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Abstract:

The alkylation of isovanillin with cyclopentyl bromide in the
presence of potassium carbonate and a phase-transfer catalyst in
THF is investigated. Successful completion of the reaction depends
on the particle size of potassium carbonate.

Introduction
3-(Cyclopentyloxy)-4-methoxybenzaldehyde (1) is a key

intermediate in the synthesis of PDE IV inhibitors used for the
treatment of asthma, inflammatory disorders, and depression.1

To support the development of Filaminast (PDA-641), it was
necessary to synthesize multikilogram quantities of aldehyde
1. Initially, it was prepared by alkylation of isovanillin 2 with
cyclopentyl bromide (3) in N,N-dimethylformamide (DMF) at
65-100 °C, in the presence of anhydrous K2CO3. The reaction
mixture was filtered, and DMF was removed in Vacuo. The
resulting concentrate was diluted with toluene and washed with
aqueous NaOH to remove residual isovanillin 2, and the
aqueous phase was extracted with toluene. The combined
organic extracts were washed with water and dried. Following
evaporation of toluene, the crude oil was then dissolved in

tetrahydrofuran (THF). Since the next step in the synthetic
sequence was the addition of MeMgCl in THF,2 it was highly
desirable to be able to also run the alkylation of isovanillin 2
in THF.

A process was designed and successfully scaled up in which
isovanillin 2 was alkylated in the presence of Bu4NBr and
anhydrous K2CO3 in refluxing THF (Scheme 1). To minimize
the side reaction (elimination of HBr), bromide 3 was added in
two portions: 1 equiv at the beginning of the reaction and
another 0.5 equiv after 6 h. Upon filtration, the solution of 1 in
THF was used directly in the next step, the Grignard addition.2

This new, high throughput process assures high conversion of
isovanillin 2 and eliminates both aqueous workup and solvent
replacement.

Results and Discussion
During a second pilot-plant run, an unexpected problem was

encountered with the reaction completion as an aliquot taken
after 5 h at reflux showed 38% of unreacted isovanillin 2, higher
than the expected 20-25% observed in earlier batches. After
an additional 8 h at reflux, 31% of 2 remained, instead of the
expected 0-3%. An examination of the batch records showed
that the stirring rate and the quality of carbonate used were
different from prior batches. Specifically the stirring was slower,
and the carbonate was milled by a different process.

Increasing the stirring rate and refluxing the reaction mixture
for additional 3 h, did not decrease the amount of residual
isovanillin 2. K2CO3 used in this batch (carbonate A) had been
milled on FitzMill J pulverizer with 20 mesh screen, whereas
the carbonate in earlier, successful batches had been milled on
a larger, speed-controlled FitzMill model D with 40 mesh
screen. Therefore, additional carbonate was milled on FitzMill
D with 40 mesh screen (carbonate B) and added to the batch.
After 16 h at reflux, the level of 2 decreased to 13%. With
more carbonate B added to the batch and additional 17 h at
reflux, the amount of 2 eventually decreased to 5%. It was
satisfactory for batch completion; however, it was still higher
than in previous batches.

The quality of carbonate A used in this batch and the former
batches (carbonate B) was similar in terms of physical char-
acteristics. Both materials were 78% above 50 mesh. Subsequent
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experiments using various types of carbonates were conducted
(Table 1) on a 0.3 mol scale under similar conditions (equip-
ment, reagents, time, stirring rate). Carbonate A gave incomplete
alkylation (entry 1; Table 1). However, when mortar-ground,
it gave quantitative conversion of isovanillin 2 (entry 2).
Carbonate B also gave incomplete alkylation (entry 3). Its
activation at 105 °C did not increase its performance (entry 4).
A finer carbonate C, obtained on FitzMill D with 80 mesh
screen (entry 5) and the commercial 325-mesh carbonate (45
µm; entry 7), both gave quantitative conversions of 2. Granular
carbonate (entry 8), however, left 37% of unreacted 2.

Addition of a phase-transfer catalyst is important. As shown
in entry 6, when carbonate C was used in the absence of
Bu4NBr, the result was a low conversion of 2. Even though,
Bu4NBr does not solubilize K2CO3,3 with a pKa of 2 at 8.9,4

ion pairs (Bu4N+ ArO-) are likely to form because the
deprotonation of the phenol occurs at the surface of the
carbonate.3 During the reaction, K2CO3 is converted to KBr
and KHCO3.5,6

All carbonates used in the studies were submitted for particle
scanning (Table 2). Direct correlation was found between
K2CO3 particle size and the conversion of 2. The carbonates
with particle size D90: 30-50 µm gave quantitative conversion
of 2, whereas those with larger particles (D90: 520-570 µm)
resulted in incomplete conversion.

Conclusions
Isovanillin 2 underwent nearly quantitative O-alkylation with

cyclopentyl bromide 3 in the presence of K2CO3 and a phase-

transfer catalyst (Bu4NBr) in refluxing THF. A high throughput
process was developed, allowing telescoping of the alkylation
step to the subsequent step with a Grignard reagent. Both an
aqueous workup and a solvent switch were eliminated. Direct
correlation was found between K2CO3 particle size and the
conversion of 2. More stringent specifications were put in place.

Experimental Section
The pilot-plant materials were used, except the 325-mesh

K2CO3 (Aldrich), granular K2CO3 (J.T. Baker), KHCO3 (EM
Science), and K2CO3 ·1.5 H2O (Aldrich). Particle size distribu-
tion was determined in isopropanol on a Malvern instrument.
HPLC scans were obtained on a Hitachi D-6000 instrument
with Partisil 5 µm, ODS-3, 4.6 mm × 250 mm column
(Whatman); phosphate buffer (pH 3.5)/acetonitrile, 3:2 v/v; flow
1.0 mL/min; wavelength 226 nm.

Pilot-Plant Synthesis of 1. A mixture of 2 (45.0 kg), THF
(115 kg), Bu4NBr (9.6 kg), and milled K2CO3 (61.2 kg) was
refluxed for 1.5 h in a 100-gal glass-lined vessel with agitation
at 125 rpm. The vessel content initially thickened then thinned
before reaching reflux. After cooling to 40 °C, 3 (44.1 kg) was
added, and reflux continued for 5 h. A second batch of 3 (21.9
kg) was added and the mixture refluxed for additional 9 h. When
all starting material was consumed (HPLC), the mixture was
cooled to 25 °C, and solids were removed by filtration on a
0.25 m2 Rosenmund filter. The filter cake was washed with
THF (4 × 18 kg). The combined filtrate and wash were used
as such in the next pilot-plant step.2
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Scheme 1

Table 1. Product 1 distribution (HPLC area %) in the
alkylations of 2 with 3.

entry 1 2

1 A, Bu4NBr 92.9 7.0
2 A, mortar-ground, Bu4NBr 99.8 0
3 B, Bu4NBr 88.5 11.6
4 B, activated at 105 °C, Bu4NBr 88.9 10.8
5 C, Bu4NBr 99.9 0
6 C, w/o Bu4NBr 54.8 21.4
7 325-mesh powder, Bu4NBr 99.8 0
8 granular, Bu4NBr 62.1 36.9

Table 2. Comparison of potassium carbonate particle size
distribution, specific surface area, product 1 and residual
substrate 2 distribution (HPLC area %).

potassium
carbonate D90 [µm]

specific
surface [m2/g] 1 2

1 C 29 1.02 99.9 0
2 325-mesh, powder 48 0.71 99.8 0
3 A 521 0.05 89.7 10.1
4 B 536 0.07 89.3 10.5
5 granular 570 0.02 60.5 38.8
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