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Chapter 3

Asymmetric Synthesis of Overcrowded Alkenes1

Part II: Bisxanthylidenes and Thermochromism

3.1 Introduction

Sterically overcrowded alkenes are known for their fascinating molecular architectures as well as the
intriguing thermodynamic processes they undergo (see chapter 1).2,3 Due to severe steric hindrance
around the central double bond sterically overcrowded alkenes adopt a helical shape. As a
consequence, they can exist as stable enantiomers despite the lack of a stereogenic center. In addition
to common processes such as isomerization and racemization a distinct class of overcrowded alkenes
has thermochromic properties (scheme 3.1).4
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Scheme 3.1

In general, materials which reversibly change color upon heating and adapt their original color when
cooled are called thermochromic. Different classes of organic compounds such as spiropyrans4a,
anils4c, quaternary pyridine amines4c, naphthothiazoles4c, and sterically overcrowded alkenes4,5,6,7 are
shown to have thermochromic properties. Two common methods are available to detect
thermochromic behavior. The first one is simply heating the compound on a hot bench and, when
thermochromic, a color change (red, green, blue) will be observed in the melt.4 The second method
involves high temperature UV spectroscopy.7,8 A highly concentrated solution of the thermochromic
compound is heated and a thermochromic absorption will gradually appear in the UV/VIS spectrum.
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The latter method allows the determination of the heat of the reaction ‘A’ ↔ ‘B’ (∆H) which is the
equilibrium between the ground state ‘A’ and thermochromic state ‘B’.8b
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Scheme 3.2 Thermochromic transition of bistricyclic overcrowded alkenes. The schematic drawings
at the bottom represent projections of bistricyclic overcrowded alkenes viewed along the central
double bond.

Table 3.1 Thermochromic data of bianthrone5, bisxanthylidene6, and xanthylidene anthrone.7

compound X Y color at RT melting point
(°C)

color in melt

bianthrone C=O C=O yellow 335 blue-green
bisxanthylidene O O yellow 315 blue-green

xanthylidene anthrone O C=O yellow 302 green

Bianthrone,5,8 bisxanthylidene6,8, and xanthylidene anthrone7 are sterically overcrowded alkenes
which were proven to undergo thermochromic transitions (scheme 3.2 and table 3.1). In these cases
change in color from yellow, at room temperature, to blue-green, or green at the melt was observed.
As shown in scheme 3.2 this class of overcrowded alkenes converts from a folded into a twisted
structure upon heating.9 This creates a strong twist at the central double bond leading to change of
color. Only a small percentage (0.1 – 1.0%) of the total amount of compound is in the thermochromic
state ‘B’ at the melt. However, the intensity of the color of the twisted portion is so high that the
whole sample seems to adopt the dark color. Noteworthy, bisthioxanthylidenes (X = S) have never
been observed to undergo a thermochromic transition.10

In chapter 2, a straightforward synthetic route, employing enantiomerically pure binaphthol as a chiral
template, toward optically active bisthioxanthylidene (P)-3 is described (scheme 3.3). Two
thioxanthylidene moieties, forming the upper and lower part of the envisioned overcrowded alkene,
were coupled to binaphthol which gave pre-organized system 1. During a subsequent intramolecular
coupling reaction the central double bond was constructed which yielded two diastereoisomeric
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overcrowded alkenes [(R,M)-2a (minor) and (R,P)-2b (major)] with a diastereoisomeric excess of
63%. The diastereoisomers were readily separated and the major product (R,P)-2b appeared to have
an appealing, ‘crossed’ coupled, helical structure. Removal of the chiral template finally resulted in
enantiomerically pure bisthioxanthylidene (P)-3. The racemization barrier (∆G‡

rac.) was determined to
be 26.7 kcal mol–1 which is in accordance with the observation that (P)-3 was stable at room
temperature. Moreover, the absolute configuration of enantiomerically pure bisthioxanthylidene (P)-3
was determined by X-ray analysis.
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Scheme 3.3 Synthetic route to enantiomerically pure bisthioxanthylidene (P)-3.

This chapter presents the synthesis and thermochroism of optically active overcrowded alkene 4
(scheme 3.4). Alkene 4 was designed with oxygen instead of sulfur hetero atoms in upper and lower
part of the overcrowded alkene part since bisthioxanthylidenes are not thermochromic.10 The ‘crossed’
coupled isomer of 4 ((R,P)-4), which adopts a similar geometry as its thio analog (scheme 3.3), is
presented in scheme 3.4. This overcrowded alkene was envisioned to be a chiral thermochromic
compound able to perform the transition to its thermochromic state 5 (scheme 3.4).

Optically active bisxanthylidenes have never been synthesized, nor isolated, since they are known to
have low racemization barriers (for example: ∆G‡

rac = 17.7 kcal mol–1 for 2,2’-di-isopropyl-
bisxanthylidene, see also chapter 1) which implies a fast racemization process at room temperature.2i

The question is wether the attachment of binaphthol will prevent fast isomerization between ‘crossed’
coupled isomer (R,P)-4 and ‘linearly’ coupled isomer (R,M)-4 (i.e. epimerization of the
bisxanthylidene moiety) at room temperature and whether or not one of the two conformations, (R,P)-
4 or (R,M)-4, is locked (scheme 3.4). The isomerization process of (R,P)-4 into (R,M)-4 can only take
place via the ‘unwinded’ structure of (R,P)-4 (scheme 3.4). Another question is whether
bisxanthylidene is still thermochromic and able to convert to thermochromic state 5 when binaphthol
is attached (scheme 3.4).
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Scheme 3.4 Isomerization (i.e. epimerization of bisxanthylidene moiety) and proposed
thermochromic behavior of overcrowded alkene (R,P)-4.

3.2 Synthesis of Overcrowded Alkene 4

Overcrowded alkene 4 was synthesized along the same lines as its thio analog (R,M)-2a (minor) and
(R,P)-2b (major) (scheme 3.5). The first step, a nucleophilic substitution of phenol 6 and 4-
bromoisophthalic acid 7, to yield 4-(4-methoxyphenoxy)-isophthalic acid 8 proceeded rather
troublesome. Eventually, addition of sodium iodide to the reaction mixture afforded 8 in an acceptable
yield of 52%. An intramolecular Friedel-Crafts acylation conveniently yielded xanthylidene 9 in 99%
yield. In the next stage, two xanthylidene moieties 9 were coupled to chiral template (R)-binaphthol
(R)-10 and pre-organized system (R)-11 was obtained in a 51% yield. Finally, the crucial
intramolecular coupling reaction was used to construct the central double bond of the envisioned
overcrowded alkene (R)-4. (R)-11 was converted into bis-gem-dichloride (R)-12 by the action of
oxalyl dichloride.11 As gem-dichlorides are known to be unstable, (R)-12 was directly treated with
activated Cu-bronze12 in refluxing p-xylene (freshly distilled from sodium).11 By this route
overcrowded alkene (R)-4 was obtained in a rather low yield of 15% after purification by column
chromatography.

The 1H NMR spectrum of the crude reaction mixture revealed that undesired formation of oligomers
took place to a high extent through intermolecular reactions. This could not be prevented by running
the reaction at high dilution.
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Scheme 3.5 Synthetic route toward overcrowded alkene (R,P)-4 or (R,M)-4.

3.3 Characterization of Overcrowded Alkene 4

At first glance the 1H NMR spectrum of (R)-4 (figure 3.1) revealed that only one of the
diastereoisomers, (R,P)-4 or (R,M)-4, was formed since only absorptions of a single compound were
observed. The formation of overcrowded alkene (R)-4 was confirmed by the general upfield shift of
all aromatic protons as compared to precursor (R)-11 (figure 3.1). Most prominent upfield shifts of
1.05 and 0.82 ppm were displayed by protons H4 and H12, respectively (scheme 3.5 and table 3.2, a
complete atom numbering scheme of (R)-4 is given in the experimental section). Moreover, the
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absorption of the methoxy substituents shifted upfield by 0.40 ppm (table 3.2). The observed upfield
shifts are rationalized by the shielding effects in the fjord region of overcrowded alkene (R)-4.

Figure 3.1 1H NMR spectra of the aromatic region of precursor (R)-11 (left) and overcrowded alkene
(R)-4 (right).

Table 3.2 Chemical shifts of protons H4, H12, and methoxy substituent of precursor system (R)-11 and
overcrowded alkene (R)-4.

(R)-11 (R)-4

δ H4 (ppm) 7.67 6.62
δ H12 (ppm) 8.77 7.95

δ OMe (ppm) 3.91 3.51

Numbering of protons H4 and H12 according to IUPAC nomenclature for (R)-4. According to these rules, the
comparable protons in (R)-11 have other numbers, but for the sake of comparison we have used the same
numbering scheme of (R)-4 for (R)-11 here.

Bisxanthylidenes, of the type presented in scheme 3.2, have low racemization barriers (∆G‡
rac = ~18

kcal mol–1) and consequently racemize rapidly at room temperature.2i To exclude a fast equilibrium at
room temperature between diastereoisomers (R,P)-4 and (R,M)-4 (scheme 3.6) a sample of (R)-4 in
CD2Cl2 was examined by 1H NMR at –80°C. At this temperature an isomerization barrier of around
18 kcal mol–1 would certainly have led to separation of several absorptions. Since no separation of
peaks was observed upon cooling, it appeared that only one of the two diastereoisomers, (R,P)-4 or
(R,M)-4, was obtained. Thus, the intramolecular coupling reaction to either (R,P)-4 or (R,M)-4 must
have proceeded with a diastereoisomeric excess of >99% (scheme 3.5). Moreover, the fast
racemization process of bisxanthylidenes commonly observed at room temperature appears to be
locked by the attachment of a binaphthol template. This result is reminiscent of the work of Luh and
coworkers who locked the fast racemization of bifluorenylidenes at room temperature by attaching
chiral templates (see section 2.1).13
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Scheme 3.6 Isomerization (i.e. epimerization of bisxanthylidene moiety) process of overcrowded
alkene (R)-4. See scheme 3.4 for details of the proposed mechanism of isomerization between
diastereoisomers (R,P)-4 and (R,M)-4.

Overcrowded alkene (R)-4 was characterized by exact mass spectroscopy, COSY, NOESY, and 13C
NMR. These data, however, did not lead to the assignment of the absolute configuration of the
bisxanthylidene moiety of (R)-4. X-Ray analysis should have solved the problem but unfortunately no
crystals of (R)-4 suitable for X-ray analysis were obtained.

Several additional attempts were undertaken to elucidate its absolute configuration:

Molecular modeling calculations were carried using the Compass force field as implemented in
Cerius2-4.2, a product of Molecular Simulations Inc., San Diego, USA.14,15 All calculations were
carried out under gas phase conditions implying a dielectric constant of 1.0, and a cut-off for non-
bonding interactions of 20Å. Structures were further refined by the semi-empirical PM3 method as
implemented in MOPAC93, using the Eigenvector Following routine, to a final total gradient of <2
kcal/Å.16

The calculations confirmed that the ‘crossed’ coupled ((R,P)-4) and the ‘linearly’ coupled ((R,M)-4)
diastereoisomers both represent low energy ground state conformations. However, the calculated
energy differences between the two diastereoisomers (R,P)-4 or (R,M)-4 appeared to be 2.38 × 10–2

kcal/mol (9.94 × 10–2 kJ/mol). Regrettably, this energy difference was too small to draw any
conclusions about the absolute configuration of overcrowded alkene (R)-4.

The CD spectra of diastereoisomers (R,M)-2a (minor) and (S,M)-2b (major) (figure 3.2, right-hand
diagram), which are the thio-analogs of (R)-4, revealed distinct differences. Therefore, the CD
spectrum of (R)-4 (figure 3.2, left-hand diagram) was compared with the CD spectra of (R,M)-2a
(minor) and (S,M)-2b (major) to find any similarities or differences that could possibly lead to an
absolute configuration assignment of (R)-4. However, points of departure were too vague to draw any
conclusions as follows from figure 3.2.

In conclusion, so far no absolute configuration of overcrowded alkene (R)-4 was established.
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Figure 3.2 CD-spectra of optical active bisxanthylidene (R)-4 ((R,M)-4 or (R,S)-4)) and
bisthioxanthylidenes (S,M)-2b (major) and (R,M)-2a (minor).

3.4 Thermochromic Behavior

Despite being uncertain of its absolute configuration, thermochromic behavior of overcrowded alkene
(R)-4 was examined. Heating of powdered (R)-4, which is slightly yellowish, on a hot bench up to
330°C resulted in an indefinite black powder which did not adopt the original yellow color after
cooling. Apparently decomposition of (R)-4 took place. Generally, the change in color due to
thermochromic conversion takes place around the melting point of the compound under
investigation.4 In case of (R)-4, the temperature of decomposition appears to be lower than the melting
point.
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Bisxanthylidenes with carboxylic acid and methoxy functionalities, as (R)-4, have not been
synthesized previously, let alone they have been tested on thermochromic behavior. In order to
demonstrate that the two functionalities did not have unfavorable effects on thermochromic behavior,
bisxanthylidene 14 was synthesized and investigated (scheme 3.7).

Xanthylidene 9 was readily esterified with methanol to provide 13 in a 65% yield. The subsequent
intermolecular coupling reaction11 by the action of oxalyl dichloride and activated Cu-bronze12 gave
bisxanthylidene 14 in 20% yield in a cis/trans 1/1 ratio after column chromatography.
Characterization of 14 was carried out by exact mass spectroscopy, 1H and 13C NMR.
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Scheme 3.7 Synthetic route toward carboxylic acid and methoxy functionalized bisxanthylidene 14.

Yellow 14 was heated on a hot bench and melted at 255°C. Concomitantly, a color change to deep
green was observed which clearly indicated thermochromic behavior and demonstrated the carboxylic
acid and methoxy substituents not to prevent thermochromic transitions.

High temperature UV experiments7,8 were performed with bisxanthylidene (R)-4 and a 1/1 mixture of
cis-14 and trans-14. Concentrated solutions (~1 × 10–3 M) of (R)-4 and cis/trans-14, in freshly
distilled dimethyl phthalate (bp 282°C), were gradually heated to 200°C while the change in UV
absorption was monitored at regular temperature intervals of ~20°C. Pyrex UV cuvets were used
because of the high temperatures and an argon atmosphere was maintained inside the cuvets to
prevent unfavorable side reactions. Nevertheless, under these conditions no thermochromic transition
was observed for both bisxanthylidenes (R)-4 and cis/trans-14. It is remarkable that the
thermochromic properties of cis/trans-14, which were established on the hot bench, were not
confirmed by high temperature UV.

3.5 Conclusions

The desired overcrowded alkene (R)-4, composed of an enantiomerically pure binaphthol template
attached to a bisxanthylidene moiety, was successfully synthesized. Although overcrowded alkene
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(R)-4 can exist in two diastereomeric forms, low temperature 1H NMR studies revealed that only one
of them, (R,P)-4 or (R,M)-4, was formed during the last step of the synthesis implying a
diastereomeric excess of >99%. No absolute configuration assignment of the bisxanthylidene moiety
was achieved and it was not established which of the two diastereoisomers, (R,P)-4 or (R,M)-4, was
formed.

In general, bisxanthylidenes are known for their fast racemization at room temperature (∆G‡
rac = ~18

kcal mol–1).2i However, the aforementioned low temperature 1H NMR studies excluded a fast
isomerization (i.e. epimerization of bisxanthylidene moiety) of (R)-4 at room temperature. This
implies that a fast racemization process of bisxanthylidene is locked by the attachment of binaphthol.
Removal of binaphthol would therefore lead to enantiomerically pure bisxanthylidene. This
experiment has not been performed yet; it should be carried out at low temperature since the
enantiomerically pure bisxanthylidene will most likely immediately racemize at room temperature
when the binaphthol moiety is removed.

No thermochromic behavior was observed for overcrowded alkene (R)-4. However, a cis/trans
mixture of bisxanthylidene 14 did show thermochromic behavior. This result proved  that carboxylic
acid and methoxy substituents, as attached to cis/trans-14 and (R)-4, are no obstacles for
thermochromic behavior.

3.6 Experimental Section

See chapter 2 (section 2.7) for general remarks.

4-(4-Methoxyphenoxy)isophthalic acid (8) Under a nitrogen atmosphere, 4-bromoisophthalic acid
(7, 5.18 g, 21.1 mmol), 4-methoxyphenol (6, 3.96 g, 31.9 mmol), Cu-bronze (0.51 g, 8.0 mmol), NaI
(0.55 g, 3.7 mmol), and K2CO3 (11.0 g, 79.6 mmol) were dissolved/suspended in DMF (275 mL).
This mixture was refluxed for 3 days. After cooling, the mixture was filtered and the residue was
dissolved in water (200 mL). The solution was filtered and the filtrate was acidified with concentrated
HCl (aq) until pH = 1. The precipitate was filtered and dried at air. Product 8 was obtained as a brown
solid (3.13 g, 10.87 mmol, 52%). The product was used without further purification. 1H NMR (300
MHz, DMSO-d6, 25°C) δ 13.14 (br, 1H), 8.37 (d, J = 2.1 Hz, 1H), 8.04 (dd, J = 8.4, 2.1 Hz, 1H), 7.06
(m, 4H), 6.87 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H); 13C NMR (50 MHz, DMSO-d6, 25°C) δ 165.09 (s),
164.99 (s), 159.44 (s), 155.14 (s), 147.38 (s), 133.25 (d), 131.71 (d), 123.42 (s), 121.26 (s), 120.12
(d), 116.26 (d), 114.20 (d), 54.38 (q); HRMS calcd for C15H12O6: 288.0634; found: 288.0620.

7-Methoxy-9-oxo-9H-xanthene-2-carboxylic acid (9) Substrate 8 (2.79 g, 9.69 mmol) was dissolved
in 1,2-dichloroethane (50 mL) and SOCl2 (20 mL). This mixture was refluxed until HCl evolution
ceased (approx. 45 min). The solvents were removed and the oily residue was stripped once with 1,2-
dichloroethane (40 mL). The oily residue was dissolved in 1,2-dichloroethane (40 mL) and this
solution was cooled to 0°C. Powdered AlCl3 (5.2 g, 39.0 mmol) was added and the resulting green
mixture was stirred for 45 min at 0°C. The reaction mixture was quenched with 2 M HCl (aq). The
mixture was extracted with three portions of CH2Cl2 (75 mL). The combined organic layers were
washed three times with 2 M HCl (aq) (50 mL) and twice with water (50 mL). The organic layer was
dried (Na2SO4) and concentrated in vacuo to yield pure 9 as a beige solid (2.59 g, 9.59 mmol, 99%).
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1H NMR (300 MHz, DMSO-d6, 25°C) δ 9.15 (d, J = 2.2 Hz, 1H), 8.37 (dd, J = 8.8, 2.2 Hz, 1H), 7.70
(d, J = 8.8 Hz, 1H), 7.59 (d, J = 9.2 Hz, 1H), 7.49 (d, J = 2.9 Hz, 1H), 7.38 (dd, J = 9.2, 2.9 Hz, 1H),
3.94 (s, 3H); 13C NMR (50 MHz, DMSO-d6, 25°C) δ 174.36 (s), 165.00 (s), 156.82 (s), 154.97 (s),
149.08 (s), 134.14 (d), 126.84 (d), 125.36 (s), 123.88 (d), 120.41 (s), 119.06 (s), 118.86 (d), 117.77
(d), 104.75 (d), 54.73 (q).

(R)-1-(2-(((7-methoxy-9-oxo-9H-xanthen-2-yl)carbonyl)oxy)-1-naphthyl)-2-naphthyl 7-methoxy-
9-oxo-9H-xanthene-2-carboxylate [(R)-11]  Substrate 9 (1.00 g, 3.70 mmol) was refluxed in SOCl2

(40 mL) until formation of HCl stopped. Excess of SOCl2 was removed. The remaining solid was
stripped twice with benzene (40 mL). The beige solid was dissolved in CH2Cl2 (20 mL). This solution
was added dropwise to a solution of (R)-binaphthol ((R)-10, 0.50 g, 1.76 mmol) and a catalytic
amount of DMAP in CH2Cl2 (10 mL) and Et3N (10 mL). The mixture was stirred overnight at room
temperature. The solvents were evaporated and the remaining green solid was dissolved in CH2Cl2 (40
mL). The organic layer was washed twice with 1 M HCl (aq) (40 mL) and twice with water (40 mL).
The organic layer was dried (Na2SO4) and concentrated in vacuo to yield 1.00 g of crude reaction
mixture. Purification by column chromatography (Al2O3 (5% water); CHCl3/CH2Cl2 1/1; Rf = 0.56)
yielded pure (R)-11 (0.72 g, 0.91 mmol, 49%) as a yellow solid. 1H NMR (300 MHz, CDCl3, 25°C) δ
8.77 (d, J = 2.2 Hz, 2H), 7.99 (d, J = 8.8 Hz, 2H), 7.95 (dd, J = 9.0, 2.2 Hz, 2H), 7.90 (d, J = 8.1 Hz,
2H), 7.67 (d, J = 2.9 Hz, 2H), 7.58 (d, J = 8.8 Hz, 2H), 7.47-7.31 (m, 12H), 3.91 (s, 6H); 13C NMR
(50 MHz, CDCl3, 25°C) δ 174.56 (s), 162.10 (s), 157.17 (s), 154.83 (s), 149.06 (s), 145.39 (s), 133.63
(d), 131.78 (s), 130.12 (s), 128.45 (d), 128.34 (d), 126.56 (d), 125.52 (d), 124.63 (d), 124.39 (d),
123.61 (d), 123.35 (s), 122.16 (s), 120.55 (s), 120.15 (d), 119.23 (s), 117.93 (d), 116.85 (d), 104.43
(d), 54.44 (q); HRMS calcd for C50H30O10: 790.1836; found: 790.1821.

(R)-5,46-dimethoxy-9,15,36,42-tetraoxyundecacyclo [36.10.2.210,13.02,11.03,8.016,25.019,24.026,35.027,32.
041,49.043,48]dopentaconta-1,3,5,7,10(52),11,13(51),16,18,20,22,24,26(35),27,29,31,33,38,40,43,45,
47,49-tricosaene-14,37-dione [(R)-4]
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Under a nitrogen atmosphere, substrate (R)-11 (190 mg, 0.24 mmol) was dissolved in oxalyl
dichloride (40 mL) and refluxed for 24 h. The excess oxalyl dichloride was removed. The brown
residue was dissolved in freshly distilled p-xylene (35 mL, from sodium) and activated Cu-bronze12

(600 mg, 9.44 mmol) was added. This mixture was refluxed for 24 h. After cooling, the reaction
mixture was filtered and the filtrate was concentrated in vacuo to yield 183 mg of crude reaction
mixture. Purification by column chromatography (Al2O3 (5% water); CH2Cl2/n-hexane 1/1; Rf = 0.31)
yielded pure product (R)-4 (27 mg, 3.6 × 10–2 mmol, 15%) as a yellow solid. Decomposition at 330°C.
1H NMR (500 MHz, CDCl3, 25°C) δ 7.98 (d, J = 8.8 Hz, 2H18,33), 7.95 (d, J = 1.8 Hz, 2H12,50), 7.94
(d, J = 7.3 Hz, 2H20,31), 7.57 (dd, J = 8.4, 1.8 Hz, 2H39,51), 7.46 (t, J = 7.3 Hz, 2H21,30), 7.31 (d, J = 8.8
Hz, 2H17,34), 7.24 (t, J = 7.3 Hz, 2H22,29), 7.21 (d, J = 9.2 Hz, 2H7,44), 7.19 (d, J = 8.4 Hz, 2H40,52), 7.08
(d, J = 7.3 Hz, 2H23,28), 6.86 (dd, J = 9.2, 2.9 Hz, 2H6,45), 6.62 (d, J = 2.9 Hz, 2H4,47), 3.51 (s, 6H); 13C
NMR (50 MHz, CDCl3, 25°C) δ 165.17 (s), 158.42 (s), 154.91 (s), 148.86 (s), 147.22 (s), 134.24 (s),
131.64 (s), 130.72 (d), 129.73 (d), 129.59 (d), 127.96 (d), 127.12 (d), 126.55 (d), 125.57 (d), 124.57
(s), 123.96 (s), 123,31 (s), 122.36 (s), 122.28 (d), 120.81 (s), 118.22 (d), 117.46 (d), 116.81 (d),
111.39 (d), 55.36 (q); HRMS calcd for C50H30O8: 758.1941; found: 758.1950.
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UV (n-hexane, λ (ε)): 202 nm (61000), 225 nm (26000), 388 nm (14000)

CD (n-hexane, λ (∆ε)): 212 nm (+84.3), 225 nm (–195.9), 237 nm (+22.5), 245 nm (+33.4), 261 nm
(–17.5), 306 nm (+25.1)

Methyl 7-methoxy-9-oxo-9H-xanthene-2-carboxylate (13) Substrate 9 (1.5 g, 5.56 mmol) was
refluxed in SOCl2 (40 mL) for 1 h. The excess SOCl2 was removed and the remaining brown solid
was stripped twice with benzene (40 mL). The brown solid was dissolved in CH2Cl2 (15 mL) and
added dropwise to a mixture of methanol (20 mL), triethylamine (10 mL), and a catalytic amount of
DMAP. This mixture was stirred overnight at room temperature. The solvents were removed and the
brown residue was dissolved in CH2Cl2 (40 mL), washed with 1M HCl (aq) (2 × 40 mL), and washed
with water (2 × 40 mL). The organic layer was dried (Na2SO4) and concentrated in vacuo to obtain a
brown residue. The residue was washed with a slight amount of diethyl ether and the white precipitate
(product 13) was collected. Product 13 (1.02 g, 3.59 mmol, 65%) was obtained as a white solid. 1H
NMR (300 MHz, CDCl3, 25°C) δ 9.03 (d, J = 2.2 Hz, 1H), 8.36 (dd, J = 8.8, 2.2 Hz, 1H) 7.70 (d, J =
2.9 Hz, 1H) 7.53 (d, J = 8.8 Hz, 1H) 7.46 (d, J = 9.2 Hz, 1H) 7.35 (dd, J = 9.2, 2.9 Hz, 1H), 3.98 (s,
3H), 3.93 (s, 3H); 13C NMR (50 MHz, CDCl3, 25°C) δ 174.90 (s), 164.40 (s), 157.05 (s), 154.88 (s),
149.20 (s), 133.54 (d), 127.79 (d), 124.27 (s), 123.73 (d), 120.56 (s), 119.24 (s), 117.97 (d), 116.88
(d), 104.40 (d), 54.46 (q), 50.88 (q); HRMS calcd for C16H12O5: 284.0685; found: 284.0680.

Methyl 7-methoxy-9-[2-methoxy-7-(methoxycarbonyl)-9H-xanthen-9-ylidene]-9H-xanthene-2-
carboxylate (14) Under a nitrogen atmosphere, substrate 13 (790 mg, 2.78 mmol) was refluxed for 24
h in oxalyl dichloride (40 mL). The excess oxalyl dichloride was removed and the brown residue was
dissolved in freshly distilled p-xylene (40 mL, from sodium). Activated Cu-bronze12 (1.59 g, 25.02
mmol) was added and this mixture was refluxed for 24 h. After cooling, the solution was filtered and
the filtrate concentrated in vacuo to obtain a brown solid. The product was isolated by column
chromatography (Al2O5 (5% water), n-hexane/CH2Cl2 1/2; Rf = 0.56) to obtain pure 14 with a 20%
yield (153 mg, 0.28 mmol) as a light yellow solid in a cis/trans 3/2 ratio. 1H NMR (500 MHz, CDCl3,
25°C): cis-14: δ 7.94 (dd, J = 8.5, 1.6 Hz, 2H), 7.91 (d, J = 1.6 Hz, 2H), 7.31 (d, J = 8.5 Hz, 2H), 7.21
(d, J = 9.0 Hz, 2H), 6.84 (dd, J = 9.0, 2.9 Hz, 2H), 6.67 (d, J = 2.9 Hz, 2H), 3.79 (s, 6H), 3.41 (s, 6H);
trans-14: δ 7.94 (dd, J = 8.3, 2.0 Hz, 2H), 7.78 (d, J = 2.0 Hz, 2H), 7.30 (d, J = 8.3 Hz, 2H), 7.22 (d, J
= 8.8 Hz, 2H), 6.83 (dd, J = 8.8, 2.9 Hz, 2H), 6.52 (d, J = 2.9 Hz, 2H), 3.72 (s, 6H), 3.51 (s, 6H); 13C
NMR (50 MHz, CDCl3, 25°C): cis-14: δ 164.62 (s), 157.08 (s), 153.37 (s), 147.55 (s), 128.31 (d),
128.07 (d), 122.82 (s), 122.66 (s), 122.43 (s), 121.62 (s), 116.63 (d), 115.93 (d), 115.12 (d), 109.86
(d), 53.89 (q), 50.31 (q); HRMS calcd for C32H24O8: 536.1471; found: 536.1483.

UV (n-hexane, λ (ε)): 192 nm (37000), 220 nm (27000), 375 nm (7000)

Thermochromic behavior of (R)-4 and 14.

Hot bench experiments. Experiments were performed on a Kofler hot bench (Leica). The examined
compound was pulverized to a fine powder and gradually heated from room temperature till a
temperature at which a color change was observed.

Yellow (R)-4 was heated to a temperature of 330°C at which decomposition into an undefinite black
powder was observed.

Yellow 14 was heated to 255°C at which the compound melted and a concomitant color change to
deep green was observed indicating a thermochromic state of 14.
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High temperature UV/VIS experiments. High temperature UV experiments7,8 were performed in
pyrex UV cuvets because of their resistance to high temperatures. The pyrex cuvet was charged with a
concentrated solution (~1 × 10–3 M) of (R)-4 or 14 in freshly distilled dimethyl phthalate (bp 282°C).
Argon was bubbled through the solution for 15 min to create an inert atmosphere. The sample was
gradually heated to 200°C during which the change in UV absorption was monitored at regular
temperature intervals of ~20°C. Under these conditions no thermochromic absorptions were observed
in the UV/VIS spectra for both bisxanthylidenes (R)-4 and 14.
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