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The unexpected formation of cyclohexa-2,5-dien-1-one (6) spiro-conjoined with a dihydrobenzofuran
framework, and the photochemical behavior of this compound in solution as well as in the solid state are
described. The photoreaction of 6 in solution affords two rearranged products, one (7) accompanied by
the enlargement of the oxygen heterocyclic ring and the other (8) accompanied by cyclopentadienone
fragmentation. In the solid state, the former is the sole photoproduct of both solvated and desolvated
crystals. The desolvated crystals were obtained as polycrystalline solids by thermal release of solvent
molecules, and its structure was elucidated by ab initio determination from X-ray powder diffraction
data followed by the Rietveld refinement.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Diradicals are a focus of increasing interest because of their
importance in gaining an understanding of spin—spin interactions.!
Recently, we have reported interesting dynamic behavior that in-
volves bond dissociation and regeneration via diradical species;?
the cyclopropane ring of compound 1 has been found to exist in
solution in fast equilibrium with diradicals via the dissociation of
the C—C bond of trispiro-conjoined cyclopropane. In the solid state,
on the other hand, 1 exhibits slow interconversion between ring-
opened and ring-closed forms. Thus, when heated to 180 °C, 1
undergoes homolytic bond dissociation to generate a diradical,
which persists and gradually regenerates the cyclopropane ring as
temperature is decreased. This cycle of reversible bond dissociation
and recombination via a diradical is accompanied by a color change.
The diradical derived from 1 consists of two bisphenoxyl radicals in
which the fundamental framework bearing the radical centers is
bis(p-hydroxyphenyl)methane (p,p-isomer). Thus, it is interesting
to determine whether similar dynamic behavior to that observed in
the p,p-isomer occurs in o,p- and o,0-isomeric forms (Scheme 1). In
this context, we have prepared their possible precursor compounds
and investigated their photochemical and thermal properties,
particularly in the solid state. Herein, we describe unusual photo-
induced rearrangements in spiro-cyclohexadienone compound 6
occurring not only in solution but also in the solid state. For the
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latter, solvated and desolvated crystals were used to gain insight to
the comparative photoreactivity upon solid-state irradiation.

2. Results and discussion
2.1. Preparation of precursor for p,0-isomer

As a possible precursor for the generation of p,o-diradicals, we
chose 2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-(3,5-di-tert-butyl-
2-hydroxyphenyl)-1H-indene-1,3(2H)-dione (2), which is expected
to afford cyclopropane compound 3 by oxidation similarly to 1.
Compound 2 was prepared by the reactions of ninhydrin with 2,6-
di-tert-butylphenol and then with 2,4-di-tert-butylphenol. The
product actually has an intramolecular hemiacetal structure, 4,
rather than the expected dihydroxyphenyl structure.> Compound 4
was oxidized by potassium hexacyanoferrate(Ill) in a similar re-
action to that for 1. The product, however, was not the cyclopropane
compound 3, but the ring-expanded lactone 5 (52%) and the spiro-
conjoined cyclohexa-2,5-dien-1-one 6 (24%) (Scheme 2). The oxida-
tion of (p-hydroxyphenyl)(o-hydroxyphenyl)methane compounds
has been known to frequently afford spiro-cyclohexadienone
compounds.? Therefore, 4 is assumed to exist in equilibrium with
the ring-opened form, which could be oxidized to afford 6.

The structures of 5 and 6 were elucidated by '"H NMR and mass
spectrometry and confirmed by X-ray analysis (Figs. 1 and 2). The
quinonoid compound 5, an orange solid, exhibits two sets of two
doublets weakly coupled to each other and four methyl signals due
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Scheme 1. Isomeric diradicals based on bis(hydroxyphenyl)methane.
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Nk A >0 however, the results clearly indicate the structure of 5. The eight-
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C---C=C torsional angle of 49.54°. On the other hand, the dihedral
Fig. 1. X-ray structure of 5. angle of C(Ph)—C(=0)---0—C(Ph) is 10.63°.
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Single crystals of 6 suitable for X-ray studies were obtained by
the slow evaporation of the solvent from acetonitrile solution.
X-ray analysis revealed that the crystals are solvated by MeCN
molecules in a ratio of 6/MeCN=1:1. These solvent molecules are
embedded in a channel-like column and not released after five days
at room temperature. The TH NMR spectrum of 6 at room tem-
perature and even at high temperatures showed no evidence that
dynamic molecular motion occurs in 6. When 6 was heated to
above its melting point (234 °C), no decomposition was observed.
We carried out a photoreaction of 6, expecting to find a photore-
action via the p,0-isomeric bis(phenoxyl) radical, which would be
formed if the single bond connecting the spiro carbon and oxygen
atoms undergoes hemolytic bond cleavage.

2.2. Photolysis in solution

An acetonitrile solution of compound 6 (ca. 1.2 mmol/L) was
irradiated with a high-pressure mercury lamp through a Pyrex
filter under nitrogen at room temperature. Distinct photoreac-
tions were induced as probed by the 'H NMR analysis of the re-
action mixture, which clearly shows two photoproducts, i.e., 7
and 8, along with starting compound 6 in a ratio of 7/8/6=1:2:3
(Scheme 3). The photoproduct 8 was isolated by gel permeation
chromatography (GPC) and its structure was elucidated by NMR
and mass spectrometry. The 'H NMR spectrum exhibited a set of
AA’BB’ signals in the aromatic region due to four protons and two
slightly coupled doublets a 1,2,3,5-tetra-substituted benzene ring.
The chemical shifts of these latter signals are in fair agreement
with those reported for a similar benzoquinone-fused benzofuran
derivative.’ Eventually, the structure of 8 was confirmed by X-ray
analysis. Although the results are not good enough to provide
accurate structural parameters because of the poor crystallinity of
the single crystal employed for data collection, they are still sat-
isfactory for revealing the gross structure of 8 (Fig. 3).

On the other hand, the separation of 6 and 7 could neither be
achieved by GPC even after 10 cycles nor by recrystallization from
various solvents. The structure of 7 was elucidated on the basis of
the spectral data from a sample in which 6 and 7 coexist. The mass
spectrum of this sample was not distinguishable from that of pure
6, indicating that the concomitant photoproduct is an isomer of 6.
In Fig. 4, the 'H NMR spectrum of the sample is shown, for which
the signals attributed to 7 are indicated by asterisks. The 'H signal
at 2.98 ppm, which is assigned to the methine proton, is weakly
coupled to the signal at 7.06 ppm (J=3.6 Hz), indicating the pres-
ence of the CH—CH=C framework. In '3C NMR, at least 28 signals
are assigned to photoproduct 7 by eliminating 21 signals due to 6.
These include the signals due to three carbonyl carbons (202.0,
200.0 and 192.9 ppm) and the quart- and tert-carbons at the spiro-
conjoined positions (63.9 and 50.8 ppm, respectively). In the IR
spectrum, an OH stretching band was not observed. On the basis of
these results, the structure of the photoproduct was determined to
be 7, which includes the partial structure of the keto form of
a phenol. It is rather surprising that 7 fails to undergo enolization by
treatment with acid, although there have been many examples of
such rearrangements that are known as cyclohexadienone—phenol
rearrangements.®

A plausible mechanism of the photorearrangement of 6 to 7
involves the homolytic cleavage of the C—O bond of the five-
membered oxygen ring to form the p-,0-diradical isomer shown
in Scheme 1. The recombination of the diradical to furnish the six-
membered ring followed by hydrogen migration results in the
formation of 7. The carbon—oxygen bond linked to the 4-position of
cyclohexa-2,5-dien-1-one has been known to undergo direct pho-
tochemical cleavage.” Alternatively, as observed in the photo-
chemistry of 2,4,6-tri-tert-butyl-4-methoxy-cyclohexadienones,®
the photoexcited transformation to a bicyclo[3.1.0]hexanone
framework would be involved.® This latter mechanism also ac-
counts for the formation of 8 as shown in Scheme 4. Thus, the

Scheme 3. Photoreaction of 6.
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Fig. 3. X-ray structure of 8.

formation of 8 could be rationalized analogously to the photore-
action of 4-tert-butylperoxy-4-methyl-2,6-di-tert-butylcyclohex-
adienone, wherein 1,5-di-tert-butylcyclopentadienone is formed
via a lumiketone-type intermediate followed by radical rear-
rangement.!® Such a photoprocess for 6 would result in the elimi-
nation of the 2,5-di-tert-butycyclopentadienone fragment. In the
mass spectra of the photoreaction mixture, the molecular ion
peak assignable to 2,5-di-tert-butycyclopentadienone was detected
at m/z=191.

2.3. Photolysis in the solid state

Upon recrystallization from acetonitrile, 6 was obtained as sol-
vate crystals including 6/CH3CN in a 1:1 ratio. The polycrystalline
solid of 6 was held among Pyrex plates and irradiated with a mer-
cury lamp at room temperature. After 3 h, the solid was dissolved in
CDCl3 and its NMR spectrum was recorded, which showed the
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Fig. 4. NMR spectrum (in CD3CN) of photoproduct 7 coexisting with 6. Signals due to 7 are indicated by asterisks (+). The methyl protons of tert-butyl groups are outside this scale.
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Scheme 4. Plausible reaction paths to 7 and 8.

existence of 7 as the sole product with a 15% yield: the other
compound 8 obtained in solution photochemistry was not detec-
ted. The distinct photochemical behavior in the solid state from that
in solution suggests that the lattice-controlled reaction is induced
in the solid state.!! The solvate acetonitrile was retained in the
photoproduct after photoirradiation, as observed in the NMR
spectrum.’? XRD studies revealed the occurrence of haloes in the
XRD profiles after photoirradiation (Fig. 5). This observation in-
dicates that the solid-state reaction results in the collapse of the
crystalline phase to form an amorphous phase in ca. 15% of the
entire solid. This was also the case for photoirradiation of single
crystals of 6, although the conversion of 6 to 7 was as low as 5% after
48 h irradiation.

Single crystals of 6 became opaque when acetonitrile was re-
leased by heating to 80 °C. It was revealed on the basis of the XRD
studies that the resulting solids were in a new crystalline phase
(Fig. 5). Then, in order to examine the effect of crystal environment
on the reaction, the solid-state photoreaction of desolvated 6 was
also carried out. The result was the formation of 7 as a single

product in ca. 10% yield after 40 h irradiation. The XRD profiles after
photoirradiation again exhibited haloes. The conversion of 6 to 7
should be accompanied by an appreciable structural change that
disturbs the crystalline environment around the reaction sites. A
mismatching between the reactant and product in terms of mo-
lecular structure would induce a collapse to the amorphous phase
at reaction sites.'?

We were able to elucidate the crystal structure of desolvated
crystals of 6 by ab initio structure determination from X-ray powder
diffraction data followed by the Rietveld refinement, which entails
refining the parameters of a structural model to supply a calculated
X-ray powder diffraction pattern similar to the observed one.®
Fig. 5(d) shows the Rietveld refinement plot for desolvated crystals
of 6. The molecular packing is similar before and after the loss of
acetonitrile in the sense that the molecules are aligned along the b-
axis (Fig. 6), although the space group changes from P-1 to P2;. It is
interesting to note that achiral solvate crystals are transformed into
chiral crystals by elimination of solvent molecules; the molecules of
6 are in a chiral structure because of deformation of the five-
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Fig. 5. XRD profiles of 6. (a) Solvate crystal of 6-CH5CN after photoirradiation, (b)
solvated crystal of 6- CH3CN before photoirradiation, (c) desolvated solids of 6 obtained
after heating, and (d) Rietveld refinement plot for desolvated 6.

membered oxygen heterocycle from a planar geometry. With the
crystal structures of solvated and desolvated 6 in hand, we carried
out a comparative investigation of their photoreactivity, considering
that solid state reactions under lattice control depend on the crys-
talline environment. The photoreactions were monitored by exam-
ining the decrease in IR absorbance at 1714 and 1647 cm™! upon the
irradiation of the sample compressed in KBr pellets. However, the
results were not in agreement with our expectation, indicating that

(b)

Fig. 6. Crystal structures of (a) (6)(CH3CN) and (b) desolvated 6.

there are no appreciable differences in the reaction rate. It might be
assumed, at least from this observation, that degradation of the
crystalline state into an amorphous phase does not play a role in
controlling the rate.

2.4. Attempted preparation of precursor of o-,0-isomer

In our attempts to synthesize the o-,0-diradical isomer, as rep-
resented in Scheme 1, 2,2-(3,5-di-tert-butyl-2-hydroxyphenyl)-1H-
indene-1,3(2H)-dione (9) was chosen as the appropriate precursor.
To prepare 9, ninhydrin was reacted with 2,4-di-tert-butylphenol in
acetic acid in the presence of a small amount of sulfuric acid.
Contrary to our expectation, the product was the benzofurane-
condensed lactone 10 (20%). Although the reactions of ninhydrin
with p-substituted phenols in the presence of ZnCl, have been
reported to give this type of lactone,# their structural character-
ization is unequivocal. We carried out an X-ray analysis of a single
crystal obtained by recrystallization from benzene and un-
ambiguously determined the structure of the product (Fig. 7). The
crystal of 10 includes benzene molecules located in a channel
running along the ag-axis. The eight-membered ring has a tub
structure angle of 10.63° for C—0—C(0)—C
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Fig. 7. X-ray structure of 10. Solvated benzene molecules are omitted for clarity.

A plausible mechanism of the formation of 10 is shown in
Scheme 5 and is based on analogous systems.!”> Cleavage at the
carbon—carbon bond of the intramolecular hemiacetal structure
produces an eight-membered lactone ring, and acid-catalyzed
hemiacetal formation at the carbonyl unit leads to the formation
of a furan ring. In spite of all our efforts including the use of milder
reaction conditions, we could not isolate a hemiacetal intermediate.
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3. Conclusions

We have observed the unexpected formation of a novel cyclo-
hexadienone compound incorporated in the dispiro framework
upon the oxidation of intramolecular hemiacetal compounds. The
photoirradiation of this compound in acetonitrile induced a rear-
rangement, resulting in the expansion of the oxygen heterocyclic
ring, leaving the cyclohexadienone moiety intact. Another photo-
product was accompanied by the fragmentation of the cyclo-
pentadienone skeleton to afford benzofuranonaphthoquinone.
Photoirradiation in the solid state afforded only the former as
a product of solvated crystals as well as of desolvated crystals, for
which the crystal structure was determined by powder X-ray dif-
fraction. In both solvated and desolvated crystals, the photoreaction
induced an amorphous phase at the reacted sites.

4. Experimental
4.1. General

All melting points were determined using a Yanaco MS-500 V
apparatus and are uncorrected. The IR spectra were obtained on
a Shimadzu FTIR-8200PC spectrometer. The 'H NMR (500 MHz)
and 3C NMR (125 MHz) spectra were recorded using a JEOL a-500
spectrometer. Chemical shifts are given in ¢ values (ppm) using
TMS as the internal standard. Mass spectra were taken on a Shi-
madzu GC—MS-QP5050A mass spectrometer. Elementary com-
bustion analyses were recorded using a Yanaco CHN CORDER MT-6
analyzer. All reactions were monitored by TCL employing
a 0.25 mm silica gel plate (Merck 60F 254). Gel permeation chro-
matography (GPC) was performed using two columns (GAIGEL 1H
and 2H) on an LC-908 recycling preparative HPLC. Column chro-
matography was carried out on silica gel (Merck 60N spherical).

4.1.1. Preparation of 2-(3,5-di-tert-butyl-4-hydroxyphenyl)-2-(3,5-
di-tert-butyl-2-hydroxyphenyl)-1H-indene-1,3(2H)-dione (4). To a
solution of 2-hydroxy-2-(3,5-di-tert-butyl-4-hydroxyphenyl)-1H-
indene-1,3(2H)-dione (3.0 g, 8.2 mmol) in acetic acid (30 mL) were
added a small amount of p-toluenesulfonic acid (ca. 10 mg) and 2,4-
di-tert-butylphenol (2.0 g, 9.8 mmol) at room temperature. The
mixture was heated at reflux for 4 h. Aqueous work up, extraction
with dichloromethane, and drying over anhydrous Mg,SO4 affor-
ded a reddish solution. After the solvent was removed under re-
duced pressure, the resulting solids were washed with hexane for
decoloration and recrystallized from acetonitrile to give 4 (4.2 g,
92%) as a white solid.

Compound 4: Mp 268—269°C. IR (Nujol): 3630, 3298,
1701 cm~ L. 'H NMR (CDCl3): 6 1.24 (9H, s), 1.32 (18H, s), 1.37 (9H, s),
3.05 (1H, br s), 5.27 (1H, br s), 6.73 (2H, s), 7.20 (1H, d, J=2.4 Hz),
7.21 (1H, J=2.4 Hz), 7.55 (1H, t, J=7.2 Hz), 7.77 (1H, J=7.0 Hz), 7.87
(1H, d, J=7.6 Hz), 8.00 (1H, d, J=79 Hz). C'* NMR (DMSO-ds):
029.06,29.20, 30.23, 31.52, 33.98, 34.22, 34.96, 68.97, 69.30, 113.03,
120.17,122.77,124.56, 125.85, 126.01, 127.80, 130.54, 131.53, 134.80,

136.10, 137.82, 142.81, 151.89, 152.04, 152.86, 201.59. MS (m/z): 554
(M*), 539, 498. Anal. Calcd for C37Hag04: C, 80.11; H, 8.36%. Found:
C, 79.08; H, 8.14%.

4.1.2. Oxidation of 4. To a solution of potassium hex-
acyanoferrate(Ill) (3.5 g) and sodium hydroxide (0.8 g) in 15 mL
water was added 4 (1.0 g, 1.8 mmol) dissolved in CHCl3 (50 mL) at
25 °C. The mixture was stirred for 1 h. After aqueous work up, ex-
traction with chloroform (300 mL), drying over anhydrous Mg,SO04,
and evaporation of the solvent under reduced pressure, the residual
solid was chromatographed on silica gel with benzene and
dichloromethane as eluents to give 5 (0.52 g, 52%) and 6 (0.24 g,
24%).

4.1.2.1. 2,4-Di-tert-butyl-12-(3,5-di-tert-butyl-4-o0xo0-2,5-
cyclohexadienylidene)-11,12-dihydro-6H-dibenzo[b.floxocin-6,11-
dione (5). Reddish brown crystals. Mp 207—209 °C. IR (Nujol): 1747,
1664, 1624 cm~". '"H NMR (CD3CN): ¢ 6.63 (1H, d, J=2.6 Hz), 7.15
(1H, d, J=2.4 Hz), 7.43 (1H, d, J=2.6 Hz), 7.51 (1H, d, J=2.3 Hz), 7.53
(1H, m), 7.66 (2H, m), 7.80 (1H, m). MS (m/z): 552 (M™"). Anal. Calcd
for C37H4404: C, 80.45; H, 7.97%. Found: C, 80.08; H, 8.11%.

4.1.2.2. 3,557 -Tetra-tert-butyldispiro[[2,5]cyclohexadiene-1,2’-
[2,3]dihydrobenzofuran-3',2"-[2H]indene]-1",3",4-trione (6). Yellow
crystals. Mp 234 °C. IR (Nujol): 1714, 1672, 1647 cm~'. 'TH NMR
(CDCl3): 6 1.04 (18H, s), 1.25 (9H, s), 1.43 (9H, s), 6.65 (1H, d,
J=1.8 Hz), 6.75 (2H, s), 7.31 (1H, d, J=1.8 Hz), 7.84 (2H, dd, J=3.1,
3.1 Hz), 7.93 (2H, dd, J=3.1, 3.1 Hz). >*C NMR (CDCl3): 4 28.95, 29.32,
31.66, 34.46, 34.62, 34.82, 73.77, 85.57, 119.24, 123.59, 124.60,
124.82,133.38, 136.18, 137.44, 142.86, 144.60, 147.56, 156.43, 185.34,
196.90. MS (m/z): 552 (M™). Anal. Calcd for C37H4404: C, 80.45; H,
7.97%. Found: C, 80.56; H, 8.24%.

4.2. Photoreaction of 6

An acetonitrile solution of compound 6 (1.2 mmol/L) was irra-
diated with a high-pressure Hg lamp (Riko UVL-400HA) through
a Pyrex filter under nitrogen at 0 °C. After irradiation for 1 h the
solvent was removed under reduced pressure without heating. The
resulting residue was chromatographed on GPC (JAL-gel, GPL) to
afford two fractions; one, a mixture of 6 and 7, and the other, 8. The
percent conversion was determined by NMR of the crude reaction
mixture after evaporation.

Solid-state irradiation was carried out for samples (ca. 25 mg)
held between Pyrex glasses or dispersed in compressed KBr pellets
under atmospheric environment at room temperature. The irradi-
ated solids were dissolved in CDCl3 for analysis by NMR. The IR
spectra were obtained from KBr pellets on a BioRad FTS-3000 FT-IR
spectrophotometer.

4.2.1. 2'4',5',7'-Tetra-tert-butyl-3-hydroxy-spiro[[2H]indene-2,9'-
[9H]xanthene]-1,3-dione (7)—keto form. By subtracting the signals
due to 6 in 'H and 3C NMR spectra the following signals are
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assignable to 7. "H NMR (CD3CN): 6 0.49 (9H, s), 1.02 (9H, s), 1.08
(9H, s), 1.40 (9H, s), 2.98 (1H, d, J=3.6 Hz), 6.24 (1H, d, J=1.9 Hz),
7.06 (1H, d, J=3.6 Hz), 7.26 (1H, d, J=1.9 Hz), 8.00 (4H, m). 13C NMR
(CDCl3): 6 202.0, 200.0, 192.9, 154.5, 153.5, 151.2, 144.6, 143.0, 140.8,
136.7, 135.8, 132.4, 125.2, 124.1, 123.5, 115.6, 63.9, 50.8, 34.4, 34.2,
32.5, 32.1, 29.3, 28.7, 27.4, 26.2. Anal. Calcd for C37H4404: C, 80.45;
H, 7.97%. Found: C, 80.72; H, 7.88%.

4.2.2. 2,4-Di-tert-butylbenzo[bnaphtho[2,3-d]furan-6,11-dione
(8). 'H NMR (CD3CN): & 1.51 (9H, s), 143 (9H, s), 7.64 (1H, d,
J=2.1Hz), 7.84 (2H, m), 8.10 (1H, d, J=2.1 Hz), 8.18 (2H, m). >C NMR
(CDCl3): 6 29.96, 31.69, 34.75, 35.26, 117.47, 123.14, 124.27, 124.50,
126.64,126.81,132.61,133.40, 133.72,133.95, 135.70, 149.53, 153.20,
153.47, 175.25, 181.88. MS (m/z): 360 (M™"), 344. Anal. Calcd for
C4H2403: C, 80.00; H, 6.67%. Found: C, 80.26; H, 6.29%.

4.3. Reaction of ninhydrin with 2,4-di-tert-butylphenol

To a solution of ninhydrin (3.02 g, 17 mmol) in acetic acid
(30 mL) were added 2,4-di-tert-butylphenol (6.97 g, 34 mmol) and
a drop of concd sulfuric acid. The mixture was heated at reflux for
4 h. Aqueous work up, extraction with dichloromethane (300 mL),
and drying over anhydrous Mg,SO, afforded a reddish solution.
After the solvent was removed under reduced pressure, the
resulting solids were chromatographed on silica gel with benzene
as eluent to give 10 (1.82 g, 20%).

4.3.1. 2,4,12,14-Tetra-tert-butyl-6H-dibenzo[b.f]benzofuro|3,2-d]ox-
ocin-6-one (10). Mp 216—217 °C. IR (Nujol): 1732, 1248 cm™'. 'H
NMR (CDCls): 6 6.61 (1H, d, J=1.8 Hz), 6.80 (1H, q, J=1.5 Hz), 6.87
(1H, d, J=3.1 Hz), 7.28 (1H, J=1.8 Hz), 7.89 (4H, m). MS (m/z): 536
(M™). Anal. Calcd for C37H4403 :C, 82.78; H, 8.18%. Found: C, 82.26;
H, 8.04%.

4.4. Single-crystal X-ray crystallography

X-ray crystallographic data were collected at cryogenic tem-
perature (—50 °C) for 6 and at ambient temperature for others on
a Rigaku-RAPID imaging plate two-dimensional area detector using
graphite monochromatized Mo Ko radiation(1=0.71073 A). All
crystallographic calculations were performed using Crystal-
Structure crystallographic software.'® Crystal data have been sub-
mitted to CCDC, which can be obtained free of charge at
www.ccdc.cam.ac.uk/conts/retrieving.html.

4.4.1. Crystal data for 5. C37H4404, P-21/c (#14), a=9.4641(9),
b=24.3590(20), c=14.6422(11) A, f=104.825(3)°, V=3263.2(5) A3,
Z=4, Deaica=1.125 g/cm3, R;=0.1241, wR,=0.3521, CCDC 813921.
Crystal data for (6)(CH3CN): CsoHg7O4N, P-1 (#2), a=9.7554(5),
b=12.5742(5), C:14.6696(8)A, 2=85.6750(15)°, (=77.3860(15)°,
v=82.0220(14), V=173713(14) A3, Z=2, Deaica=1135 g/cm?, R;=0.0467,
WR>=0.1520, CCDC 813922. Crystal data for 8. Cy4H2403, Pnma (#62),
a=15.1070(13), b=71473(5), c=18.1696(14) A, V=19619(3) A3, Z=4,
Dcalca=1.220 g/cm3, R1=0.1231, wR»=0.1924. CCDC 813923.Crystal
data for (10)y(benzene)s: Ca4eHs5303, P-1 (#2), a=9.57324(5),
b=15.2267(7), c=15.2332(7)A, 0=66.0570(9)°, B=77.3180(15)°,
y=84.2820(16)°, V=1979.83(16)A3, Z=2, Deaq=1.097 g/cm?>,
R1=0.1097, wR»,=0.2720, CCDC 813924.

4.5. Powder X-ray diffraction

The synchrotron X-ray powder diffraction data for the poly-
crystalline sample of the desolvated 6 were recorded at ambient

temperature on beamline 4B2 (parallel beam optics) at the PF
synchrotron facility using a wavelength of 1.197040(7)A. The
sample was loaded into a borosilicate glass capillary (2.0 mm di-
ameter) and was used for the diffraction measurement in trans-
mission mode. The powder X-ray diffraction pattern was indexed
using the program DICVOLO04.!7 The structure solution was carried
out using the simulated annealing method incorporated in the
program DASH.'® The best structure obtained in the structure so-
lution calculation was used as the initial structural model for

Rietveld refinement, which was carried out using the GSAS

program.!®

4.5.1. Crystal data for 6. C37H4404, P21 (#4), monoclinic,
a=10.3569(3), b=16.5705(4), ¢=9.7932(4)A, $=102.5746(1),
V=1640.39(10)A%>, Z=2,  Deaca=1119g/cm?  Rp=0.0215,
Rwp=0.0287, CCDC 818653.
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