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Abstract: Scheme 1. Possible intermediates in the Hanzsch reaction
(S)-3-(5-Oxo0-2-(trifluoromethyl)-1,4,5,6,7,8-hexahydroquino- to form 1,4-DHPs

lin-4-yl)benzonitrile is a potassium-channel opener developed RO,C A COR

for the treatment of urinary urge incontinence. The key step l N i + N

. .. . . . M [¢] 0~ Me
in the synthesis is an unsymmetrical Hantzsch reaction to give S, H 0

2 3
a 2-hydroxy-1,2,3,4-tetrahydropyridine. In our study the order
of addition of reagents was found to be critical in the optimi- anoevenagel H Condensation
sation of the yield and the control of impurity levels in this
reaction. The yield and the relative charges of the reagents were Ar v
o ) ) . CO,R RO,C COR
further optimised by the use of factorial experimental design. ROsz + JI : ]
The chemistry has been scaled up to plant scale to produce HN" Me Michael Me OH py Me
multikilogram amounts of the Hantzsch product in close to 60% Me 4 ° 5
yield. CO,R o H
; Tautomerisation
0~ Me H
Ar

Introduction Rozc:(ArjicoZR RO,C CO,R

The first synthesis of a 1,4-dihydropyridine (1,4-DHP) l
was reported by Arthur Hantzsch in 1882nd is still the Me Y 07 Me Me™ 5 NHZME
most common method for the preparation of these com- 6 \ /
pounds. The classic Hantzsch reaction involves the combina- NH Ar géﬂﬁgggn
tion of 1 equivalent of an aromatic aldehyde, 2 equivalents ° ROC CO,R
of a3-keto-ester and 1 equivalent of ammonia in an alcoholic [ ]
solvent at reflux to give the 1,4-DHP, commonly known as Me™ N Me

a Hantzsch Ested] (Scheme 15.The reaction can formally

be thought of as proceeding in several discrete steps (Schemgitferents-keto-esters and combined to give unsymmetrical
1); Knoevenagel condensation of the aldehy2)ewith one Hantzsch esters (£).

molecule of thef-keto-ester (3) to give the Knoevenagel Compounds containing the 1,4-DHP motif have proved
product (4), condensation of the other equivalent of the {4 e successful therapeutic agents against cardiovascular
pB-keto-ester (3) with ammonia to give an enami®), ( (argetst For example, nifedipine?)), a first-generation drug
Michael reaction of the enamines)( and Knoevenagel o the treatment of hypertension, has symmetrical substitu-
product (4), followed by cyclisation and then dehydration (o on jts DHP ring and is achiral. Later generations of 1,4-
(Scheme 1). Evidence for the mechanism is largely basedppp compounds contain unsymmetrical substitution and are
on the fact that the Knoevenagel produety enaminesy), therefore chiral at the C4-position (Figure 1). All of these
and 1,5-d|ket_ones (6) are all effective starting materials for drugs are closely structurally related, varying only in the
the preparation of 1,4-DHPs.The exact sequence of g psiitution on the aromatic ring and the C-3 ester groups
intermediates is difficult to determine since many of the (and all except amlodipine have ¥ Me®). The Hantzsch
“stages” are, in fact, equilibria. In the last century or so @ yeaction offers an efficient route to symmetrical 1,4-DHP
large vanety of supstrate.s.has .been shown_ tol SucceSSfu”ycompounds, since all the carbon atoms in the product can
undergo this reaction, giving rise to substitution at each pe a5sembled in one step from relatively simple starting
position on the dihydropyridine ringthe enamine) and  aterials. A survey of the literature has shown that a
Knoevenagel products3] can also be assembled using pantzsch reaction is also often used to construct unsym-
metrical products, but that the enamine intermediate is
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Figure 1. Therapeutic agents containing the 1,4-DHP motif.
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Scheme 2. Retrosynthesis of the target drug molecule (9)
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This paper describes the development ofole-pot
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Figure 2. Possible symmetrical Hantzsch ester products.
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Tricyclic Impurity, 13

dione (14) (Figure 2). A viable plant-scale process would
need to control the levels of these and any other impurities.

Discussion

The procedure used for gram-scale synthesi8 ofas
based on literature precedent and involved the addition of
all four reagents (R= isoborneol, Scheme 2) to the reaction
flask followed by the solvent (EtOH). The reaction was
heated to reflux for 8 h and then seeded to induce crystal-
lisation of the tricyclic impurity 13). The reaction mixture
was screened to remove tricyclic impurit§3) and then
concentrated to half its volume to allow isolation of the first
crop of product (8) by filtration. Evaporation of the liquors
to dryness and trituration of the residue with diethyl ether

unsymmetrical Hantzsch reaction that has been successfullyallowed isolation of a further crop of product (8); a third

scaled up to produce over 1 tonne of Hantzsch prodict (

for drug development (Scheme 2). Formation of the sym-
metrical byproducts was successfully overcome by careful
control of the order of addition of the reagents, which also

led to an improved mechanistic understanding of the reaction.

Background
Initial retrosynthesis of our target drug molecul®@) (

crop was isolated by column chromatography to give a total
yield of ca. 60%.

The issues relevant to plant-scale manufacture using the
initial gram-scale process were:

(i) the difficulty of cleaving the isoborneol ester (15)
without causing decarboxylation to racemic final prod@t (

(ii) the level of tricyclic impurity (L3) (typically 15—30%)
and diester impurity (10) (typically 2—4%) at the end of the

showed the Hantzsch synthesis to be an attractive reactiorf®action _ o .
to investigate (Scheme 2). Since the Hantzsch reaction does _ (iii) possible hazard issues arising from the “all-in” nature

not control the stereochemistry at C4, the potential output
from this synthetic route is limited by the fact that it involves
a classical resolution. To overcome this, an alternative,
asymmetric synthesis &fhas been developed and reported.

of the reaction

(iv) isolation of the product by evaporation to dryness
and using chromatography

(v) the need for three isolations (one of which suffers from

However, in the meantime, the Hantzsch route in Scheme 2@ slow filtration rate)

has proved to be robust on a plant scale, giving an overall
yield of 16.3%, which compares favourably with the asym-
metric route.

Of particular relevance 8, it has been demonstrated

(vi) low output of the process (the reaction was carried
out in 40 relative volumes)

Early in development, the isoborneol estdi6) was
replaced by the analogous allyl ester derivati/2)( having

that Hantzsch reactions using trifluoromethyl acetoacetate 9monstrated that the allyl group could be cleaved without

give 2-hydroxy-1,2,3,4-tetrahydropyridines rather than 1,4-

any decarboxylation using catalytic amounts of Wilkinson’s

DHPs directly, and therefore we expected our synthesis to catalyst® or another suitable metal.

require a separate dehydration step.
There are two potential symmetrical Hantzsch esters

A screen of alternative solvents showed none that offered
any benefit over EtOH, so this remained the solvent for the

which can also form from these reagents, the diester impurity '€action. An extensive study of the order of addition of the
(10), formed from the reaction of 1 molecule of 3-cyano- components of the reaction was then undertaken to control

benzaldehyde (11) and 2 molecules of the est@),(and
the tricyclic impurity (13), formed from 1 molecule of
3-cyanobenzaldehyde (11) reacting with 2 molecules of the

(7) See, for example: Furlan, B.; Copar, A.; Jeriha, A. EP599220, 1996;
Campbell, S. F.; Cross, P. E.; Stubbs, J. K. EP89167, 1996.

(8) Ashworth, I.; Hopes, P.; Levin, D.; Patel, I.; Salloo, Retrahedron Lett.
2002,43, 4931—-4933.

(9) Ogawa, T.; Matsummoto, K.; Yoshimura, M.; Hatayama, K.; Kitamura, K.;
Kita, Y. Tetrahedron Lett1993,12, 1967—1970.

the levels of the diester (10) and tricyclic (13) impurities
(Figure 2).

In general, adding two or more reagents to another already
at reflux gave higher ratios of these impurities. It was
therefore decided to combine all the reagents at ambient
temperature before heating to increase the overall rate of
reaction to give the produc8). Examination of the original

(10) Moseley, J. DTetrahedron Lett2005,46, 3179—3181.
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Table 1. Comparison of orders of addition of reagents

entry second reagent conditions third reagent fourth reagent result
1 allyl ester (12) RT - - no reaction
2 ammonium acetate RT allyl ester (12) - diester pyran (19)
3 ammonium acetate  heat allyl ester (12) - diester impurity (10)
4 ammonium acetate RT allyl ester (12) and dione (14y pyran intermediate (17)
5 ammonium acetate  RT allyl ester (12) dione (14) low yield of product (8)
6 dione (14) RT - - tricyclic pyran (18)
7 dione (14) reflux ammonium acetate - tricyclic impurity (13)
8 ammonium acetate 20—4C  dione (14) - intermediate (21) then tricyclic pyran (18)
9 ammonium acetate 6C dione (14) allyl ester (12) pyran intermediate (17) then product (8)
CN CN the early stages of the reaction, although the ammonia does
not become irreversibly incorporated until a later stage. This
Q mixture of 3-cyanobenzaldehyde (11), ammonium acetate,
CO,R RO,C CO,R . . . . .
[ (] and allyl ester12) gives the diester impurityl0) on heating
0 DeF, F,c” 07 CF, (entry 3).
) o _ Adding a mixture of allyl esterl2) and dione14) to a
Pyran 'gt::g"ﬁggﬁz" Tricyclic Pyran 18 g'isé?:iz@’;i%gz mixture of 3-cyanobenzaldehyd&l) and ammonium acetate

gives rapid consumption of dione (14), followed by eventual

o CN CN CN formation of pyran intermediatd {) (entry 4). This implies
o o o that the dione 14) reacts more readily than allyl estd2}
_ COR with the mixture of 3-cyanobenzaldehyd&l] and am-
NH, X | monium acetate. Following this, it was thought that separat-
o} o
21 22

N 65Fs ing the addition of allyl esterlQ) and dione14) and adding
Enaminone Ethyl Hantzsch the allyl ester 12) first to a mixture of 3-cyanobenzaldehyde
20 X= OH, or NH, impurity 23 (11) and ammonium acetate, followed by diodd) might

give the required produc8j. This proved to be the case but

. . . . only in low yield (entry 5).

process tshowgq tthatlt';m |2_termeg|ate, Ia.te{ '?e dntclif'e.d as;r:he Having shown that adding allyl estetd) at an early stage

\?vg?r:i: e(;;n(:hela I’eEE(lCtiZJI‘E Ing’lliL:(rtire),apnrgC\I/S; iubsuermugen tle was not successful, we tried adding diofié)as the second
9 q y reagent. A mixture of 3-cyanobenzaldehydé)(and dione

converted to the product (8) during the hold at reflux. The (14) at room temperature (entry 6) gave tricyclic pyrag)(
formation of the pyran intermediatd {) requires that the (Figure 3). Adding ammonium acetate to this mixture and

dione (14), 3-cyanobenzaldehyde (11), and the allyl eSterheating to reflux gave tricyclic impurityl@) as expected

(12) react together. However, a one-pot reaction of these X _ .
three reagents without ammonium acetate did not give (entry 7). Comparison of entries 6 and 1 shows that dione
(14) reacts more readily than allyl ester (12) with 3-cy-

but formed mainly the tricyclic pyrarlg) and diester pyran

(19) instead. This result suggests that ammonium acetate isanobenzaldehyde (11), as well as _With a mixture _Of,?"CY'
involved in the formation of the pyran intermediate?}, as anobenzaldehyde (11) and ammonium acetate. This implies

well as in the conversion of the pyran intermedial&)(to that adding dionel@) before allyl e;teﬂ(Z) might be a more
the product (8). successful strategy for the reaction.

Adding the other reagents to either the diotid)(or the Consequently, dione (14) was added to a mixture of
allyl ester (2) in ethanol at either reflux or ambient 3-Cyanobenzaldehyde (11)and ammonium acetate. Heating
temperature led to higher proportions of the tricyclic impurity his mixture to 26-40 °C gives an intermediate which can
(13) and the diester impurityl0), respectively. Attempted € detected by HPLC (entry 8).iib allyl ester (.2) is added,
preformation of the enaminon@Q) (Figure 3) followed by this slowly forms the tricyclic pyranl@®) (entry 8). This leads
addition of the other reagents also resulted in a poor reactionto the proposal that the intermediate formed between
profile. 3-cyanobenzaldehydd 1), ammonium acetate, and dione

These results led to the decision to start with 3-cyano- (14) could be21 (X = OH or NH;, Figure 3), where the
benzaldehydel(l) in ethanol and add the other reagents to @mmonium acetate is acting either by forming an imine of
it in various orders, either neat or as a solution in ethanol, 3-cyanobenzyaldehyde (11) or simply as an acid catalyst of
and at various temperatures. Table 1 shows the results ofthe reaction. Consistent with either of these structures, the
these experiments. Allyl ester (12) does not react with intermediate was found to decompose slowly at room
3-cyanobenzaldehydé) at ambient temperature (entry 1), temperature to tricyclic pyrarig) and 3-cyanobenzaldehyde
although combining 3-cyanobenzaldehyde (11) with am- (11), presumably via elimination to an intermediate such as
monium actetate and then adding allyl estE?)(gives the 22; this decomposition was faster at elevated temperatures
diester pyran19) (Figure 3 and entry 2). This adds credance and in polar aprotic solvents such as NMP. If allyl esfiet)(
to our supposition that the ammonium acetate is involved in is added to the proposed intermedia2d) (entry 9) and the

Figure 3. Impurities and Intermediates.
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Scheme 3. Proposed reaction sequence for the formation of Table 2. Effects of increased charges of ammonium acetate
8 (R = CH,CH=CH>)

HPLC area % after reflux period

CN
CN o . pyran o
NH,OAc o NH,OAc Hantzsch intermediate tricyclic
entry  (equiv)  product (8) a7) impurity (13)
+ B X
0" ™H o o 1 265 49.2 33 15.8
1 14 21 2 5.3 54.4 0.5 18.9
X = OH or NH, 3  2x265 58.5 <0.4 15.1
o] . . . i .
12 CN CN Table 3. Factors investigated in statistical experimental
| OR O design
O o}
|
HO™ "CF, COR coR values
B — - ‘ reagent midpoint low high
0 CF CF
0 : OHo ’ dione (14) 1.0 equiv 0.9 equiv 1.3 equiv
24 ammonium acetate R 2.65equiv  2x 2.5equiv 2x 3.5 equiv
oN allyl ester (12) 1.1 equiv 0.9 equiv 1.3 equiv
O CN O volume of reaction 25.6 vols 20 vols 35 vols
o NH,OAc o
-— COR—=— ‘ COR any unconverted pyran intermediater] before distillation
‘ to remove excess solvent, and controlled cooling and addition
o) ﬁFf‘ N OISFS . -
¢] H of water to crystallise the product, resulted in a marked
17 8 improvement in the filtration times. The produ8) (vas then

slurry washed with water to remove any residual ammonium

mixture heated to 60C, a solid precipitates from the reaction acetate and then with MTBE, which was found to be the
which has been identified as the pyran intermedidfg).( best solvent for removing impurities without dissolving the
Further heating eventually gives the required Hantzsch product.
product (8). At this point the outline of a good manufacturing process

The enaminone (20) (Figure 3) has never been detectedwas established and used to produce 145 kg3 afn a
by HPLC during a reaction and therefore is not an intermedi- development plant. However, the yield and impurity profile
ate in the reaction, is a very reactive intermediate, or is were subsequently improved still further by optimising the
perhaps not stable under the HPLC conditions used. Anotherrelative charges of the reagents and the concentration of the
impurity, the ethyl Hantzsch impurity28) (Figure 3), has  reaction. In particular, the screening off of pyran intermediate
been traced back to contamination of the allyl ester (12) with (17) represented “wasted” product since this material had
ethyl trifluoroacetoacetate, from which it is manufactured essentially undergone the required reaction except for the
by transesterification. The level of the ethyl Hantzsch replacement of an oxygen atom with a nitrogen. The presence
impurity (23) is controlled by setting strict limits on the level  of more ammonium acetate might be expected to improved
of ethyl trifluoroacetoacetate allowed in the allyl ester starting the conversion of pyran intermediat&7) to product 8).
material (12). Doubling the initial charge of ammonium acetate from 2.65

As a result of these experiments the reaction sequenceto 5.3 equiv decreased the level of pyran intermedia® (
shown in Scheme 3 was proposed, and the order of additionseen at end of reaction before isolation (Table 2, entry 2 vs
of [(3-cyanobenzaldehyde (11 ammonium acetate)}- entry 1); including two separate charges of ammonium
dione (14)]+ allyl ester (L2) was adopted, followed by acetate (one with the 3-cyanobenzaldehyldg &nd one after
heating to complete the reaction. Hazard assessments showetthe addition of all other reagents, just before heating to
that the balance of reaction rates with energy output was reflux), so that the maximum possible ammonium acetate
such that this “all-in” approach would not cause concern on was present after the addition of all reagents and during the
scale-up. period at reflux, decreased the level of pyran intermediate

Isolation of the product8) was achieved by removal of (17) to such a level that the screen was removed in further
some solvent by distillation, addition of water to precipitate campaigns (entry 3). These conditions were then used as the
more of the product, and then cooling and filtering. The baseline conditions for further experiments.
product (8) is known to decompose slowly at higher The optimisation of the charges of the reagents and
temperatures; therefore, in anticipation of longer distillation concentration of the reaction was achieved in a time-efficient
times during plant-scale manufacture, the distillation was manner using factorial experimental design. The charge of
carried out under vacuum so that a lower temperature could3-cyanobenzaldehyde (11) was fixed and the equivalents of
be used. Initially the workup was dogged by poor filtration dione (14), ammonium acetate, ethanol, and allyl ester (12)
times, but this poor performance was found to be due to were each varied at two levels (Table 3). This led to an FED
small amounts of pyran intermediatEr contaminating the  with four variables at two levels each for which a half-
product (8). The inclusion of a screen at 8D to remove factorial experimental design (eight experiments) was carried
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out, with a midpoint reaction before and after the FED CN CN
experiments. The results showed that the charges of am- ©/
monium acetate and allyl ester (12) were not critical, but 9 HaCL’J\ T e

that the charge of dionel4) and the concentration had a “‘Hbo/\/ wo/\/
significant effect on yield at the end of reaction. In fact, these N e,

two factors interacted such that the effect of varying the

charge of dione (14) at high concentration (low volume) has Diastereoisomer 26 Product 8
a larger effect than varying the charge of dioad)(at low Figure 4. NMR analysis of diastereomers.
concentration (high volume). Conversely, the reaction is
significantly more robust to changes in concentration at high
dione (14) charges than at low.

These statistical experiments also allowed investigatio
of the amount of tricyclic impurity (13) present at the end
of each reaction and showed that the key parameter in this
case was the charge of dion®4j, with higher charges of
dione (14) giving higher levels of tricyclic impurityl8) as
might be expected. Since both the yield of the Hantzsch
product (8) and the tricyclic impurityl@) increased with
increased charges of dion&4), a compromise had to be
reached. To control the quality of the Hantzsch prod8it (
it was necessary to limit the potential for contamination by
tricyclic impurity (13) which required a low charge of dione
(14). With this parameter fixed, it was therefore necessary

to gse arelgtlvely Ihollgrr]l rgactﬁn yolume (35 v_olumbes relative fmodiﬁed Karplus equation, which takes into account the
to 3-cyanobenzyaldehyde (11) input) to retain robustness o electronegativity of attached atoms as well as dihedral angles.

the system. Thus, the final process represented a sacrificer s c4iculated values of the coupling constants for the two
in throughput to achieve the product of required quality iastareomers were 7 and 13 Hz respectively, which fits very
without compromising process robustness. The best cond|-We" with those measured from the NMR spectrum, as well
tions established by the FED were therefore 1 equiv of o itk published resulfs.

3-cyanobenzaldyhydéd (), 0.9 equiv of dione (14), 1.3 equiv The identification of the diastereomer is interesting
of allyl ester (12), 2x 2.5 equiv of ammonium acetate and  pecayse it means that this reaction exhibits simple diaste-
35 volumes of solvent. However, since allyl estegis a reoselectivity: the diastereomers with both large groups (3-
relatively expensive starting material and its charge does NOtcyanobenzyl- and allyl ester) equatorial are formed in
have a strong effect on }"e|d: this charge'was later reducedpeference to the diastereomers which have one large group
to 1.1equiv for economic reasons. The final process, usedayial. In a classical Hantzsch reaction, dehydration to the
for tonne-scale manufacture, is detailed in the Experimental pqp would result in a racemic mixture. It is only by virtue
Section. Using this optimised process, typical levels of the of the presence of a-CF; group, in this case, that the
diester impurity (10) and tricyclic impurity (13) at the end  gehydration does not occur concurrently with formation of
of reaction were each5% by HPLC area, with<0.1%  the ring and that the diastereoselectivity is observed. The

NMR analysis of this sample confirmed the connectivity
of the compound and established it as a diastereomer of the
n product (8). The evidence for this comes from the coupling
constants between the two methine protongahkid H,. In
the isomer (26) (Figure 4), the coupling constant is 6 Hz
suggesting one axial and one equatorial proton; whilst in the
isolated productg) the coupling constant is 12 Hz, suggest-
ing that both protons are axial.

Further evidence for this diagnosis was obtained from
generating theoretical spectra from computer-generated
models of the two diastereomers. This modelling was done
using the software programMacromodel, version 7.0. The
two diastereomers were built and minimised, then the
coupling constant between the two protons measured using
Macromodel’s implementation of the electronegativity-

tricyclic impurity (13) and no detectable diestdiQ) impurity  diastereomer is present at levels around 15% by HPLC area
in the isolated produeta dramatic improvement on the initial  at the end of the reaction. It is currently removed from the
conditions (see above). product during the slurry wash in MTBE but represents a

During the early stages of this work it had been noted possibility for improving the yield of the reaction if an

that the strength of the product, as calculated by NMR and ajternative solvent for the slurry wash could be found.
by HPLC, was markedly different. This was attributed to an

unidentified impurity which coeluted with the product on Gonclusion
HPLC. To ensure that both NMR and HPLC strengths were A robust, one-pot, plant-scale procedure for an unsym-
comparable and reliable for plant manufacture a new HPLC metrical Hantzsch reaction has been developed and used to
system was developed. manufacture over 1 tonne of Hantzsch prod@ti 58%

The new HPLC system showed a new impurity at the yield and excellent quality. The learning gained should be
end of reaction with a retention time close but not identical applicable to other Hantzsch reactions.
to that of the productg). LC/MS showed that the new
impurity had the same mass as the produgs(8its identity Experimental Section
was tentatively assigned as a diastereomer of the product General Procedures!H NMR spectra were recorded on
(8). This new impurity was almost entirely removed from a Varian Inova 400 MHz spectrometer with chemical shifts
the product 8) during the MTBE wash sequence. Thus, to given in ppm relative to TMS at = 0. The reaction mixtures
fully establish its identity, a pure sample was isolated from and products were analysed by reverse phase HPLC on a
these MTBE liquors by chromatography. Hewlett-Packard 1100 according to the following condi-
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tions: column, Genesis C18, 150 mx4.6 mm i.d., 4um washed with water (6 rel vols) and MTBE (6 rel vols, twice).

particle size; eluent A: water with 0.1% v/v trifluoroacetic *H NMR (400 MHz, DMSQ)6 8.09 (s, 1H), 7.56 (dd] =

acid; eluent B: acetonitrile with 0.1% v/v trifluoroacetic acid; 5.9, 1.3 Hz, 1H), 7.47 (s, 1H), 7.44.33 (m, 2H), 7.26 (s,

gradient: 40% eluent B for 7.5 min., then increasing to 70% 1H), 5.55 (dg,J = 22.6, 5.3 Hz, 1H), 5.01 (dd] = 10.5,

eluent B after 20 min.; flow rate, 1.0 mL/min; wavelength, 1.3 Hz, 1H), 4.90 (dd] = 17.4, 1.5 Hz, 1H), 4.31 (ddd,

230 nm; injection volume, 1@L, column temperature, 20  J=52.9, 13.6, 5.4 Hz, 2H), 3.98 (d,= 12.0 Hz, 1H), 2.79

°C. HPLC purities were wt % against a standard of known (d, J = 12.0 Hz, 1H), 2.652.54 (m, 1H), 2.33 (ddJ =

strength as determined Bid NMR. 24.3, 6.9 Hz, 1H), 2.11—2.00 (m, 2H), 1.94—1.77 (m, 2H).
In a typical process, 3-cyanobenzaldehyi#, (1 equiv)

and ammonium acetate (2.5 equiv) are slurried together in

ethanol (18 rel vols). A solution of diond 4, 0.9 equiv) in

ethanol (6 rel vols) is added slowly, followed by allyl ester ~ We thank Gary Sharman for help with the NMR analysis

(12, 1.1 equiv) and more ammonium acetate (2.5 equiv) in of diastereomers.

ethanol (11 rel vols). The mixture is heated to reflux for 3.5

h, and then excess ethanol is removed by distillation under ) .

vacuum until 18 rel vols remains. Water (24 rel vols) is added Received for review March 13, 2006.

to precipitate the product, which is isolated by filtration and OP060057R
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