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Three new methods for the preparation of the vasodilator
isosorbide 5-mononitrate are described. In the first
method enzymatic regioselective acetylation of isosorbide
gave isosorbide 2-butyrate. Nitration and deprotection of
this material afforded isomerically pure isosorbide 5-
mononitrate in high overall yield. Secondly, regioselective
hydrogenation of isosorbide dinitrate over platinum oxide
(PtO2) furnished the 5-mononitrate in 45% yield. Similarly,
regioselective reduction of the dinitrate was achieved using
sodium borohydride (NaBH4) activated with cobalt or iron
phthalocyanine. All three methods show advantages over
existing procedures.

1,4 :3,6-Dianhydro--glucitol 2,5-mononitrate (isosorbide dini-
trate 1) and its 5- and 2-mononitrates (2 and 3 respectively)
are all well-documented pharmaceuticals for the treatment of
cardiovascular disease. However, because of advantageous
pharmacokinetics, 1,4 :3,6-dianhydro--glucitol 5-mononitrate
(isosorbide 5-mononitrate) (2) is preferred in the clinic over
isosorbide 2-mononitrate or isosorbide dinitrate.1 As a result
the synthesis of isomerically pure 5-mononitrate (2) has been a
continuing feature of world-wide interest.

Over the years a number of pathways have been devised for
the synthesis of isosorbide 5-mononitrate (2). Isosorbide (4), a
diol possessing two sterically distinct hydroxy groups which is
obtained by dehydration of -glucitol,2 is one obvious starting
point. The 5-endo hydroxy group normally exhibits enhanced
reactivity over that of the 2-exo hydroxy group. This increase in
reactivity is due to the ability of the C-5-OH group to form a
hydrogen bond to the adjacent ring oxygen atom.3 As a con-
sequence direct protection/nitration of isosorbide (4) at the 2-
hydroxy position is generally unfavourable. The greater reactiv-
ity of the 5-endo functionality was utilised in one synthesis of
isosorbide 5-mononitrate which involved enzymatic hydrolysis
or alcoholysis of isosorbide diacetate. After nitration of the
resultant 2-acetate followed by deprotection isosorbide 5-
mononitrate (2) was obtained.4

Chemical procedures have been employed to regioselectively
protect the 2-hydroxy function of isosorbide (4).5 However, to
our knowledge, no enzymatic transesterification protocol has
been reported for the selective protection of the 2-hydroxy
group of this molecule, although this would provide more
directly a key intermediate for the conversion to isosorbide
5-mononitrate (2).

An alternative synthetic route, the reduction of isosorbide

2,5-dinitrate (1) to mononitrate (2) has also received attention.
The best method for accomplishing this reduction, reported by
Modena,6,7 utilises zinc in acetic acid, whereupon isosorbide 5-
mononitrate (2) is obtained as the major product in 44% yield.
Reductions involving hydrazine hydrate,8 Pd/C in the presence
of nickel chloride,7 titanium() tetrahydroborates 9 and
tetrathiomolybdate 10 reagents have all been described but met
with limited success. Bioconversions of isosorbide dinitrate (1)
to the mononitrate (2) have also been explored and have shown
good selectivity and promising yields, albeit on a small scale.11

Within this communication we report three new methods for
the preparation of isosorbide 5-mononitrate (2), one utilising
isosorbide (4) and two employing isosorbide dinitrate (1) as
starting materials.

Results and discussion
Enzyme-catalysed regioselective acylation of isosorbide

The potential of enzymes for the selective functionalisation of
diols is widely described in the literature.12 On screening
some commercially available enzymes 13 a number displayed the
ability to perform regioselective esterification of isosorbide;
the results are displayed in Table 1.

Most enzymes, such as Candida antarctica B lipase (entry 1),
promoted formation of the 5-ester as promulgated previously
by Schneider et al. 4 and Guibé-Jampel et al. 14 Other enzymes
such as the lipase from R. oryzae (entry 2) and the protease
from Bacillus sp. (entry 3) showed selectivity towards 2-
acylation but in reactions that gave only very low conversions
after 5 days. However pig liver esterase (entry 4) and the prote-
ase Subtilisin Carlsberg 15 (entry 5) demonstrated the
unexpected potential for relatively rapid derivatisation at the 2
position. Subtilisin Carlsberg was chosen for further study and
with a moderate loading (5% w/w enzyme:substrate) catalysed
an even more efficient transesterification of isosorbide using
vinyl butyrate 16 in tetrahydrofuran, to yield isosorbide 2-
butyrate (5) (62%) after just 26 hours. Subsequent nitration of
the monoester (5) and removal of the butyrate moiety (sodium
carbonate–methanol) gave isosorbide 5-mononitrate (2) in
58% overall yield from isosorbide.

Regioselective reduction of isosorbide 2,5-dinitrate (4)

In isosorbide 2,5-dinitrate the 5-endo group is sterically more
crowded than the same group in the 2-exo position, hence
reduction at the latter position is generally dominant. Hydro-
genation, using palladium on carbon, had previously shown
potential for this regioselective denitration.8 However the exces-
sively long reaction times militate against this methodology
being employed on a large scale.

In an attempt to find a more rapid rate for this hydrogenation
platinum (5% on C) and platinum oxide were evaluated. Plat-
inum oxide provided an inexpensive and efficient means to
obtain isosorbide 5-mononitrate in an acceptable yield (45%).
The reaction proceeded smoothly with a catalytic loading
of 1% w/w (PtO2 : substrate) in methanol to yield the desired
compound after only 3 h.
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Table 1 Esterification reactions of isosorbide a

Entry Enzyme 2-Acyl b derivative (%) 5-Acyl b derivative (%) Isosorbide b (%) 

1
2
3
4
5

Candida antarctica B
Rhizopus oryzae lipase
Bacillus protease
Pig Liver esterase
ChiroClecTM-BL (dry)
Subtilisin Carlsberg

4.7
8.0
7.8

33.0
71.0

31.1
—
—
—
15.0

64.2
92.0
92.2
67.1
14.0

a All reactions were performed in chloroform using vinyl acetate (3 equivalents). No diacylated material was formed. b Values from gas chromato-
graphic analysis after 5 days.

Further investigations into the regioselective denitration of
isosorbide 2,5-dinitrate (1) highlighted the potential of sodium
borohydride. Although sodium borohydride alone was unable
to facilitate the regioselective reduction of 1, it is known that
when employed in conjunction with a metal phthalocyanine 17

altered reduction characteristics may be observed.
Gratifyingly addition of sodium borohydride to a solution of

isosorbide 2,5-dinitrate and cobalt or iron phthalocyanine in
methanol led to the rapid formation of the desired product (2)
as shown in Table 2. After removal of the recyclable catalyst
and simple purification crystalline isosorbide 5-mononitrate
was obtained in greater than 50% yield.

The three methods highlighted within this paper are all effi-
cient, cost effective and industrially applicable preparations of
isosorbide 5-mononitrate from either isosorbide or isosorbide
2,5-dinitrate.

Experimental
Preparation of isosorbide 5-mononitrate

To the dinitrate (1) (500 mg, 2.12 mmol) in methanol (20 mL)
was added cobalt phthalocyanine (200 mg, 0.35 mmol). To this
stirred solution was added sodium borohydride (600 mg, 15.86
mmol). After 10 min the reaction was quenched with 2 M HCl
(20 mL) and the catalyst removed by filtration. The solution
was extracted with dichloromethane (300 mL) and the organic
phase dried and evaporated. Purification by chromatography
over silica yielded isosorbide 5-mononitrate (2) in 52% yield,
mp 89.6–90.5 �C (lit.,4 (89–91 �C) [α]D

23 = �192 (lit.,4 �181)
(Found C, 37.7; H, 4.7; N, 7.3. C6H9NO6 requires C, 37.7; H,
4.75; N, 7.3%).

Table 2 Regioselective reduction of isosorbide 2,5-dinitrate with
sodium borohydride and cobalt phthalocyanine

Product Composition (%)

Isosorbide 5-mononitrate (2)
Isosorbide 2-mononitrate (3)
Isosorbide 2,5-dinitrate (1)
Isosorbide (4)

69.90
18.74
8.15
3.21

Acknowledgements

We thank Archimica Laboratories for a studentship to
R. W. M.

References
1 (a) W. Schneider, B. Stahl, M. Kaltenbach and W. D. Bussmann,

Arzneim.-Forsch./Drug Res., 1984, 34II, 1779; (b) S. G. Wood, B. A.
John, L. F. Chasseaud, R. M. Major, M. E. Forrest, R. Bonn, R. F.
Lambe and A. Darragh, Arzneim.-Forsch./Drug Res., 1984, 34II,
1031.

2 G. Fleche and M. Huchette, Starch/Starke, 1986, 38, 26.
3 (a) J. S. Brimacombe, A. B. Foster, M. Stacey and D. H. Whiffen,

Tetrahedron, 1958, 4, 351; (b) W. Szeja, J. Chem. Soc., Chem.
Commun., 1981, 215.

4 (a) R. Seemayer, N. Bar and M. P. Schneider, Tetrahedron: Asym-
metry, 1992, 3, 1123; (b) M. Schneider and R. Seemayer, US Patent,
1996, 5 538 891.

5 (a), P. Stoss, P. Merrath and G. Schluter, Synthesis, 1987, 174;
(b) Z. Cekovic and Z. Tokic, Synthesis, 1989, 611; (c), G. Le Lem,
P. Boullanger, G. Descotes and E. R. Wimmer, Bull. Soc. Chim.
Fr., 1988, 3, 567; (d ) D. Abenhaim, A. Loupy, L. Munnier,
R. Tamion, F. Marsais and G. Queguiner, Carbohydr. Res., 1994,
261, 255.

6 (a) O. Lucchi, A. Angius, F. Filipuzzi, G. Modena and E. Camera,
Gazz. Chim. Ital., 1987, 117, 173.

7 E. Camera, F. Filipuzzi, O. Lucchi and G. Modena, Eur. Patent,
1985, 201 007 (Chem. Abstr., 1987, 67625).

8 J. M. Emeury and E. Wimmer, US Patent, 1983, 4 381 400.
9 K. S. Ravikumar and S. Chandarsekaran, Synthesis, 1987, 174.

10 D. Bhar and S. Chandarsekaran, Indian J. Chem., 1997, 36B,
793.

11 J. S. Ropenga and M. Lenfant, App. Microbiol. Biotechnol., 1988, 27,
358.

12 (a) F. Theil, Catal. Today, 1994, 22, 517; (b) S. M. Roberts, J. Chem.
Soc., Perkin Trans. 1, 1998, 157.

13 Altus ChiroscreenTE, Enzyme screening apparatus.
14 Z. Chalecki and E. Guibé-Jampel, Synth. Commun., 1997, 27,

3847.
15 S. Riva, J. Chopineau, A. P. G. Kieboom and A. M. Klibanov,

J. Am. Chem. Soc., 1988, 110, 584.
16 No alteration in selectivity was observed.
17 (a), T. Satoh, S. Suzuki, Y. Suzuki, Y. Miyaji and Z. Imai,

Tetrahedron Lett., 1969, 52, 4555; (b), H. Eckert and Y. Kiesel,
Angew. Chem., Int. Ed. Engl., 1981, 20, 473.


