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The synthesis of a series of banana-shaped mesogenic structures has been carried out, in which the
bend unit is formed by the 3,6-substitution of carbazole by 4-alkoxyphenyl moieties. The crystal
structures of the methoxy and propyloxy derivatives are reported with an analysis of the N-H..-n
interactions that are observed in the crystalline state. This analysis was aided by semi-empirical
molecular orbital calculations. Additionally, the thermal analysis of the complete series has been car-
ried out in order to investigate the phase properties of these materials. The 4-nonyloxyphenyl deriva-
tive displays two melting points by DSC and normal light microscopy, but yields non-birefringent
liquids. The incorporation of photorefractive molecular units, such as carbazole, into anisotropic
materials may offer many advantages over conventional electrical poling of photorefractive poly-
mers.

Kevwords: Banana; carbazole; N-H---n hydrogen bonding; liquid crystals

INTRODUCTION

Due to their extensive biological activity carbazole derivatives and their chemis-
try have been studied at length.[l] However, it is only recently that they have
been studied in terms of their material propenies[l‘zl and in particular their pho-
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torefractive propenies.[3 1 The interest in photorefractive materials! lies in their
numerous potential technological applications,m such as high density optical
data storage, optical image processing, phase conjugated mirrors, dynamic
holography, optical computing, parallel optical logic, and pattern recognition.
Thus, recent studies on carbazole materials have been concerned with electrolu-
minescence. ] nonlinear optics,m and photoconductivity.[gj Amorphous organic
photorefractive materials!®! have many advantages over crystalline inorganic[3J
and latterly crystalline organic[m] photorefactive materials on which the early
research was carried out. These advantages include large optical nonlinearities,
low diclectric constants, low cost, structural flexibilty, and ease of fabrication.
However, the major drawback of the amorphous organic photorefractive materi-
als is that a low Tgis required in order that the material can be aligned by a dc
electric field to induce a degree of anisotropic ordering.!'') The chemical modifi-
cation of the carbazole moiety to induce liquid crystallinity is attractive in order
to combine the advantages of the amorphous materials with anisotropic ordering.
However, to date there are only a few examples in which the carbazole moiety
has been incorporated into thermotropic low molecular weight calamitic and pol-
ymeric liquid[IZJ crystalline materials and into a lyotropic phase[m but no exam-
ples of discotic,'*! chiral['5] or bananal!®! liquid crystals containing the
carbazole moiety which may display, in the case of the latter two, the important
ferroclectric switching mcsophase.[17] Thus. we have recently reported the first
low molecular weight thermotropic hexagonal columnar discotic liquid crystals
which incorporate the carbazole moiety.“g] Here we report a programme of
rescarch which aims to create novel carbazole based liquid crystals which
exploits the molecular structure of the carbazole to afford banana-shaped mes-
ogenic materials. In particular, we highlight (i) our molecular design require-
ments, (ii) the synthesis of our first generation of banana-shaped mesogenic
structures, (iii) the crystal structure of two of our banana-shaped carbazole com-
pounds, (iv) a simple computational analysis of the hydrogen bonding interac-
tions observed in two of the compounds in the crystalline state, and (v) the phase
behaviour of the materials as a function of temperature.

RESULTS AND DISCUSSION

Design

The target structure that was designed is shown in Figure 1, where the 3 and 6
positions of the carbazole moiety have been chemically modified by the substitu-
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FIGURE 1 Target carbazole bent molecular structures la-f and the crystal structure of 1a, highlight-
ing the pseudo C»>v symmetry

tion of the hydrogen atoms with 4-alkoxyphenyl moieties, resulting in structures
1a-f. This generic structure appears to fulfil the criteria of a bent molecular struc-
ture with C,v symmetry as well as incorporating mesogenic alkyloxybiphenyl
moieties (highlighted in bold bonds). However, the banana-shaped molecular
structures which have been reported to date which display mesophases, gener-
ally, have a central 1,3-disubstituted benzene central unit affording the bend!!?]
and twol?®! or threel?!) para substituted phenyl units linked directly or via
esterl??! or imine[**} linkages to the central unit. Thus, the literature structures
have 5-7 independent phenyl ring structures. In our design we have 5 rings but
three of these are fused in the carbazole moiety, and the central ring is a heteroar-
omatic ring. However, recently banana shaped molecules which display mes-
ophases have been reported which contain fused ring systems (2,7 naphthalene
moietym]), as well as heteroaromatic systems (2,5-thiophene[24] and 2,6-pyrid-
ine!?!)) as the bend unit. But it should be noted that of the banana-shaped mes-
ogens which display mesophase, very few display the ferroelectric B,
mesophase.[25]

Synthesis

The chemistry of carbazole allies it very well to being the “bent” component in
banana structures because the pyrrolic nitrogen atom directs electrophilic aro-
matic substitution to the 3 and 6 positions, affording the bent architecture. Thus,
our synthesis relies upon the electrophilic aromatic substitution of the 3 and 6
carbazole hydrogen atoms with bromine atoms to afford the 3,6-dibromocarba-
zole derivative 2. The dibromo derivative is subsequently reacted with a homolo-
gous series of 4-alkoxyphenyl boronic acids 3a-f to afford the target compounds
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la-f. The boronic acid derivatives are formed from an initial alkylation of
4-bromophenol with appropriate alkyl halides to afford 4a-f, which are subse-
quently reacted with butyllithium and trimethyl borate and quenched with aque-
ous HC! to afford the desired boronic acids 3a-f.

CH,Cly/Dark

69%

3a-{ Target Compounds

(Figure 1a)
R B(OH), R Yield/%
la CHZ0 60

1b n-C:;H-,O 50

Phg)+/Na,COy/DME le  n-CsHiO 50
Pd(PPhs)4/Na,CO4/ 1d  n-C/HisO 28
le n-CgH1go 40
1f n‘C11H230 53

Alkylhalide 4a-f
K,COs BuLi/THF
HO@——Br AlkylO Br 3a-f
MeCN 71-82% B(OMe)s 22-57%

SCHEME Synthesis of the carbazole derivatives la-f

Crystal Structures

In the crystal structure of la, the 3,6 substitution on the carbazole moiety results
in an exocyclic bond angle of 93.3° (Figure 1b). The two phenyl rings are twisted
out of the plane of the carbazole moiety by +39.7° and —40.2° resulting in pseudo
C5v molecular symmetry. The CH3-O-C,, atoms are coplanar to the carbon
atoms of the phenyl rings they are bonded to. In the crystal (Figure 2a(i)).
N-H--7 interactionst?¢] are observed between neighbouring molecules, utilising
the pyrolle moiety of the carbazole unit as the n-base. This results in hydrogen
bonded chains along the b axis, in which 1a is both a H-bond donor and a
H-bond acceptor (n-base), leading to a herringbone type packing arrangement.
The distance between the proton and the middle of the pyrrole ring is 2.87 A.
Parallel chains are stacked along the a axis to form sheets in the ab plane
(Figure 2a(ii)).
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FIGURE 2 Ball and stick representation of the packing of molecules in the crystalline state of 1a (a(i)
and a(ii)) and carbazole (b(i) and b(ii)). the electronic distribution structure of 1a (a-11i) and carbazole
(b-iii) (darker shade represents increasing electron density ). Note the common sheet like-herringbone
packing of both structures, but contrast the arn#i and syn ordering of adjacent molecules as viewed
from the top to the bottom of the page in both structures, respectively. However, the crystal of 1a is
still a centrosymmetric structure by virtue of the anti packing of adjacent sheets of molecules

The NH---m chains are antiparrallel in neighbouring sheets leading to an overall
centrosymmetric crystal packing. The methoxy oxygen atoms are not involved in
NH---O hydrogen bonding.

The structure of 1a displays similarities with that of carbazolel?”} which also

has chains of molecules linked by NH---n interactions (Figure 2b(i)). The chains
are stacked to form antiparallel sheets comparable to those in 1a (Figure 2b(ii)),
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(b)

FIGURE 3 Ball and stick representation of the packing of molecules in the crystalline state of 1b
illustrating (a) the chains of molecules linked by hydrogen bonds and (b} the offset nature of the car-
bazole moeities. relative to structure la and carbazole. resulting in channels incorporating solvent
molecules

again leading to a herringbone structure packing motif. However, in carbazole,
the NH---rt distances in the chains are longer (3.04 A), an aspect which we inves-
tigate by computational methods below. Another difference is the nearly anri
alignment of neighbouring molecules in carbazole compared to the syn arrange-
ment in 1a. Neither structure displays n- 7 interactions.

The structure of 1b was also determined. This revealed that the two phenyl
rings in the molecule arc twisted also out of the plane of the carbazole fragment
by +30.2° and -30.7° (10° less than in 1a). NH---n interactions are also observed
in 1b but the N-H bond is directed towards one of the non-heterocyclic rings of
the carbazole moiety and not the pyrrole moiety as in 1a (Figure 3a). This NH---x
interaction is not as dominating as evidenced by the longer bond length of 3.07A.
Again, as with 1a and carbazole the NH--- interaction leads to hydrogen bonded
chains along the a axis. We assume the NH--7 interaction is directed to the
non-heterocyclic m-unit of the carbazole as a result of structural packing arrange-
ments dominating over the electrostatics, because the electrostatic potential of
both heterocyclic and non-heterocyclic n-units in the carbazole moiety of la
(and 1b) are very similar (see computational methods). The chains of molecules
are stacked in an antiparallel manner with slight offsets in order to accommodate
the bulkier propyloxy groups, but again the herringbone type packing arrange-
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ment is maintained. This offset creates channels which are occupied by disor-
dered solvent molecules (Figure 3b). Both propyloxy groups in the molecule are
also disordered, an aspect which we desire in order to attain the balance between
order/disorder in our materials to induce mesophases.

Computational Chemistry

In order to try and understand the differences and similarities in the two crystal
structures of la and carbazole we have utilised computational chemistry to
model the electrostatics of single molecules of 1a and carbazole (Figure 2a(iii)
and 2b(iii), respectively). The semi-empirical molecular orbital calculations
readily reproduce the 40° twist of the phenyl rings observed in the crystal struc-
ture (Figure 2a(iii)) and reveal that the nett out-of-n-plane ;..o dipole is a
combination of an in n-plane_ 4,.,01e dipole and an orthogonal out-of n-plane,,,.
bazole dipole (resulting from out of m-plane_,p,,01e O-Me units). Semi-empirical
molecular orbital theory calculations reveal that 1a has a larger nett dipole than
carbazole, the values being 2.878 and 1.206 D, respectively. Considering the
electrostatic potential of isolated molecules, both 1a and carbazole have similar
electrostatic potentials over the bonded N-H atoms (carbazole N =-0.5414,
H = +0.4066; 1a N = -0.5374 H = +0.4051). However, the electrostatic potential
of the pyrrole component of the carbazole moiety is a factor of 4 more negative
in 1a than in carbazole (Figure 2a(iii} and 2b(iii)). The non-heterocyclic n-unit in
the carbazole moiety of 1a has a comparable electrostatic potential to the pyrrolic
moiety. Furthermore, the calculated proton affinity for 1a is 334 kJ mol !, whilst
for carbazole it is 341 kJ mol™!. Thus, we conclude that the hydrogen bond
length in 1a is shorter than in carbazole as a consequence of at least two factors;
(i) the pyrrole moiety in 1a is a stronger n-base, and (ii) the proton in 1a is more
acidic.

Phase Behaviour

The DSC traces of la-e are illustrated in Figure 4. It is clear and expected that for
1a and 1b there is a clear isotropic melting transition from the crystalline state at
214.6°C and 175.7°C, respectively. For 1c¢ the DSC is rather more complicated
but we have interpreted this as some polymorphic transitions followed by iso-
tropic melting at 129.5°C, but clearly there is no evidence of any mesophase. The
DSC analysis of 1d shows an exotherm at 123.0°C and isotropic melting at
124.6°C. However, the DSC analysis of 1e hints that this may be a mesophase
forming material, where a large endotherm is observed at 117.1°C and a smaller
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one at 127.2°C, suggesting melting to an anisotropic liquid and subsequent
isotropisation. However, observation of 1e between crossed polarisers as the
sample was both heated to isotropisation and cooled to the crystalline state did
not reveal any birefringent liquid. Normal optical light microscopy revealed that
the material did appear to have two melting points; firstly from the solid to a
clear viscous oil and then to a non-viscous liquid. It should be noted that elemen-
tal analysis and HPLC analysis of this compound indicates that the material is
pure(>99.9%). Thus, at this stage we are not clear as to the exact liquid phases of
this material. The DSC analysis of 1f shows two very close endotherms of com-
parable magnitude at 74.5°C and 77.7°C, respectively. It should be noted that all
materials (1a-f) when observed under the optical polarising microscope revealed
melting from solid to nonbirefrigent fluid phases (assumed to be isotropic lig-
uids) at the temperatures that would have been expected from the DSC analysis.
Additionally, no monotropic phases were observed on cooling, and no attempts
at homeotropically aligning the samples were made to induce mesophases.

CONCLUSIONS

We have devised a strategy for the synthesis of carbazole containing
banana-shaped mesogens by appealing to the double electrophilic aromatic sub-
stitution of the carbazole moiety at the 3 and 6 positions, to afford a carbazole
unit which will act as a bend unit in banana-shaped mesogens. The crystal struc-
ture of the first in the series of compounds (1a) has established the structure has a
significant bend (as does 1b). The thermal analysis of these compounds reveals,
that 1a-d do not display any mesophase behaviour, but the DSC trace of le
reveal that this might be a mesophase forming material. However, optical polar-
ised microscopy does not reveal any birefringent liquid. It is of no great surprise
that this first generation of banana-shaped carbazole compounds have not
afforded a mesophase given what is known currently about the structural units
which are allowed in banana-mesogen chemistry. However, our chemical
approach will allow various functionalities to be introduced at the 3,6-positions
such that other mesogenic linking groups are now being incorporated in our lab-
oratories, including esters and Schiff bases. Additionally, it is our intention to (i)
N-methylate this series of compounds (la-f) in order to remove the N-H---nt
hydrogen bond, which may prevent a mesophase from forming by effectively
stopping formanistropic alignment of the molecules in the liquid phase, as well
as (i1) N-alkylate in order to attempt to induce discotic mesophases.

As has already been noted®! the stage of development of banana-shaped lig-
uid crystals is reminiscent of the early stages of development of calamitic and
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discotic liquid crystals, such that slight changes in chemical structure have pro-
nounced effects on whether a material exhibits a mesophase or not. and indeed
what type of mesophase is adopted. Thus, the message is clear, research in this
area of liquid crystals will be both challenging and rewarding.

EXPERIMENTAL SECTION

General

Commercially available chemicals were purchased trom Aldrich and used as
such without any further purification. Column chromatographic separations were
performed on silica gel 60 (Merck 9385, 230-400 mesh and ICN 32-63 Mesh).
Thin-layer chromatography (TLC) was carried out on aluminium sheets coated
with silica gel 60 Fasy (Merck 5554). '"H-NMR spectra were recorded on a
Bruker AC300 (300 MHz) spectrometer. Bc.NMR spectra were recorded on a
Bruker AC300 (75 MHz) spectrometer using the PENDANT pulse sequence. All
chemical shifts are quoted in & (ppm) to high frequency from Me,Si, using deu-
terated acetone (acetone-dg) or chloroform (CDCly) as the lock and the residual
solvent as the internal standard. The coupling constants J are expressed in hertz
(Hz) with multiplicities abbreviated as follows: s =singlet, d = doublet,
t = triplet, m = multiplet, & = broad multiplet. Electron Impact Mass Spectrome-
try (EIMS) was performed on a VG ProSpec instrument, and Liquid Secondary
Ion Mass Spectrometry (LSIMS) was performed on a VG ZabSpec instrument
equipped with a cesium ion source. Optical polarising microscopy (OPM) exper-
iments were carried out using an Olympus BX40 optical microscope with
crossed polarisers equipped with a Linkam LT350 hot stage. Differential Scan-
ning Calorimetry (DSC) results were recorded on a Perkin-Elmer 7 Series ther-
mal analysis system. All samples were heated and cooled in a double cycle, at the
rate of 10.00 °C/min.

The crystals used were grown by the vapour diffusion of hexane into a solution
of 1a and 1b in EtOAc, respectively. Diffraction data were recorded on a Rigaku
R-Axis Ilc diffractometer equipped with an image plate detector system and a
rotating anode source. Image plate scans were recorded covering 180° of crytal
rotation in 4° frames about one axis with crystal-detector distance of 100 mm
and exposure time of 50-60 minutes per frame. The crystal structure of 1a is
monoclinic, C2/¢, with cell parameters a = 21.024(6), 6.0356(14). c = 31.529(8),
B = 101.976(3). The crystal structure of 1b is monoclinic P2,/c with cell parame-
ters a = 18.533(6), b = 5.4489(14), ¢ = 27.768(7), §§ = 99.140(4). The structures
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were solved by direct methods!?®! and refined using SHELX software.’% Coor-
dinates and anisotropic displacement parameters were refined for non-hydrogen
atoms. All hydrogen atoms were placed in calculated positions, and the C-H
bonds were normalised to 1.09A for calculations. Final R =6.62% and
wR, = 15.79% were obtained for 1a and final R| = 14.50% and wR, = 34.2%
were obtained for 1b. Crystallographic data (excluding structure factors) for
compounds 1a and 1b have been deposited with the Cambridge Crystallographic
Data Centre as supplementary publication numbers CCDC 148665 and CCDC
150187, respectively. Copies of the data can be obtained free of charge on appli-
cation to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: + 44 1223
336033 or email: deposit@ccdc.cam.ac.uk).

All calculations have been carried out using the MopacB3l program and
AM132] hamiltonian. Optimised geometries have been characterised by fre-
quency calculations and all geometries verified as true minimum energy confor-
mations. Atomic charges were determined from the computed wavefunction
using the ESP optiont>3] of Besler, Merz and Kollman and displayed using the
program Grasp.[34]

3,6-Dibromocarbazole 2351

Carbazole (1.7 g, 10 mmol) was dissolved in a stirred slurry of silica gel (40 g) in
anhydrous CH,Cl, (200 mL). A solution of NBS (3.6 g, 20 mmol) in anhydrous
CH,Cl, (300 mL) was added dropwise. The reaction mixture was left stirring at
room temperature, under a N, atmosphere and in the absence of light for 6 hours.
The slurry was filtered and the silica washed with CH,Cl, (3 x 50 mL). The
combined extracts were washed with H,O (100 mL) and brine (100 mL), dried
(MgSO,), filtered and the filtrate concentrated in vacuo. The crude product was
repeatedly recrystallised from acetone and hexane to yield a blue-green crystal-
line solid 2.1 g (66%) of 2. mp 206-208 °C (1it*3lmp 206-208 °C). 'H-NMR
(acetone-dg): 8y 7.51 (d, J=8.5, 2H), 7.55 (dd, J = 8.5 and J = 1.75, 2H), 8.37
(d, J=1.75, 2H), 10.71 (bs, 1H, NH); '*C-NMR (acetone-dg): 8¢ 112.35,
113.76, 123.97, 124,70, 129.72, 139.95; m/z (EIMS): 325 [M]", 244 and 246
[M-Br]*, 165 [M-2Br]*.

3,6-Di-(para-methoxyphenyl)carbazole 1a

A solution of 2 (0.325 g, 1.0 mmol) and 3a (0.365 g, 2.4 mmol) were dissolved
in DME (20 mL) and stirred. Tetrakis(triphenylphosphine)palladium(0) (0.462 g,
0.4 mmol) was added to the mixture. An aqueous solution (20 mL) of sodium
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hydrogen carbonate (2.5 g, 22.8 mmol) was added and the mixture was carefully
deoxygenated by the freezing technique. The reaction mixture was heated to 80—
85 °C under a N, atmosphere for 3 hours. The cooled mixture was poured into
H>O (100 mL) and the product extracted into Et;O (2 x 100 mL). The combined
organic layers were washed with brine (100 mL), dried (MgSO,), filtered and the
filtrate concentrated in vacuo. The crude product was purified by silica gel col-
umn chromatography (increasing the polarity of the eluent from 0 to 7.5%
EtOAc in hexane). The chromatographic product was recrystallised from EtOAc
and hexane to give a white amorphous solid 0.23 g (60%) of 1a. Found C, §2.31;
H. 5.41; N, 3.61. C,6H,NO, expected C, 82.30: H, 5.58; N, 3.69: mp 214.6 °C:
'H NMR (acetone-dg): 8y 3.8 (s, 6H), 7.05 (m, 4H), 7.57 (d, J = 8.1, 2H), 7.66-
7.72 (m. 6H), 8.48 (s, 2H), 10.40 (bs, 1H); °C NMR (acetone-dg): 8¢ 55.48.
111.98. 114.95, 118.86, 124.69, 125.53, 128.67, 132.75. 135.32, 140.54, 159.57:
nv/z (EIMS): 379 [MT*, 364 [M-CH;]*, 349 [M-2CH;1*.

3,6-Di-(para-alkoxyphenyl)carbazole 1b-1f

The same procedure for the synthesis of 1a was followed for 1b-1f. Table I lists
the amount of reagents used. Analytical data for the series are listed in Table I1.

TABLE I Quantities of reagents used to synthesise compounds 1b-1f

Target 2 Boronic acid Pd(PPh;) Na,CO; DME  H>O Yield

b 0.406 g, 3b 0.540 g, 0.685 g, 30¢, 25ml 20mL 0272 g
1.25 mmol 3.0 mmol 0.6 mmol  28.7 mmol 50 %

1c 0.146 g, 3¢:0.197 g, 0.104 g. 0540g, 20mL 20mL 0.110g,
0.45 mmol 0.95 mmotl 0.09 mmol 5.1 mmol 50 %

1d 0.208 g. 3d: 0350 g, 0.400 g. 1.5g. 20mL 20mL 0.096 g.
0.6 mmol 1.5 mmot 0.35 mmol  14.3 mmol 28 %

le 0.266 g. 3e:0.480 g, 0.378 g. 2.0g. 20mL 20ml  0.200 g.
0.82 mmol 1.8 mmol 0.3 mmol 18.8 mmol 40 %

1f 0.271 ¢. 3f:0.584 g, 0.381 g. 20¢. 25mL 20mL  0.291 g,
0.8 mmol 2 mmol 0.3 mmol 18.8 mmol 53 %

para-Methoxybromobenzene 43036

A solation of bromophenol (17.3 g, 0.1 mol) in MeCN (200 mL) was added to
K,CO5 (138.0 g, 1.0 mol). The resultant slurry was stirred and heated under
reflux for 0.5 hours under an N, atmosphere. A solution of Mel (14.2 g, 0.1 mol)
in MeCN (50 mL) was added, dropwise over a few minutes to the slurry, main-
taining reflux and stirring overnight. The reaction was cooled to room tempera-
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ture and the inorganic residues were filtered off, and the filtrate concentrated in
vacuo. The resulting oil was dissolved in Et,O (20 mL) and washed with aque-
ous NaOH (2 M, 2 x 25 mL), and with H,O (50 mL). The organic layer was sep-
arated, dried (MgSO,), filtered and the filtrate concentrated in vacuo to yield
13.4 g (72 %) of a light yellow oil 4a. 'H NMR (CDClL): 8y 3.72 (s, 3H), 6.72
(d, J = 8.8, 2H), 7.31 (d. J = 8.8, 2H); ’C NMR (CDCly): {5 5543, 112.77,
115.73, 132.23, 158.69; m/z (EIMS); 186 and 188 [M]*. ‘

para-Alkoxybromobenzene 4b-4f

The same procedure was followed as for the synthesis of 4a for 4b-f. Identical
quantities of reagents were used, affording 4b (16.6 g, 77%), 4¢ (19.8 g, 82%),
4d (20.7 g, 76%), 4e (23.7 g, 79%), 4e (23.3 g, 71%). Analytical data for 4b-4f is
shown in Table III.

para-Methoxyphenylboronic acid 3al®”]

A solution of da (7.2 g, 38.7 mmol) in anhydrous THF (120 mL) was stirred and
cooled to —78 °C (dry ice/acetone). BuLi (25.2 mL, 1.6 M solution in hexane,
40.5 mmol) was added under a N, atmosphere via a syringe through a septum.
The reaction was left at —78 °C for 45 min. Trimethyl borate (4.6 mL, 40.5
mmol) was added to the mixture, via a syringe through a septum, maintaining the
temperature at —78 °C for 1 h. The mixture was kept at room temperature over-
night. The reaction was quenched with aqueous HC1 (25 mL, 10 %) and stirred
for a further 1 h. The aqueous layer was extracted with EtOAc (2 x 50 mL) and
the combined organic layers were dried (MgSQy), filtered, and the filtrate was
concentrated in vacuo. The crude solid was purified by recrystallisation from
H,O0 to yield a white solid 3.3 g (57%) of 3a as a mixture of the acid and anhy-
dride. mp 204-206 °C. '"H NMR (CDCly): acid 6y 3.84 (s, 3H), 4.59 (bs, 2H),
6.93 (d, J = 8.6, 2H), 7.68 (d, J = 8.6, 2H); anhydride: &y 3.89 (s, 9 H), 7.01 (4,
J=8.6, 6 H), 8.16 (d J=8.6, 6 H); >)C NMR (CDCl3): 5¢ 55.18, 113.52,
137.53, 163.18 (quaternary carbon atom resonance attached to boron atom was
not observed. Anhydride '3C NMR spectra is coincident with the acid spectra);
acid m/z (EIMS) 152 [M1*; anhydride: m/z (EIMS): 402 [M]*.

para-Alkoxyphenylboronic acid 3b-3f

The same procedure was followed as for the synthesis of 3a for the homologous
compounds 3b-f, with identical quantities of reagents. The only difference was
for compounds 3c-3f where a mixture of EtOAc/hexane was used as solvent for
the recrystallisation. Analytical data for 3b-f are listed in Table IV and for the
anhydrides in Table V.
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