absence of substituents in the 

cyclopentadiene ring. As a result, no oxidation peak is observed 

for 1. In fact, this hypothesis was further supported by 

theoretical calculations as the plots of the HOMOs for 

compounds 1 and 2 show that electron density lies primarily on 

the 5-membered ring of azulene (Figure 5). In addition, a well-

resolved symmetric EPR signal was only observed for the 1,3-

disubstituted azulene 2 upon chemical oxidation with TFA (g-

factor value = 2.0020, peak-to-peak line width (∆H) = 11.63 G). 
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Fig. 3 Cyclic voltammograms of the 7- and 5-membered ring substituted isomeric 

azulenes 1 and 2. 

 To further understand the influence of substitution pattern 

on the properties and stability of the isomeric azulene 

derivatives, examination of the UV-vis spectra in the presence 

or absence of acid offers a direct insight into the extent of 

conjugation, π-π* transitions and the stability to acid doping for 

1 and 2. In the neutral state, both compounds exhibit spectral 

profiles with major absorption bands at 320 and 410 nm (band 

at 410 nm is much stronger for 1) and one weak absorption 

band at 630 nm due to the S0 - S1 transition of the azulene unit 

(Figure 4). Upon addition of trifluoroacetic acid (TFA) to the 

dichloromethane solution of 2, no new absorption bands were 

detected with only a decrease in intensity being observed with 

time. In contrast, protonation of 1 resulted in the disappearance 

of all the original bands and the formation of a significant, new 

peak at 536 nm, which can be attributed to the corresponding 

azulenium cation 1-H+.17 This process was accompanied by an 

instant color change of the solution from deep-blue to orange-

red with the absorption maximum of the azulenium cation 1-H+ 

being red-shifted by more than 100 nm. Formation of 

azulenium cation was shown to be a reversible process with the 

addition of base (triethylamine) regenerating neutral 1 and the 

original absorption bands. Significantly, protonation-

deprotonation could be repeated over many cycles with no 

observed degradation, demonstrating stabilization of the 

tropylium cation through conjugation with the benzothiophene 

rings at the 4- and 7-positions. In contrast, neutralization of 

acidic solutions of 2 did not recover the original UV-vis 

spectra, presumably due to decomposition of the unstable 

protonated azulene species which lacks substitution in the 7-

membered ring.3i 

 

 

 

 

 

 

S S

H+

S S+

H
1 1-H+  

 

2 2-H+
SS SS

H+
+

H

 

 

Fig. 4 UV-vis spectra of 4,7-bis(benzothiophene)azulene (1) and 1,3-

bis(benzothiophene)azulene (2) before (shown in blue) and after (shown in red) 

protonation with TFA. 

 In order to gain insight into the significantly different 

stimuli-responsive properties of these substituted azulene 

derivatives, molecular orbital (MO) calculations for 1 and 2 in 

the neutral and protonated states were carried out using the 

B3LYP functional with 6-31+G* basis sets. The optimized 

structures of 1 and 2 in the neutral states are in good agreement 

with the corresponding crystal structures and the calculated 

HOMO and LUMO energy levels for these compounds were 

found to have comparable values (Figure 5). It is noteworthy 

that protonation of azulene units leads to changes in the 

distribution of HOMO/LUMO orbitals. For the cationic states 

of both 1-H+ and 2-H+, the azulene core dominates the LUMO, 

whereas one of the benzothiophene units primarily contributes 

to the HOMO. In addition, MO coefficients are delocalized 
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over the majority of the molecule for the LUMO of 1-H+, while 

the corresponding LUMO of 2-H+ localizes only on the azulene 

ring indicating stronger conjugation in 1-H+ than 2-H+. These 

differences are primarily derived from the molecular twist 

between the azulene core and benzothiophene units, which 

reduces conjugation leading to higher LUMO and lower 

HOMO levels for 2-H+ compared with 1-H+. These 

observations are in accordance with the red-shift of the lowest 

energy absorption band for 1 upon the addition of TFA, which 

was not observed for 2. 

 
Fig. 5 Energy-level diagrams for the frontier MOs and their contour plots for 

compounds 1 and 2 in neutral and cationic states. The nodal patterns of each 

MO are shown at an isosurface value of 0.03 a.u. 

 The above results demonstrate the importance of the 

substitution pattern for azulene-based materials and their 

influence on physical properties such as doping/protonation 

where stable formation of the 6π-electron tropylium cations is 

significantly favored by substituents directly attached to the 7-

membered ring of the azulene nucleus. To demonstrate the 

versatility of our synthetic approach and the ability to tune 

optical properties of azulene-containing materials, a series of 

conjugated oligomers with various aromatic substituents 

attached to the seven-membered ring of azulene was examined 

(Scheme 2). Cross-coupling of 4,7-dibromoazulene 3 or 4,7-

dibromo-6-dodecylazulene 6 with aromatic trimethylstannyl 

derivatives 7-10 under the conditions described above, resulted 

in the formation of the novel azulene derivatives 11-14 

substituted at the C4 and C7 positions with either phenyl, furan, 

N-methylpyrrole or bis(thiophene) rings in high yields (Scheme 

2). 
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N

+
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NN

88%

95%

93%

SnBu3
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S SS SnMe3
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6: R = C12H25
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Scheme 2 Synthesis of 4,7-disubstituted azulenes 11 - 14 functionalized via the 7-

membered ring. 

 Fluorescence studies of oligoazulenes 1, 2, 11 - 14 in 

dichloromethane revealed that all the compounds are essentially 

nonfluorescent in their neutral state similar to the unsubstituted 

azulene, which has an extremely weak S1 - S0 fluorescence.18 

While protonation with TFA had no effect on the fluorescence 

of 1, 2, 11, 13 and 14, fluorescence of the azulenium cation 

derived from 4,7-(bisfuran)azulene (12) was “switched on” 

accompanied by a strong emission band at λmax = 547 nm, Φf = 

0.154. Fluorescence of the azulenium cation 12-H+ can be 

“switched off” by a subsequent addition of base such as 

triethylamine. 

 Similar to compound 1, formation of azulenium cations 

upon addition of TFA to dichloromethane solutions of 11-14 

was accompanied by the appearance of new peaks in the UV-

vis spectra (Figure 6). In all cases, the absorption maxima were 

red-shifted relative to the original π-π* transitions indicating 

narrowing of the optical band-gap and efficient conjugation of 

the azulenium cation with the adjacent aromatic rings.19 

Furthermore, the nature of the conjugated substituent 

incorporated through the seven-membered ring of the parent 

azulene building block allowed tuning of the absorption 

maximum of the corresponding azulenium cation. For the 

azulenium cation 11-H+, substituted with two phenyl groups, 

only a minor shift in the λmax to 404 nm was observed, while 

the absorption maximum of 12-H+ bearing two furyl groups 

was considerably higher (λmax = 504 nm). The presence of N-

methylpyrrole and bis(thiophene) substituents resulted in the 

most dramatic impact on the absorption maxima of the 

corresponding azulenium cations with λmax = 567 nm and λmax 

= 591 nm for 13-H+ and 14-H+, respectively. Significantly, in 

all cases the original absorption spectra of compounds 11-14 

were regenerated upon neutralization of the acidic solution with 

triethylamine, demonstrating that this reversibility is an 

inherent feature of azulene derivatives substituted in the 7-

membered ring. 
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Fig. 6 UV-vis spectra of the oligoazulenes 11 - 14 before (shown in blue) after 

(shown in red) protonation with TFA. 

Conclusions 

We have synthesized a new family of azulene-based materials 

conjugated with various aromatic chromophores through the 

seven-membered ring of azulene. This non-traditional 

connectivity results in distinctive solid-state organization and 

electrochemical behavior when compared with isomeric 

azulene derivatives having the standard five-membered ring 

substitution pattern. These results also indicate that covalent 

attachment of aromatic units to the seven-membered azulene 

ring is essential for stabilization of the corresponding 

azulenium cation, which can be generated in a reversible 

process upon protonation and the absorption maximum and 

optical band-gap of the azulenium cation can be tuned by the 

nature of the substituents. We are currently developing 

strategies to incorporate these new azulene derivatives as 

electroactive units into polymeric systems and expand the study 

of stimuli-responsive materials for electronic and photovoltaic 

applications. 
 

Experimental 

2,2'-(azulene-4,7-diyl)dibenzo[b]thiophene (1) was prepared 

from 4,7-dibromoazulene (3) and benzo[b]thiophene-2-

yltrimethylstannane (5) in 82% yield. A 5 mL glass vial was 

charged with a stirrer bar, 0.2 mmol of azulene 3, 0.5 mmol of 

6, Pd2(dba)3 (4 mol% Pd), P(o-tol)3 (8 mol%) and 

chlorobenzene (2 mL). The glass vial was purged with nitrogen 

and securely sealed. The glass vial was placed into a 

microwave reactor and heated at 150 oC for 45 minutes with 

stirring. After cooling to room temperature, the solvent was 

evaporated and the crude product was purified using column 

chromatography, eluting with hexanes/dichloromethane (1:1). 
1H NMR (600 MHz, CDCl3, ppm): δ 8.86 (1H, d, J = 2 Hz), 

8.06 (1H, dd, J1 = 11 Hz, J2 = 2 Hz), 7.92-7.91 (2H, m), 7.88 

(1H, dd, J1 = 7 Hz, J2 = 1 Hz), 7.85 (1H, d, J = 8 Hz), 7.81 (1H, 

d, J = 8 Hz), 7.76 (1H, s), 7.70 (1H, d, J = 4 Hz), 7.66 (1H, s), 

7.57 (1H, dd, J1 = 4 Hz, J2 = 1 Hz), 7.49 (1H, d, J = 11 Hz), 

7.44-7.33 (4H, m). 13C NMR (125 MHz, CDCl3, ppm): δ 147.0, 

144.5, 141.6, 140.9, 140.3, 140.2, 139.8, 139.6, 138.1, 136.8, 

136.2, 134.3, 127.9, 125.6, 125.0, 124.9, 124.74, 124.68, 124.5, 

124.1 123.6, 123.4, 122.24, 122.19, 120.5, 120.0. HRMS (FI) 

(m/z): (M)+ calcd for C26H16S2 392.0693; found, 392.0689. 

 

1,3-di(benzo[b]thiophen-2-yl)azulene (2) was prepared from 

1,3-dibromoazulene (4) and benzo[b]thiophene-2-

yltrimethylstannane (5) as described above in 86% yield. 1H 

NMR (400 MHz, CDCl3, ppm): δ 8.88 (2H, d, J = 10 Hz), 8.33 

(1H, s), 7.89 (2H, d, J = 8 Hz), 7.84 (2H, d, J = 8 Hz), 7.69 

(1H, t, J = 10 Hz), 7.53 (2H, s), 7.42 - 7.28 (6H, m). 13C NMR 

(100 MHz, CDCl3, ppm): δ 140.8, 140.2, 140.0, 139.0, 138.0, 

136.9, 125.3, 124.6, 124.1, 123.4, 123.3, 122.2, 121.4. HRMS 

(FI) (m/z): (M)+ calcd for C26H16S2 392.0693; found, 392.0680. 
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4,7-diphenylazulene (11) was prepared from 4,7-

dibromoazulene (3) and trimethyl(phenyl)stannane (7) as 

described above in 88% yield. 1H NMR (600 MHz, CDCl3, 

ppm): δ 8.71 (1H, d, J = 2 Hz), 7.89 - 7.85 (2H, m), 7.70 - 7.65 

(3H, m), 7.53 - 7.46 (4H, m), 7.40 (1H, t, J = 7 Hz), 7.29 - 7.22 

(2H, m), 7.17 (1H, d, J = 7 Hz), 7.08 (1H, t, J = 7 Hz), 6.74 - 

6.72 (1H, m). 13C NMR (125 MHz, CDCl3, ppm): δ 149.3, 

144.5, 143.4, 140.5, 137.9, 137.3, 136.8, 136.5, 134.9, 133.0, 

130.1, 129.2, 128.8, 128.7, 128.2, 128.1, 128.0, 127.0, 126.1, 

125.4, 120.4, 118.6. HRMS (FI) (m/z): (M)+ calcd for C22H16 

280.1252; found, 280.1246. 

 

2,2'-(azulene-4,7-diyl)difuran (12) was prepared from 4,7-

dibromoazulene (3) and tributyl(furan-2-yl)stannane (8) as 

described above in 95% yield. 1H NMR (400 MHz, CDCl3, 

ppm): δ 8.80 (1H, d, J = 2 Hz), 8.08 (1H, dd, J1 = 11 Hz, J2 = 2 

Hz), 7.87 (1H, t, J = 4 Hz), 7.84 - 7.83 (1H, m), 7.70 (1H, d, J = 

2 Hz), 7.66 (1H, d, J = 11 Hz), 7.55 (1H, d, J = 2 Hz), 7.47 (1H, 

dd, J1 = 4 Hz, J2 = 1 Hz), 7.11 (1H, d, J = 4 Hz), 6.79 (1H, d, J 

= 3 Hz), 6.65 (1H, dd, J1 = 3 Hz, J2 = 2 Hz), 6.55 (1H, dd, J1 = 

3 Hz, J2 = 2 Hz). 13C NMR (100 MHz, CDCl3, ppm): δ 143.8, 

142.7, 141.3, 137.6, 135.7, 134.1, 133.3, 131.3, 124.1, 122.6, 

121.5, 118.5, 113.1, 112.4, 112.1, 105.8. HRMS (FI) (m/z): 

(M)+ calcd for C18H12O2 260.0837; found, 260.0814. 

 

2,2'-(azulene-4,7-diyl)bis(1-methyl-pyrrole) (13) was 

prepared from 4,7-dibromoazulene (3) and 1-methyl-2-

(trimethylstannyl)pyrrole (9) as described above in 93% yield. 
1H NMR (400 MHz, CDCl3, ppm): δ 8.49 (1H, d, J = 2 Hz), 

7.86 (1H, t, J = 4 Hz), 7.66 (1H, dd, J1 = 11 Hz, J2 = 2 Hz), 

7.42 (1H, dd, J1 = 4 Hz, J2 = 1 Hz), 7.24 (1H, d, J = 3 Hz), 7.19 

(1H, d, J = 11 Hz), 6.84 (1H, t, J = 2 Hz), 6.77 (1H, t, J = 2 

Hz), 6.47 (1H, dd, J1 = 4 Hz, J2 = 2 Hz), 6.33 - 6.31 (2H, m), 

6.26 (1H, t, J = 3 Hz), 3.71 (3H, s), 3.55 (3H, s). 13C NMR (100 

MHz, CDCl3, ppm): δ 140.0, 139.5, 138.7, 138.3, 137.1, 136.8, 

135.4, 126.6, 125.8, 123.9, 123.7, 120.1, 119.1, 111.3, 109.4, 

108.07, 108.06, 35.2, 35.1. HRMS (EI) (m/z): (M)+ calcd for 

C20H18N2 286.1470; found, 286.1477. 

 

5,5'-(6-dodecylazulene-4,7-diyl)di-2,2' bithiophene (14) was 

prepared from 4,7-dibromo-6-dodecylazulene (6) and 2,2'-

bithiophen-5-yltrimethylstannane (10) as described above in 

93% yield. 1H NMR (400 MHz, CDCl3, ppm): δ 8.50 (1H, s), 

7.83 (1H, t, J = 4 Hz), 7.67 (1H, d, J = 4 Hz), 7.51 (1H, d, J = 4 

Hz), 7.45 (1H, s), 7.40 (1H, dd, J1 = 4 Hz, J2 = 1 Hz), 7.31 - 

7.28 (3H, m), 7.26 - 7.23 (2H, m), 7.19 (1H, d, J = 4 Hz), 7.10 - 

7.05 (2H, m), 6.95 (1H, d, J = 4 Hz), 2.89 - 2.85 (2H, m), 1.69 - 

1.67 (2H, m), 1.33 - 1.24 (18H, m), 0.90 (3H, t, J = 7 Hz). 13C 

NMR (100 MHz, CDCl3, ppm): δ 152.0, 145.1, 144.3, 140.9, 

138.8, 138.3, 137.5, 137.4, 137.2, 136.5, 134.5, 133.2, 130.22, 

130.17, 129.2, 128.8, 128.1, 128.0, 127.3, 126.3, 125.0, 124.5, 

124.3, 124.0, 123.8, 123.5, 121.6, 119.2, 40.9, 33.4, 32.1, 29.9, 

29.83, 29.81, 29.8 29.7, 29.5, 29.4, 22.9, 14.3. HRMS (FI) 

(m/z): (M)+ calcd for C38H40S4 624.2013; found, 624.2006. 
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