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Abstract: Para-methyl benzyl alcohol
(p-MeBA 1I) and para-chloro benzyl
alcohol (p-CIBA) are quasi-isostructur-
al and share the same hydrogen-bond
patterns, but their crystals are not iso-
morphous. No new polymorphs could

CIBA, was induced by hetero-seeding
with a small quantity of powdered p-
CIBA added to a supersaturated solu-
tion of p-MeBA in hexane, while seed-
ing of p-CIBA with p-MeBA II failed
to give a new phase of p-CIBA isomor-

phous with known crystalline p-
MeBA II. Mixed crystals of p-MeBA
and p-CIBA were also prepared with
different p-MeBA/p-CIBA ratios to un-
derstand the role of the different func-
tional groups in the crystal structure.

be obtained by conventional poly-
morph screening based on different
solvents and different crystallization
conditions. Formation of a new poly-
morph of p-MeBA named p-MeBA I,
isomorphous with the crystal of p-

Introduction

Polymorphism, the existence of more than one crystal struc-
ture for the same molecule or molecular aggregate (salt, co-
crystal, solvate),l*! is a hot topic in solid-state chemistry re-
search. The phenomenon of crystal polymorphism, with its
still ample degree of unpredictability, represents a major
challenge to our ambitions of crystal design and rational
control of crystal nucleation and growth."! Since different
crystal forms can differ in their physical and chemical be-
haviors (solubility, bioavailability, thermal stability, hardness,
processability etc.), the understanding of the conditions that
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Crystal phases were characterized by
combined use of single-crystal and
powder X-ray diffraction, differential
scanning calorimetry, and solid-state
NMR spectroscopy.

engineering

lead to the interconversion of known crystal phases or to
the formation of new ones is of paramount importance
when dealing with active pharmaceutical ingredients or
other molecular materials (agrochemicals, explosives, pig-
ments, etc).

To attain polymorph selection, the processes of nuclea-
tion, growth, and crystallization have to be mastered. As a
matter of fact, the experimental investigation of crystal poly-
morphism is still mainly based on systematic (manual or au-
tomatic) solvent and thermal screenings.”! However, the
recent literature proposes new methodologies to explore the
formation of new phases, such as the use of polymer hetero-
nuclei,® additives,” solvent-free reactions,'” mechanical-
grinding processes, ' supercritical fluids,"***! and high-
pressure conditions.'*!® The utilization of hetero-seeds to
induce the desired form has also been used successfully.!*->"!
Usually, the hetero-seed is a crystalline sample formed by
molecules that possess almost the same structure as the
compound of interest. The difference may be due to a sub-
stituent or, as in the case of salts, a different counterion. It
is known that chlorine and methyl groups have similar van
der Waals volumes (21 and 19 A® for Cl and Me, respective-
ly), so it should be possible for molecules containing chlor-
ine atoms or methyl groups in chemically equivalent sites to
have the same crystal structure according to the Kitaigorod-
skii principle of close packing,**?! although their different
inductive effect might play an active role in modifying the
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stabilizing interactions.”” Jones et al.?Y described the case
of methyl and chlorine cyclopentanone derivatives that crys-
tallize with different conformations, so that the methyl de-
rivative is photoactive and undergoes dimerization upon
UV irradiation, while the chlorine derivative is photostable;
crystallization of the chlorine derivative in the presence of
the methyl derivative leads to formation of a solid solution
crystal, isomorphous with the photoactive crystal. The phe-
nomenon by which in mixed crystals the molecular geome-
try of the minor component is forced to adopt the packing
mode of the dominant second component was called “struc-
tural mimicry” by Sacconi et al.”*’!

However, in a recent study, Motherwell et al.*! argued
that the formation of a Cl--Cl interaction®! seemingly pre-
vents the formation of isomorphic phases in isostructural Cl/
Me molecules. The influence of Cl---Cl interactions in the
crystal structural energy minimization is still under debate,
and both geometric and energetic considerations have to be
taken into account.”"

Our purpose is to extend the use of the hetero-seeding
method to induce new phases, focusing our attention on the
pair para-methyl benzyl alcohol (p-MeBA) and para-chloro
benzyl alcohol (p-CIBA). One crystal structure is known for
each compound,®'¥ and they are not isomorphous, even
though they are based on the same hydrogen-bond pattern
and show similar packing structures (vide infra). In the fol-
lowing we report a full diffractometric, calorimetric, and
spectroscopic investigation of the effect of hetero-molecular
seeding on polymorph selection and on the preparation of
mixed crystalline materials of various compositions by
changing the p-MeBA/p-CIBA ratio.

Results and Discussion

Crystal structures of para-methyl benzyl alcohol and para-
chloro benzyl alcohol and cross hetero-seeding: The crystal
structures of para-methyl benzyl alcohol (p-MeBA II) and
para-chloro benzyl alcohol (p-CIBA) are not isomorphous.
The structure of p-CIBA has been studied by Hashimo-
toP ¥ at different temperatures. The molecule crystallizes
in a monoclinic system with space group P2, and one inde-
pendent molecule (Z=1) in the asymmetric unit. The crystal
structure is characterized by chains of OH--O hydrogen
bonds extending along a 2, axis. These chains run parallel to
each other (see Figure1) with an O--O distance of
2.746(4) A at room temperature.

This phase is known to undergo a first-order phase transi-
tion at —37°C.PY The two phases adopt almost the same
structure and are isomorphic. However, they differ in the
orientation of the hydroxyl hydrogen atom with respect to
the benzene ring shifting from the cis to the trans position at
temperatures less than —37°C, and in the O--O distance,
which shows a small discontinuity (2.746(4) A at room tem-
perature, 2.741(3) A at —33°C; 2.752(2) A at —140°C) con-
sistent with the slight change in the nature of the OH--O
bond. No interactions are present between the chlorine
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Figure 1. Crystal packing of p-CIBA, view along the b axis (top) and the
¢ axis (bottom).

atoms, because the distance between them is higher than the
sum of the van der Waals radii.l*”

The p-MeBA II crystal also exhibits a phase transition to
another crystal form, which resembles that of p-CIBA al-
though they are not isomorphic.*¥ The p-MeBA II crystal is
monoclinic with space group P2, and three independent
molecules (Z=3), denoted as molecules A, B, and C, in the
asymmetric unit (see Figure 2).

AH

e 2% o8, Svi

Figure 2. The three asymmetric molecules in the cell of p-MeBA II.

The B molecule forms infinite OH---O hydrogen bonded
chains along the 2, axes with an O--O distance of
2.746(4) A at —30°C, while the A and C molecules form
other chains related by a pseudo 2, axis along the b axis,
with O--O distances of 2.724(4) and 2.749(5) A at —30°C
(see Figure 3).

As in p-CIBA, the p-MeBA 1II crystal shows a first-order
phase transition at —62°C due to the shift of the hydroxyl
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Figure 3. Crystal packing of p-MeBA II. View along the ¢ axis of the
chains formed by molecules A and C (top) and by molecule B (middle).
View along the ¢ axis (bottom).

hydrogen atoms from the cis to the trans position at low
temperature. The main difference between the structure of
p-CIBA and p-MeBA 11 is the position of the chains. Where-
as in p-CIBA they all have the same orientation with respect
to the b-axis, in p-MeBA II chain 1 and chain 2 have oppo-
site directions with respect to the b axis.

A comparison of the measured and calculated powder dif-
fraction patterns shows that the commercial products corre-
spond to the respective room-temperature phases, albeit
with severe problems of preferential orientation. The differ-
ential scanning calorimetry (DSC) heating traces of the
commercial products show that melting takes place at 70.4
and 59.3°C for p-CIBA and p-MeBA 11, respectively.

Non-exhaustive polymorph screening was performed on
the two compounds. p-CIBA and p-MeBA II were recrystal-
lized from water, ethanol, acetone, ethyl-lactate, dioxane,
hexane, toluene, nitromethane, THF, (S)-methylbutanol, gli-
cole, and dicholoromethane. In all cases the obtained phase
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was the same as the starting compounds. Similarly, crystalli-
zation from supersaturated solutions of the compounds in
hexane, quenching of the melt, and sublimation did not
yield any new phases.

Since the two compounds are similar, but not isomorphic,
we attempted to induce the crystallization of new phases by
hetero-seeding. A small quantity of powder of p-CIBA was
added to a supersaturated solution of p-MeBA in hexane
before nucleation of the latter occurred. Powder diffraction
patterns of the recovered precipitate showed significant dif-
ferences from the known phase. To minimize preferential
orientation effects, the diffraction patterns of the known
phase (p-MeBA II) and that of the alleged new phase (here-
after p-MeBA I) were collected on a capillary stage and
compared.

Figure 4 shows the comparison of the powder patterns of
the two polymorphs. The profiles are similar, but p-
MeBA 1II presents peaks at 260=6.2, 9.8, 12.0, 20.8, and 21.7°
that are missing in the profile of p-MeBA 1. Single-crystal
X-ray diffraction on p-MeBA I showed how the structure is
isomorphous with that of p-CIBA (see Table 2). The small
variations in the crystal packing account for the small differ-
ences in the calculated powder diffraction patterns of forms
I and II.

—— p-MBA | form single crystal at RT (d)
—— p-MBA | observed (c)
—— p-MBA |l cbserved (b)
—— p-MBA |l form single crystal at RT (a)

26/ deg

Figure 4. Comparison of the observed and calculated powder diffraction
patterns of p-MeBA II (bottom) and p-MeBA I (top).

DSC traces of the two phases show only the endothermic
peak of the melting at 58.0°C (AH=18.7 kImol™) for p-
MeBA I and at 59.3°C (AH=18.8 kimol™") for p-MeBA II.
A slurry experiment at room temperature (see the Experi-
mental section) shows that, within a week, p-MeBA I con-
verts into p-MeBA 11, which is then the thermodynamically
stable phase at room temperature. The new phase p-
MeBA 1 was obtained also by seeding a supersaturated
hexane solution with crystals of p-MeBA L.

DSC and slurry experiments suggest forms I and II consti-
tute a monotropic system, in which form II is the thermody-
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namically stable phase and form I is the metastable one. At-
tempts to obtain a new p-CIBA phase through the symmetri-
cal process, that is, by addition of a small quantity of
powder of p-MeBA Il to a supersaturated solution of p-
CIBA in hexane before nucleation, did not yield crystals iso-
morphous with p-MeBA II or any other new phase. All at-
tempts led to crystals of p-CIBA.

It is worth noting that p-MeBA I and II possess different
Z values, with the higher value for the thermodynamically
stable form (Z=3, compared with Z=1 of the metastable
form). Structures with Z>1 have been discussed recently in
the scientific community®~" and it is commonly accepted
that the thermodynamically stable form should present the
lower Z, although there is no experimental evidence® sup-
porting this prediction, which our system appears to contra-
dict.

Solid-state NMR characterization: Solid-state NMR
(SSNMR) spectroscopy has emerged as an important tech-
nique for the characterization of crystalline solids,***! of
pharmaceutical compounds,* and in the field of poly-
morphism.>*! Since conformational differences can result
in variations of internuclear distances and in the local elec-
tronic structure, SSNMR spectroscopy is an ideal and sensi-
tive probe for characterizing this type of behavior and can
provide information complementary to other structural anal-
ysis techniques, such as X-ray diffraction and calorimetric
methods.

The NMR data for compounds p-CIBA, p-MeBA Il as
well as for the new phase p-MeBA I obtained as described
above are summarized in Table 1, while *C CPMAS spectra

Table 1. ®C CPMAS NMR data [ppm] for the compounds p-CIBA, p-
MeBA II and p-MeBA 1.

p-CIBA p-MeBA 11 p-MeBA 1
aromatic Cq 139.7 138.4 138.2
137.5 br
aromatic CH 129.6 129.4 129.1
131.6 sh 130.8 sh
CH, 62.8 63.5 63.7
CH; - 20.6 20.6

are displayed in Figure 5. Since the crystal packing of the
three compounds shows almost the same features (similar
hydrogen-bond network and similar interatomic distances as
described above), relatively small differences are present in
the >C CPMAS spectra. However, the shifts of the aromatic
carbon signals (around ¢ =150-100 ppm; Figure 6) allow a
distinction between samples and phases. The spectrum of p-
CIBA is characterized by a peak at 6=129.6 ppm with a
shoulder at 6131.6 ppm for the CH carbon atoms, and by
two resonances at 0=139.7 and at 137.5 ppm for the C—
CH,0OH and C—Cl quaternary carbon atoms, respectively.
Since one molecule is present in the symmetric unit cell the
shoulder at 6=131.6 ppm arises from different local envi-
ronments of the four protonated aromatic carbon atoms.
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Figure 5. ®C CPMAS NMR spectra for A) p-CIBA, B) p-MeBA 11, and
C) p-MeBA L.
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Figure 6. Aromatic region of the C CPMAS NMR spectra for A) p-
CIBA, B) p-MeBA 11, and C) p-MeBA L
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Indeed, by careful inspection of the crystal structure, it is
possible to detect a C—H-m contact™! between a methylene
hydrogen and an aromatic carbon atom (C,;—Hg-C; distance
equal to 2.86 A with H distance normalized to 1.08 A),
whereas the other three aromatic CH moieties are not influ-
enced by any other weak interactions, thus justifying the
signal intensity ratio of about 1:3.

Conversely, the ®C spectrum of p-MeBA II shows only
two sharp peaks in the aromatic region at 0=129.4 and at
138.4 ppm, in agreement with negligible differences in the
crystal structure of the three independent molecules. The
high-frequency region of p-MeBA I is more similar to the p-
CIBA spectrum than the p-MeBA II one. Indeed, for p-
MeBA 1, the presence of a shoulder at 6 =130.8 ppm attrib-
uted to the CH groups confirms the achievement of phase I,
with a crystal packing and an asymmetry close to that of the
p-CIBA compound. This is in agreement with the X-ray
analysis, which shows a C—H--n interaction between the
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methylene hydrogen and the aromatic carbon atom (C—
H, ,Cq distance equal to 2.85 A with H distance normal-
ized to 1.08 A)

Solid mixture experiments: The availability of the new
phase p-MeBA I and its isomorphism with the crystal phase
p-CIBA prompted us to investigate the Me/Cl analogy. To
explore to what extent the isomorphism between p-CIBA
and p-MeBA I could be exploited, different molar mixtures
of p-CIBA/p-MeBA were prepared. Crystalline solids were
obtained by melting together p-CIBA and p-MeBA and
then quenching the mixture with ice or liquid nitrogen. This
procedure avoids the problems associated with the different
solubilities of p-CIBA and p-MeBA in most common sol-
vents. The two components, in the case of the quenching
with ice, form phase I (p-CIBA or p-MeBA 1) in all the dif-
ferent p-CIBA/p-MeBA ratios according to XRPD data.
The melting points reported in Figure 7 were measured by
DSC analysis.

704 m.p. p-CIBA
65
© .
2L 60
*,-:c m.p. p-MeBA
2 ,
a
E 554
D \
'_ n
50 N -
™ = L
45 T T T - T T T T 1
yioga =10 08 0.6 04 0.2 00
p-Mel
molar ratio X1

Figure 7. Melting points of solid solutions of p-CIBA and p-MeBA as
phase I.

Conversely, in the case of quenching with liquid nitrogen,
the mixture p-CIBA/p-MeBA behaves as a solid solution
only up to a 50:50 ratio; its structure corresponds to that of
phase I (p-CIBA or p-MeBA 1), as shown in Figure 8.

The diffractogram of the mixture p-CIBA/p-MeBA 50:50
was indexed by DASH ! with a monoclinic cell with param-
eters a=12.198, h=4.958, c=5.959 A, f=104.34° and V=
348 A3, consistent with the parameters of form I. The disor-
der due to the presence of methyl groups or chlorine atoms
leads principally to an increase of the § angle from around
102° in the mono-component phase to around 104° in the
solid solution.

Crystallization from solution of the mixture p-CIBA/p-
MeBA 40:60 seeded with p-CIBA crystals allowed the for-
mation of single crystals of the appropriate size for X-ray
diffraction. The crystal structure, determined both at room
temperature and low temperature (—123°C), is isomorphic
with that of p-CIBA, with cell parameters a=12.159(1), b=

1512
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p-MeBA | calculated (top)
—— p-MeBA | experimental
—— p-MeBA/p-CIBA 50:50
p-MeBA/Ip-CIBA 25:75
p-MeBA/p-CIBA 10:90
p-CIBA experimental
p-CIBA calculated (bottom)

Figure 8. X-ray powder patterns (from bottom) of p-CIBA calculated and
experimental, p-CIBA/p-MeBA in 10:90, 25:75, and 50:50 molar ratio
and p-MeBA I (top) experimental and calculated.

4.9749(7), ¢=59592(9) A, B=103.75 (1)° and V=
350.14(8) A% at room temperature. As expected on the basis
of powder indexation on the 50:50 mixture, the  angle is
close to 104°. It is worth noting that the hydroxyl hydrogen
atom is in cis position with respect to the benzene ring in
the crystal structure at room temperature, while it is in trans
position at —123°C (see Figure 9); therefore the mixed crys-
tal undergoes the same phase transition at low temperature
as observed for the pure crystals of p-CIBA and p-
MeBA ILF"#

Figure 9. The orientation of the —OH group with respect to the benzene
ring in the p-CIBA/p-MeBA 40:60 crystal at room temperature (top) and
at —123°C (bottom).

Chem. Eur. J. 2009, 15, 15081515
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When the percentage of p-MeBA becomes higher (75%
or 90%) the diffraction patterns are not consistent with
either p-MeBA 1 or p-MeBA Il phases, as shown in
Figure 10.

p-MBA/p-CBA 90:10 (c)

p-MBA/p-CBA 75:25 (b)
p-MBA | (a)
I
|
_. vl d
s
/\_/'A'L_ A8
r T T T T T T T 1
5 10 15 20 25 30 35 40

angle 26/ deg

Figure 10. X-ray powder patterns of form p-MeBA I and form p-MeBa Il
compared with X-ray powder patterns of p-CIBA/p-MeBA in 10:90 and
25:75 molar ratios.

Crystallization from solution of the mixture p-CIBA/p-
MeBA 10:90 allowed the formation of single crystals of ap-
propriate size for X-ray diffraction. The structure was
solved in a monoclinic system with space group P2,/c (see
Table 2 for details) with two independent molecules in the
asymmetric unit (Z=2). As in the other phases the hydroxyl
group is involved in hydrogen-bond interactions creating in-
finite chains, packed in an anti-parallel fashion (Figure 11).

Conclusion

With this paper we have provided further evidence that the
hetero-seeding method can be a successful route to obtain-
ing new crystal forms. In the case of p-MeBA II, the com-
mercial form of para-methylbenzyl alcohol, the traditional
polymorph screening does not seem to yield any alternative
crystal packing. A new crystal of p-MeBA (p-MeBA 1) iso-
morphic to the commercial p-CIBA has been obtained for
the first time by hetero-seeding of a supersaturated solution
with crystals of p-CIBA. The new form has been fully char-
acterized by X-ray single-crystal diffraction, calorimetry ex-
periments, and SSNMR spectroscopy. The different aromatic
CH environments displayed by the two phases are clearly
detected by *C CPMAS spectra. The two polymorphs can
be described as a monotropic system in which form II is the
thermodynamically stable form and form I is the metastable
form. Furthermore, the infinitive miscibility of the two iso-
morphous compounds p-MeBA I and p-CIBA has been ex-
ploited in the preparation of mixed crystals, whereby the

Chem. Eur. J. 2009, 15, 1508 -1515
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Figure 11. View of the crystal packing of the p-CIBA/p-MeBA 10:90
structure along the b axis (top) and view of the different orientation of

the chains along the ¢ axis (bottom). Only one image of disorder and no
Hcy atoms are shown for clarity.

Me group and the Cl atom are statistically disordered in the
crystal. The solid solutions quenched in liquid nitrogen with
a molar ratio p-CIBA/p-MeBA 10:90 and 25:75 produce a
new phase. In all the structures the hydrogen-bond pattern
is maintained and the difference arises in the packing of the
infinite chains. This difference involves mainly van der
Waals interactions and does not seem to affect the overall
architecture, resulting in quite similar powder patterns al-
though the cell parameters are clearly different and do not
interconvert.

Experimental Section

Solvent screening: p-CIBA (80 mg) was dissolved in different solvents
(2.5-3.5 mL; water, ethanol, isopropyl alcohol, acetone, ethyllactate, di-
oxane, hexane, toluene, nitromethane, THF, (S)-methylbuthanol, di-
chloromethane, THF/H,O, hexane/diethyl ether). The limpid solutions
were allowed to evaporate at RT. The crystals recovered were character-
ized by XRPD. In all cases the p-CIBA form was observed.

p-MeBA (100 mg) was dissolved in different solvents (2.5-3.5 mL; water,
ethanol, acetone, ethyllactate, dioxane, hexane, toluene, nitromethane,
(S)-methylbutanol). The limpid solutions were allowed to evaporate at
RT. The crystals recovered were characterized by XRPD. In all cases p-
MeBA form II was observed.

Supersaturation and evaluation of the metastable zone: p-CIBA (400 mg)
was added to hexane (3 mL) and the slurry was stirred at RT for 1h
without complete dissolution. Complete dissolution was obtained at
55°C. However, the solution was heated up to 70°C, and it was allowed
to cool slowly without stirring; the first visible crystals appeared at 42°C.
The crystals obtained were filtered and characterized as the known form
of p-CIBA. The metastable zone was considered between 49 and 53°C.

p-MeBA (500 mg) was added to hexane (3 mL) and the slurry was stirred
at RT for 1 h without complete dissolution. Complete dissolution was ob-
tained at 43°C. However, the solution was heated up to 60°C and was al-
lowed to cool slowly without stirring; the first visible crystals appeared at

www.chemeurj.org — 1513
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33°C. The crystals obtained were filtered and characterized as the known
form II of p-MeBA. The metastable zone was considered between 37 and
41°C.

Sublimation: p-CIBA (150 mg) was sublimed at 60°C under vacuum and
condensed on a cold finger at 0°C. The known form was recovered.

p-MeBA (150 mg) was sublimed at 45°C under vacuum and condensed
on a cold finger at 0°C. Form II was recovered.

Melting: p-CIBA (100 mg) was melted and allowed to cool slowly at RT
or quenched at 0°C or —196°C. In all cases the XRPD pattern corre-
sponded to the known form.

p-MeBA (100 mg) was melted and allowed to cool slowly at RT or
quenched at 0°C or —196°C. In all cases the XRPD pattern correspond-
ed to form II.

Hetero-seeding: p-CIBA (400 mg) was added to hexane (3 mL) and the
slurry was heated up to 70°C. The limpid solution obtained was allowed
to cool without stirring, and at 50°C crystalline powder (10 mg) and a
couple of crystals (1x1x0.3 mm) of p-MeBA II were added to the solu-
tion. These crystals rapidly dissolved without starting the crystallization.
The crystals finally obtained were characteristic of the known phase of p-
CIBA.

p-MeBA (500 mg) was added to hexane (3mL) and the slurry was
heated up to 60°C. The limpid solution obtained was allowed to cool
without stirring. At 38°C two single crystals of p-CIBA were added to the
solution, and immediate formation of crystals was observed, which were
characterized as form I of p-MeBA.

Homo-seeding: p-MeBA (500 mg) was added to hexane (3 mL) and the
slurry was heated up to 60°C. The limpid solution obtained was allowed
to cool without stirring. At 38°C p-MeBA I (10 mg) was added to the so-
lution, and immediate formation of crystals of p-MeBA was observed,
which were characterized as form I of p-MeBA.

Solid mixtures: p-MeBA II (61 mg, 0.5 mmol) was ground and added to
ground p-CIBA (71 mg, 0.5 mmol). The mixture was homogenized and
the XRPD shows the pattern of the two phases, and DSC shows the melt-
ing point of the eutectic at 51.4°C.

p-MeBA 1 (61 mg, 0.5 mmol) was ground and added to ground p-CIBA
(71 mg, 0.5 mmol). The mixture was homogenized; the XRPD shows the
pattern of the two phases, and DSC shows the melting point of the eutec-
tic at 51.1°C.

p-MeBA 11 (30.5 mg, 0.25 mmol) was ground and added to ground p-
CIBA (106.5 mg, 0.75 mmol). The mixture was homogenized and the
XRPD shows the pattern of the two phases, while the DSC shows the
melting point of the eutectic at 50.8°C followed by melting of p-CIBA at
62-65°C. In a second heating only one endothermic peak is observed

with its onset at 55.0°C, which is consistent with the presence of a solid
solution.

p-MeBA II (91.5 mg, 0.75 mmol) was ground and added to ground p-
CIBA (35.5 mg, 0.25 mmol). The mixture was homogenized; the XRPD
shows the pattern of the two phases, and the DSC shows the melting
point of the eutectic at 51.9°C.

Solid solutions: Solid solutions were obtained by melting together p-
CIBA and p-MeBA I in 10:90, 25:75, 50:50, 75:25, and 90:10 molar
ratios. The melts were quenched in ice or liquid nitrogen. In all cases
only one phase was obtained and was characterized by XRPD and DSC.
p-CIBA, phase I, m.p. 70.4°C; p-CIBA/p-MeBA 90:10, phase I, m.p.
63.6°C; p-CIBA/p-MeBA 75:25, phase I, m.p. 52.9°C; p-CIBA/p-MeBA
50:50, phase I, m.p. 51.6°C; p-CIBA/p-MeBA 25:75, phase new, m.p.
54.8°C; p-CIBA/p-MeBA 10:90, phase new, m.p. 52.9°C; p-MeBA, pha-
se II, m.p. 58.0°C.

A mixture of p-CIBA/p-MeBA (500 mg) in the molar ratio 40:60 were
added to hexane (3mL) and the slurry was heated up to 70°C. The
limpid solution obtained was allowed to cool without stirring, and at
50°C a few crystals of p-CIBA were added to the solution. Immediate for-
mation of crystals followed, which were characterized as p-CIBA/p-
MeBA 40:60 form I.

DSC measurements: Calorimetric measurements were performed by
using a Perkin—-Elmer Diamond equipped with a model ULSP90 intra-
cooler. Temperature and enthalpy calibrations were performed by using
high purity standards (n-decane, benzene and indium). The samples (3-
5mg) were placed in aluminum open pans. Heating was carried out at
5°Cmin ! in the temperature range from 25 to 100°C.

SSNMR: Solid-state NMR measurements were run on a Bruker
AVANCE II 400 instrument operating at 400.23 and 100.65 MHz for 'H
and "C, respectively. All spectra were recorded at room temperature at
the spinning speed of 12 kHz. Cylindrical 4 mm o.d. zirconia rotors with
sample volume of 120 mL were employed. A ramp cross-polarization
pulse sequence was used with a contact time of 3 ms (**C), a 'H 90° pulse
of 3.35 ms, recycle delays of 5-15s, and 600-2000 transients. A two pulse
phase-modulation (TPPM) decoupling Scheme was used with a frequency
field of 75 kHz.

X-ray powder diffraction: X-ray powder diffraction patterns were collect-
ed on a Panalytical X’Pert PRO automated diffractometer with Cug, ra-
diation and an X’Celerator detector without a monochromator. When re-
quired, powder data were collected with a spinner capillary stage to de-
crease the preferential orientation effect. The program PowderCelll*”)
was used for calculation of X-ray powder patterns.

Crystal structure determination: Crystal data for p-CIBA/p-MeBA 10:90
were collected on a Nonius CAD4 diffractometer; crystal data for p-

Table 2. Crystal data and details of measurements for p-MeBA I and p-CIBA/p-MeBA 10:90.

p-MeBA 1 p-CIBA/p-MeBA 40:60 p-CIBA/p-MeBA 40:60 p-CIBA/p-MeBA 10:90
formula CeH,00, C7.60Hs.50Clo.40O4 C7.60Hs.50Clo.40O4 C7.90H0.70Cl.1004
M, 122.16 130.33 130.33 124.20
system monoclinic monoclinic monoclinic monoclinic
space group P2, P2, P2, P2,/c
T [K] 298 298 150 298
a[A] 12.112(1) 12.159(1) 12.1927(11) 14.686(3)

b [A] 4.9803(5) 4.9749(7) 4.8676(3) 4.957(2)
c[A] 6.0018(6) 5.9592(9) 5.8625(5) 19.231(4)
A I°] 102.691(1) 103.75 (1) 103.804(9) 91.67(2)
vV [AY 353.19(6) 350.14(8) 337.89(5) 1399.4(7)
Z 2 2 2 8
u(Moy,) [mm™] 0.074 0.227 0.235 0.113
measured reflns 2801 1970 1367 2536
unique reflns 1451 1273 1110 2452
refined parameters 76 97 96 149
GOF on F? 1.088 1.107 1.054 0.924

R1 [on F, I>20(1)] 0.0630 0.0447 0.0407 0.0633
wR2 (on F, all data) 0.1894 0.1195 0.1021 0.3015

1514 ——

www.chemeurj.org

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Chem. Eur. J. 2009, 15, 15081515


www.chemeurj.org

New Crystalline Forms

MeBA I were collected on a Bruker Smart Apex II CCD; crystal data
for p-CIBA/p-MeBA 40:60 at RT and —123°C were collected on an
Oxford Xcalibur S equipped with a liquid nitrogen Oxford-Cryostream
device. Crystal data and details of measurements are summarized in
Table 2. Common to all compounds: Mog, radiation, 1=0.71073 A,
monochromator graphite. SHELX97*¥ was used for structure solution
and refinement based on F. Non-hydrogen atoms were refined aniso-
tropically. Hydrogen atoms bound to carbon atoms were added in calcu-
lated positions. In the crystal structure of p-CIBA/p-MeBA 10:90 methyl
and chlorine groups were disordered and the occupancies were refined as
Cl:Me 10:90. In the crystal structure p-CIBA/p-MeBA 40:60 methyl and
chlorine groups were disordered and the occupancies were refined as
Cl:Me 40:60. SCHAKAL™! was used for the graphical representation of
the results. The program PLATONP" was used to calculate the hydrogen
bonding interactions. CCDC-677231, -677232, and -692381, and -692382
contain the supplementary crystallographic data for this paper. These
data can be obtained free of charge from The Cambridge Crystallograph-
ic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
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