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Abstract.

A number of important aromatic carboxylic acids precursors, or intermediates in the syntheses of

natural products, are converted into methyl esters and reduced to the corresponding primary alcohols
using a sodium borohydride-THF—methanol system. The alcohols are obtained in 70-92% yields in 2—
5 hours, in a pure state. This two-step procedure not only provides a better alternative to aluminum hy-
dride reduction of acids but also allows the selective reduction of esters in presence of acids, amides, ni-
triles or nitro functions which are not affected under these conditions.
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1. Introduction

The use of sodium borohydride in the simple chemo-
selective reductions of aldehydes and ketones to the
corresponding alcohols is well known.! The reaction
isnormally carried out at » 25°C or at reflux tempe-
rature using ethanol or methanol as solvent. Although,
theoretically, one equivalent of sodium borohydride
provides four equivalents of hydride, however, a
dight excess of the reagent is typically used to
counter consumption by reaction with the solvent.
Under these conditions, carboxylic acids, esters, ep-
oxides, lactones, nitro groups, imides, amides and
nitriles are not reduced. Therefore, reduction of these
functional groups is carried out using stronger reduc-
ing agents like lithium aluminum hydride.? Sodium
borohydride can, however, be easily modified to a
stronger or more selective reducing agent.> Exam-
ples include the borohydride reduction step in the
industrial Sumitomo’s synthesis of D-biotin (vitamin
H)* and the selective hydroxy ester reduction in
presence of non-substituted esters, employed in the
synthesis of R-lipoic acid.” Sodium borohydride is
versatile as a hydride reducing agent for both
chemo- and diastereo-selectivity and thus has been
used in the stereoselective reductions.*® Hence a
combination of sodium borohydride with organoborane
has been developed for diastereoselective reduction

*For correspondence
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of hydroxy ketone and of ‘statin-type’ molecules,’
and stereosel ective enamine ketone reductions.® The
combination produces excellent diastereoselective
yields, without requiring the transition metal separa-
tion necessary in case of catalytic hydrogenation.
Sodium borohydride—cerium (l11) chloride has been
used in the selective reduction of a,b-unsaturated
carbonyl compounds to the corresponding alylic al-
cohols (Luche Reduction).® The reactivity of sodium
borohydride can also be enhanced in the presence of
certain additives like iodine and zinc chloride.’**!

Sodium borohydride is a mild hydride donor and
does not readily reduce acids or esters. However,
since its discovery, there have been a number of at-
tempts in this direction. Thus, esters, carboxylic acids
and nitriles were reported to undergo reduction at
room temperatures with sodium borohydride in diglyme
in the presence of aluminum chloride™ or sodium
borohydride and ethane dithiol in THF at room or
reflux temperature.

The reduction of esters in non-polar solvents like
THF has traditionally required long reaction times
and forcing conditions. The addition of a precise
amount of methanol to the reaction mixture enhances
the reactivity of sodium borohydride-THF system.™
In this article we wish to report the reduction of
some aromatic methyl esters containing one, two, or
more carbons or a,b-unsaturation in the side chain
using sodium borohydride-THF system™ (scheme
1). Thus, mono-, di-, or tri-methoxy substituted benzoic
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Scheme 1. Boronhydride reduction of aromatic methyl esters.
Tablel1l. Physical and IR spectral data of compounds 2a-.
IRcm™

Compd. m.p. (°C) CO (ester) —OH Reflux (h) Yield (%)
2a 55-57 (lit."” 62—65) 1729 3191 4.0 83
2b 42-45 1734 3328 4.0 81
2c Qil 1740 3374 35 87
2d Qil 1740 3414 3.30 90
2e 42-43 (1it.° 48) 1733 3422 4.30 70
2f Oil 1737 3456 4.30 71
29 Oil 1729 3462 4.30 70
2h 30-32 1718 3438 4.0 75
2i 98-99 (lit.® 94-95) 1720 3521 2.30 89
2j Qil 1721 3512 3.0 91
2k 74-76 (lit.** 69-70) 1719 3520 2.50 92
2l 77-78 (lit.® 75-76) 1720 3521 2.0 91

acids, phenylacetic acids, phenylpropanoic acid and
cinnamic acid, precursors or intermediates towards
the synthesis of natural products were successfully
reduced to corresponding alcohols via prior conver-
sion into corresponding methyl esters. It may be
mentioned that the previous report of reduction of
a,b-unsaturated esters using a ten- to twenty-fold
excess of reagent in water or alcohol, involved a
concomitant reduction of the double bond, resulting
in the corresponding saturated alcohol or a mixture
of saturated and unsaturated alcohols.*

2. Resultsand discussion

3,5-Dimethoxy-4-methylbenzoic acid was prepared
from 4-methylbenzoic acid according to the literature
procedure’’ and was converted to 3,5-dimethoxy-4-
methylphenylacetic acid by the standard homolo-
gation sequence.’® These are the key starting materi-
als for the synthesis of fungal metabolites of

sclerotiorin and rotiorin groups.*® 3-Methoxybenzoic
acid, 3-methoxyphenylacetic acid, 3,4-dimethoxy
phenylacetic acid, 3-methoxycinnamic acid and
3,4,5-trimethoxyphenylpropionic acid were com-
mercial products from Aldrich. All these acids are
important intermediates in the synthesis of natural
products. 3,5-Dimethoxy-4-methylphenyl ethanol
and 3,4-dimethoxyphenylethanol® are important
precursors of 1-substitued isochromans.?*

The acids were converted into corresponding methyl
esters by the standard procedure. The reductions
were completed in 2—4 h giving alcohols in 70-92%
yields (table 1). The progress of reactions was moni-
tored by analytical TLC. The alcohols were obtained
as single pure products. The new compounds were
initially characterized by the R values and IR spectra.
Thus, there was complete absence of ester carbonyl
stretching peaks, at 1718-1734 cm™ and the appear-
ance of broad peaks for the hydroxyl function at
» 3191-3462 cm™ (table 1). Final characterization
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was by use of *H NMR and mass spectra. Spectro-
scopic and physical data for known alcohols werein
accordance with those reported in the literature. The
selective reduction of the ester function in carboxy
ester (3) to afford the corresponding hydroxy acid
(4) has been used as a key step in our synthesis of
the natural dihydroisocoumarin stellatin® (scheme 2).

That the method is not limited to activated sub-
strates and nitro group is not affected under these
conditions was shown by the smooth reduction of 4-
nitrobenzoic acid to 4-nitrobenzyl alcohol® (2i). The
generality of the method was further established by
reduction of 4-fluoro-, 4-chloro- and 4-bromoben-
zoic acids to corresponding benzyl acohols** (2j-)
and as expected, the attempted reduction of 3,5-
dimethoxybenzonitrile to corresponding phenethyl
amine was unsuccessful despite refluxing for 12 h.
In general, the yields were higher and reflux time
was shorter for benzoic acids as compared to the
higher homologues.

The additional step involving the conversion into
esters is justified and more than compensated for by
the low cost, better yield, ease of workup and lack of
mandatory anhydrous conditions necessary for a
successful aluminum hydride reduction.

The mechanism of reduction probably involves
the in situ generation of more reactive sodium meth-
oxyborohydrides in presence of methanol. This is
also supported by the fact that the use of more hindered
alcohols like 2-propanol involving alkoxyborohydri-
des results in significantly longer reaction times.**

3. Experimental

Melting points were recorded using a MEL TEMP
MP-D apparatus and are uncorrected. *H NMR spectra
were determined as CDCl; solutionsat 400 MHz using
a Bruker AM-400 machine. FT IR spectra were recor-
ded on an FTS 3000 MX spectrophotometer and
mass spectra (El, 70 eV) were recorded on a MAT
312 instrument. Commercial THF and methanol

were distilled prior to reaction. A typical experimental
procedure is described below.

3.1 Synthesis of 2-(3,5-dimethoxy-4-methyl phenyl)
ethanol (2b)

Sodium borohydride powder (1 g, 270 mmol) was
added to a stirred solution of 2-(3,5-dimethoxy-4-
methylphenyl)ethanoate (1b) (19, 446 mmol) in
THF (16 ml). The resulting suspension was stirred at
65°C for 15 min. Methanol (16 ml) was then added
dropwise and the reaction mixture was refluxed for
4 h. After cooling to room temperature the reaction
mixture was quenched with 2N HCI (10 ml). The
organic layer was separated and the agueous phase
extracted with ethyl acetate (3~ 20 ml). The com-
bined organic phase was dried (MgSO,) and concen-
trated to obtain a solid residue. Recrystallization from
ethanol afforded the alcohol (2b) (0¥ g, 361 mmol,
81%) as colorless needles. m.p. 42-45°C; IR (KBr):=
3328, 2956, 1587, 1271, 1182, 1072, 741 cm™; 'H
NMR (400 MHz, CDCl5): d = 2221 (3H, s, Ar-CHy),
385 (s, 6H, MeO x2), 321 (2H, t, J =560 Hz, Ar-
CH,), 480 (2H, t, J=5%60 Hz, CH,0OH), 639 (2H,
s, H-2, 6) ppm; MS (70eV): m/z (%)= 196 (M",
100), 178 (31), 163 (19), 149 (36), 135 (25).

Alcohols 2a— were prepared in a similar manner.
Physical and IR data are recorded in table 1.

3.2 (3,5-Dimethoxy-4-methyl phenyl)methanol (2a)

IR (KBr):=3191, 2937, 1600, 1271, 1185, 1072,
741 cm™; 'H NMR (400 MHz, CDCly): d=2%1
(3H, s, Ar-CHs), 492 (2H, s, Ar-CH,), 643 (2H, s,
H-2, 6) ppm; MS (70 eV): m/z (%) = 182 (M*, 37),
164 (100), 163 (19), 149 (36), 135 (23).

3.3 2-(3,5-Dimethoxyphenyl)ethanol (2c)

IR (KBr):= 3374, 2942, 1599, 1446, 1271, 1182,
1083, 691 cm™; 'H NMR (400 MHz, CDCly): d=



422

268 (2H, t, Ar-CH,, J= 6% Hz), 381 (s, 6H, MeO
x2), 44 (2H, t, J = 6% Hz, CH,OH), 6539 (1H, s, H-
2), 647 (1H, s, H-6) ppm; MS (70eV): m/z (%)=
196 (M*, 41), 178 (31), 165 (43), 149 (36), 135 (21).

3.4 3-(3,4,5-Trimethoxyphenyl) propan-1-ol (2d)

IR (KBr):= 3414, 3208, 2932, 1596, 1271, 1182,
1072 cm™; 'H NMR (400 MHz, CDCl,): d= 183
(2H, g, J= 799 Hz, J = 648 Hz, CH,-2), 2560 (2H, t,
J= 7% Hz, CH,-3), 363 (2H, t, J = 622 Hz, CH,-1),
3%7 (3H, s, Me0), 3¥9 (6H, s, MeO x2), 6:87 (1H,
s, Ar-H) ppm; MS (70 eV): m/z (%)= 226 (M*, 24),
208 (41), 164 (100), 163 (19), 149 (36), 135 (23).

3.5 2-(3,4-Dimethoxyphenyl)ethanol (2e)

IR (KBr):= 3316, 3208, 2960, 1597, 1271, 1182,
1072, 941cm™; 'H NMR (400 MHz, CDCly):
d=280 (2H, t, J= 76 Hz, ArCH,), 391 (2H, t,
J= 62 Hz, CH,OH), 3¥0 (3H, s, MeO), 32 (6H,
s, MeO x2), 667 (1H, s, Ar-H) ppm; MS (70 eV):
m/z (%)= 182 (M*, 27), 164 (43), 162 (19).

3.6 (3-Methoxyphenyl)methanol (2f)

IR (KBr):= 3462, 3220, 2945, 1602, 1271, 1182,
1072 cm™; *H NMR (400 MHz, CDCls): d =183
(2H, q, J= 79 Hz, J = 6:48 Hz, CH,-2), 260 (2H, t,
J= 76 Hz, CH,-3), 363 (2H, t, J = 6:2 Hz, CH.-1),
3%7 (3H, s, MeO), 3%9 (6H, s, MeO x2), 687 (1H,
s, Ar-H) ppm; MS (70 eV): m/z (%)= 138 (M*, 37),
164 (100), 163 (19).

3.7 2-(3-Methoxyphenyl)ethanol (29)

IR (KBr):= 3316, 3247, 2956, 1596, 1271, 1182,
1072, 741 cm™; 'H NMR (400 MHz, CDCly): d=
183 (2H, g, J= 79 Hz, J= 6x48 Hz, CH,-2), 260
(2H, t, J= 76 Hz, CH,-3), 363 (2H, t, J = 62 Hz,
CH,-1), 3%7 (3H, s, MeO), 3¥9 (6H, s, MeO x2),
6537 (1H, s, Ar-H) ppm; MS (70 eV): m/z (%)= 152
(M*, 15), 164 (100), 163 (19).

3.8 3-Methoxycinnamyl alcohol (2h)
IR (KBr):= 3438, 2932, 1596, 1271, 1182, 1072 cm™;

'H NMR (400 MHz, CDCl3): d = 3:85 (s, 3H, MeO),
428 (d, J = 58 Hz, 2H), 663 (d, J = 1584 Hz, 1H),
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621 (d, J= 1580 Hz, 1H), 6:68-6:80 (m, 3H, Ar-H),
684 (s, 1H, Ar-H) ppm; MS (70 eV): m/z (%)= 164
(M, 45), 146 (65), 137 (15).

4. Conclusion

In summary, the application of sodium borohydride—
THF-methanol system for reduction of methyl esters
is illustrated by several examples involving impor-
tant methoxy acids. When compared to aluminum
hydride reduction, it proves to be an efficient and
selective procedure which allows selective reduction
of esters in presence of acids, amides, nitriles or ni-
tro functions.
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