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Isopropylidenepyridoxine 1 (2,2,8-trimethyl-4H-1,3-diox-
ino[4,5-c]pyridin-5-ylmethanol), an important building
block for many biologically interesting pyridoxine deriv-
atives and analogs,!? has previously been prepared from
pyridoxine hydrochloride and acetone (Scheme 1) in the
presence of a large excess of acid®>® (more than 10 equiv.).
By using a smaller amount of acid (ca. 6 equiv.), another
cyclic ketal (1,5-dihydro-3,3,8-trimethyl[1,3]dioxepino(5,6-
cJpyridin-9-ol, 2) was obtained in 74 % yield.® Further
treatment of compound 2 in acetone with acid at high
concentration converted it into 1 in quantitative yield.®
However, at low acid concentrations compound 1 was not
formed’ even after 24 h. Thus, it seemed that it was the acid
concentration, rather than the duration or temperature of
the reaction that determined the product, as recently men-
tioned explicitly by Nelson and Nelson.’

In an effort to find out why the conversion of 2 into 1
needed such an unusually large excess of acid, we examined
the same reaction in CH,Cl,. We found that when 2 (free
base) was stirred at room temperature in dry CH,Cl, con-
taining, e.g., 3 equiv. of anhydrous p-toluenesulfonic acid,
pyridoxine (together with some water, presumably formed
from the acid-catalyzed aldol condensation of acetone) was
formed within a few minutes. However, subsequent addi-
tion of an excess of acetone dimethyl acetal to the reaction
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system converted the pyridoxine back into 2 within 30 min.
Not more than 1 h later, compound 1 was also easily
detected by TLC. After a further 5 h of reaction, 1 became
the predominant product and was isolated in 83 % yield.

The above results make it clear that in previous experi-
ments the failure to obtain 1 in the absence of a large excess
of acid is due to a very slow reaction (even though the
amount of the acid used there was already much more than
catalytic), rather than an equilibrium in favor of 2. Com-
pared with CH,Cl,, acetone is a much better hydrogen-
bond acceptor. Thus, the presence of a large amount of
acetone lowers the acidity of the reaction medium and in
turn results in a reduced concentration of 3. Acetone may
also raise the activation energies (compared with those in
CH,Cl,) of conversion of 3 into 5, because in a more polar
solvent 3, 4 and 5 (with higher charge density, Scheme 2)
are stabilized more than the transition states. As a conse-
quence, if compound 1 is to be obtained in an acetone
solution within a short time, a high concentration of acid is
inevitably needed to compensate the above two unfavor-
able factors.

The rapid replacement of the isopropylidene moiety in 2
observed in our experiment also gives a reasonable expla-
nation as to why Nelson and Nelson’ failed to obtain deute-
riated 1 from hexadeuteriated 2 (with deuterium atoms at
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the isopropylidene moiety) in non-deuteriated acetone. Be-
fore 1 was produced via 5 by ring closure of 4, a relatively
slow step due to the poor nucleophilicity of the phenolic
hydroxy group, the hexadeuteriated isopropylidene moiety
had already been replaced by its non-deuteriated counter-
part from the solvent. Thus, the absence of deuterium in
the product (1) should not be regarded as evidence’ that 1
was not formed from 3 via 4.

The results of the reaction in CH,Cl, not only provide a
better understanding of the formation of two isopropylide-
nepyridoxines but also suggest a convenient way to prepare
compound 1. As an immediate extension of the trans-
formation of 2 into 1, we tested pyridoxine hydrochloride
under similar conditions. In spite of the poor solubility of
pyridoxine hydrochloride in CH,Cl,, compound 2 began to
form immediately. Shortly afterwards, compound 1 was
detected by TLC as well. After 24 h of reaction at room
temperature, most of the suspended pyridoxine was trans-
formed into 1. At reflux temperature, substantial conver-
sion into 1 was effected within a few hours.

The simplification using concentrated H,SO, to replace
anhydrous p-toluenesulfonic acid made our procedure even
more practical for preparative purposes. Acetone dimethyl
acetal was used in large excess, because under the reaction
conditions, acetone was generated from the ketals contin-
uously and consumed by the subsequent aldol condensa-
tion. Reflux of the crude residue (after removal of CH,Cl,)
in diethyl ether/pentane followed by washing of the crystals
of 1 with cold pentane proved to be an effective way of
getting rid of the colored aldol products without any signif-
icant loss of yield. After such a simple work-up, compound
1 was obtained in good yield with high purity as judged
from its m.p., GLC, and NMR spectroscopy.

This procedure works equally well on large scale (e.g., 20

g)-
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Experimental

Pyridoxine hydrochloride (98 %) was purchased from Al-
drich Chemie GmbH & Co. KG. Acetone dimethyl acetal
(98 %) was purchased from Fluka AG. CH,Cl, was dried
over CaCl, before use. 'H and BC NMR spectra were
determined on a Varian XL 400 NMR spectrometer (oper-
ating at 400 MHz for 'H) using [?’Hg]DMSO as the solvent
and TMS as the reference. Melting points were taken on a
Reichert KIFA micromelting point apparatus and are un-
corrected. Gas chromatography was performed on a Varian
3400 gas chromatograph using a 30-meter DB-17 megabore
capillary column (0.53 mm ID, coated with 50 % of phenyl-
methylsilicone with a film thickness of 1 um, manufactured
by J & W Scientific, Inc.) with a temperature program
operating from 150 to 220°C min™! and keeping 220°C
henceforth. A Varian DS 654 Data System was connected
to the gas chromatograph to process the GC data. Helium
was used as the carrier gas with a flow rate of ca. 6 ml
min~'.

2,2,8-Trimethyl-4H-1,3-dioxino[4,5-c]pyridin-5-ylmethanol
(1). Concentrated H,SO, (96 %, d 1.835, 0.3 ml, 5.4 mmol)
was added to a stirred mixture of pyridoxine hydrochloride
(1.011 g, 4.8 mmol) and acetone dimethyl acetal (5 ml, ca.
40 mmol) in dry CH,Cl, (20 ml). The resulting mixture was
heated to reflux under N, with stirring for 6 h. The dark red
solution was diluted with more CH,Cl, and washed with
saturated aqueous NaHCO,; (15 ml). The layers were sep-
arated and the aqueous phase was extracted once more
with CH,Cl,. The CH,Cl, phases were combined (75 ml),
dried (Na,SO,), and evaporated (rotary evaporator, under
aspirator vaccum) to dryness. Diethyl ether/pentane (2:1,
ca. 30 ml) was added to the yellow residual solid, and the
resulting mixture was refluxed for 30 min with occasional



swirling, during which the initial solids gradually changed
into fine needles. After being allowed to stand at room
temperature for 15 min and at —20°C for 2 h, the first crop
was collected by suction filtration, washed with cold pen-
tane (chilled to —20°C before use), and dried in a 50°C
oven. The off-white needles weighed 856 mg (85 %); m.p.
108.5-109°C (lit. 108-109°C,* 113-115°C,* 111-112°C/}
and 109-111°C’); GLC: a single peak at 12.7 min with
purity higher than 99.76 %. The same yield and purity was
obtained on larger scale.

The last trace of yellow color was removed by treating
the first crop with charcoal (ca. 75 mg) in refluxing diethyl
ether/ethyl acetate (10:1, ca. 35 ml) for 10 min. About two
thirds of the solvent were removed on a rotary evaporator
and the residue was cooled to —20°C for 1 h. Suction
filtration and washing with cold pentane afforded pure
white needles (787 mg, 92 %); m.p. 110°C (very sharp);
'HNMR: §7.92(1H,s),5.16 (1H, t,J5.4Hz), 4.88 2 H,
s), 441 2 H, d,J 54 Hz), 2.28 3 H, s), 1.49 (6 H, s).
BC NMR: § 145.26, 144.90, 138.26, 130.44, 125.04, 99.24,
58.09, 57.73, 24.40, 18.17.

The mother liqour of the first crop was concentrated and
allowed to stand at —20°C for 1.5 h. After filtration and
washing as above, the second crop was obtained as off-
white crystals (49 mg, m.p. 102-104 °C) containing 58 % of
1 and 41 % of 2 as shown by GLC (#; 12.6 min for 1 and
14.0 min for 2).

Acknowledgements. Financial support from the Swedish
Natural Science Research Council is gratefully acknow-
ledged.

SHORT COMMUNICATION

References

1. (a) Chmielewski, J. and Breslow, R. Heterocycles 25 (1987)
533; (b) Kollonitsch, J., Marburg, S. and Perkins, L. M. J. Org.
Chem. 44 (1979) 771; (c) L’vova, S. D. and Mamontova, T. A.
Zh. Org. Khim. 12 (1976) 448; (d) Morisawa, Y., Kataoka, M.,
Watanabe, T., Kitano, N. and Matsuzawa, T. Agric. Biol.
Chem. 39 (1975) 1275; (e) Korytnyk, W. and Paul, B. J. Med.
Chem. 13 (1970) 187; (f) Miihlradt, P. F. and Snell, E. E. J.
Med. Chem. 10 (1967) 129; (g) Korytnyk, W., Paul B., Bloch,
A. and Nichol, C. A. J. Med. Chem. 10 (1967) 345; (h) Brooks,
H. G., Jr., Laakso, J. W. and Metzler, D. E. J. Heterocycl.
Chem. 3 (1966) 126; (i) Tomita, 1., Brooks, H. G. and Metzler,
D. E. J. Heterocycl. Chem. 3 (1966) 178; (j) Korytnyk, W. J.
Med. Chem. 8 (1965) 112; (k) Greene, J. L., Jr., Williams, A.
M. and Montgomery, J. A. J. Med. Chem. 7 (1964) 20.

2. (a) Barner, R. and Boguth, W. Ger. Offen. 2 514 814 (1975);
Chem. Abstr. 84 (1976) 74114w; (b) Maffrand, J. P. and Pe-
reillo, J. M. Ger. Offen. 2 707 135 (1977); Chem. Abstr. 87
(1977) 201327g; (c) Esanu, A. Belg. BE 891 797 (1982); Chem.
Abstr. 97 (1982) 127623p; (d) Shen, T.-Y., Jones, H., Mulvey,
D. M. and Dorn, C. P. Ger. Offen. 2 428 409 (1975); Chem.
Abstr. 84 (1976) 43850d; (e) Schorre, G., Altdorf, U. and
Nowak, H. Ger. 1795809 (1977); Chem. Abstr. 88 (1978)
152440y; (f) Wakabayashi, T., Arai, J., Ichikawa, H. and Mu-
rota, S. Jpn. Kokai Tokkyo Koho JP 60 146 844 [85 146 844]
(1985); Chem. Abstr. 104 (1986) 50683m.

3. Baddiley, J. and Mathias, A. P. J. Chem. Soc. (1952) 2583.

4. Cohen, A. and Hughes, E. G. J. Chem. Soc. (1952) 4384.

5. Korytnyk, W. and Wiedeman, W. J. Chem. Soc. (1962) 2531.

6. Korytnyk, W. J. Org. Chem. 27 (1962) 3724.

7. Nelson, J. T. and Nelson, P. H. Magn. Reson. Chem. 25 (1987)
309.

Received July 19, 1989.

1011



