2532 J. Org. Chem. 1995, 60, 2532—2536

Selective Protection of 1,2- and 1,3-Diols via Acylative Cleavage of
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An efficient two-step method for the differential functionalization of 1,2- and 1,3-diols, involving
regioselective cleavage of five- and six-membered cyclic formals with acetyl chloride followed by
conversion of the resulting chloromethyl ether acetate 1 to an alkoxymethyl ether acetate (2), has
been developed. When applied to unsymmetrically substituted cyclic formals, the differential
functionalization sequence is highly selective and produces an alkoxymethyl ether acetate having
the acetate at the less hindered center and the acetal moiety at the more hindered center. Removal
of either protecting group affords a selectively monoprotected diol: for the case of an unsymmetrical
diol, removal of the acetate gives a product selectively protected with an acetal group at the more

hindered hydroxyl.

The development of efficient methodology for the
selective, differential protection of diols is a perennial
challenge in organic chemistry.! A generally useful
method should allow for monoprotection of symmetrical
diols as well as permit differentiation of the chemically
distinct hydroxyl groups of unsymmetrical substrates.
While a variety of techniques are available for the
monoprotection of symmetrical diols,!? there are few
methods that allow for chemoselective functionalization
of the more hindered hydroxyl group in an unsymmetri-
cally substituted diol.1® A potentially attractive approach
to the differential functionalization of 1,2- and 1,3-diols
was suggested by the results of our previous study of the
acylative ring-opening of cyclic formals.*

As shown below, the acid-catalyzed cleavage of unsym-
metrically substituted cyclic formals with acetic anhy-
dride occurs via preferential rupture of the less congested
C(2)—0 bond to give products having an acetate at the
primary site and an acetoxymethyl ether moiety at the
secondary position.* Such highly selective acylative
cleavage, which results from a rate-limiting electrophilic
attack that is acutely sensitive to steric effects,* was also
observed in the Lewis-acid catalyzed reaction of a limited
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number of cyclic formals with acetyl chloride to afford
chloromethyl ether acetates.* Herein we report that the
regioselectivity of the acylative ring-cleavage of cyclic
formals with AcCL? coupled with inherent reactivity of
the chloromethyl ether moiety, may be exploited for the
selective, differential protection of 1,2- and 1,3-diols.

Results and Discussion

A representative selection of cyclic formals, prepared
from the corresponding diols by the method of Aftalion
and co-workers® or available via the Prins reaction from
an alkene and formaldehyde, were chosen to assess the
efficiency of the two-step preparation of differentially
protected diols depicted in Scheme 1. Acylative cleavage
of the formals was readily accomplished at room tem-
perature by simply stirring an ethereal solution of the
acetal and 1.0—1.2 mol equiv of acetyl chloride in the
presence of a catalytic quantity of anhydrous zinc chlo-
ride. The ring-opening affords chloromethyl ether ac-
etates 1 in virtually quantitative yield with a high degree
of selectivity for cleavage of the C(2)—O bond that is
remote from the substituent (vide infra). While such
products may be isolated by concentration of the reaction
mixture, these difunctional materials are potentially toxic
and, for this reason, it is prudent to avoid isolation of
the chloromethyl ether acetates 1. To this end, the crude
reaction product, containing 1 and residual AcCl, was
added to a solution of an excess of an appropriate alcohol
(typically 4 mol equiv) and N,N-diisopropylethylamine
(typically 1.2 mol equiv) in dry diethyl ether. Under
these conditions, as shown in Scheme 1, the reactive
OCH2Cl moiety of 1 is converted in high yield to a
conventional alkoxymethyl ether protecting group. Pure
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Table 1. Selective Protection of Diols (Scheme 1)

entry acetal ROH product yield,2 %
(product ratio)
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¢ Isolated yield of chromatographically pure product.

alkoxymethyl ether acetates 2 are easily isolated by
pentane elution from a short column of neutral alumina
(Table 1).

The results summarized in Table 1 demonstrate that
the two-step conversion of a cyclic formal to an alkoxym-
ethyl ether acetate (Scheme 1) is efficient and often
highly selective. As noted previously,* the ring-opening
of 4-substituted, 4,4-disubstituted, or 4,5-disubstituted-
1,3-dioxanes proceeds with total specificity within the
limits of detection by GC analysis of the reaction prod-
ucts. Consequently, a single isomer of the differentially
protected diol is afforded by the two-step protocol (Table
1, entries 5—10). The cleavage of five-membered cyclic
formals is less selective and a mixture of regicisomeric
products results (Table 1, entry 2). In an effort to in-
crease the selectivity of the process for the differential
protection of unsymmetrical 1,2-diols, acylative ring-
opening of formals using pivaloyl chloride was explored.

Not surprisingly, the reaction of a cyclic formal with
the more sterically demanding pivaloyl chloride is much
slower than is cleavage with AcCl. Indeed, the ring-
opening of formals with pivaloyl chloride in the presence
of a catalytic quantity of ZnCl; is best conducted at
elevated temperature in a hydrocarbon solvent rather
than in diethyl ether at room temperature. The reactiv-

ity of 1,3-dioxane, illustrated below, is representative of
the sluggish reaction of cyclic formals with this hindered
acid chloride.

Cl
o/\o\’/k MeOH \})\ 0“OCHg

ZnCip (~Pr)aNEt
hexane Et,0
reflux, 4 h 0%

1
\’)\C,

ZnC|2
Et,0
+22°C,1h

no reaction

Treatment of 4-methyl-1,3-dioxolane with pivaloyl
chloride in hexane at reflux followed by conversion of the
resulting chloromethyl ether moiety to the MOM ether
afforded an 88% yield of the two regoisomers, depicted
below, in a ratio of 5.3:1. Thus, the cleavage of 4-methyl-
1,3-dioxolane with pivaloyl chloride is indeed more selec-
tive than is the reaction with AcCl (¢f. Table 1, entry 2).
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Unfortunately, even with this bulky acid chloride, the
ring-opening of unsymmetrically substituted 1,3-diox-
olanes appears to be inherently less regioselective than
the cleavage of analogously substituted 1,3-dioxanes with
AcCl. Be that as it may, the acylative cleavage—etheri-
fication sequence illustrated in Scheme 1 provides a
convenient route to selectively functionalized diols.
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The chemistry summarized in Scheme 1 may be easily
extended to the preparation of monoprotected diols by
selective removal of one of the protecting groups. Since
the two-step differential functionalization sequence
(Scheme 1) invariably produces, either as the sole product
or as the major regioisomer, an alkoxymethyl ether
acetate having the acetate at the primary center and an
acetal moiety at the more congested carbon (Table 1),
removal of the acetate affords a diol that is selectively
protected as an alkoxymethyl ether at the more sterically
encumbered center. As demonstrated by the representa-
tive results summarized in Scheme 2, unmasking the
primary hydroxyl group is a trivial matter: lithium
aluminum hydride reduction or, more economically,
methanolysis affords a diol that is selectively protected
as a MOM ether at the more substituted site. The
capability to site-selectively protect the more hindered
hydroxyl in an unsymmetrical diol is a particularly
attractive feature of the methodology since it comple-
ments the normal chemoselectivity which favors func-
tionalization of the primary site in the reaction of an
unsymmetrical diol with a derivatizing reagent.l?

It might be noted that removal of a MOM or MEM
ether protecting group from an alkoxymethyl ether
acetate derivative of a 1,2- or 1,3-diol is problematic due
to the rapid isomerization of the monoacetate product in
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the presence of trace amounts of base or acid.” However,
as illustrated in Scheme 2, the BOM ether group (Table
1, entry 7) is readily removed by hydrogenolysis under
neutral conditions to give isomerically pure monoacetate
in high yield.

In summary, the two-step preparation of differentially
protected 1,2- and 1,3-diols depicted in Scheme 1 provides
a convenient, efficient and highly selective route to these
useful materials. As a practical matter it should be noted
that the methodology, which employs inexpensive, readily
available reagents, has been used to prepare differen-
tially protected diols in quantities ranging from 10 mmol
to 1.0 mol with little change in protocol.

Experimental Section

General. General spectroscopic and chromatoegraphic pro-
cedures as well as methods used for the purification of reagents
and solvents have been previously described.* NMR spectra
were recorded using solutions in CDCl; unless otherwise noted
and all chemical shifts are reported relative to Me,Si at 6 =
0.00.

Acetyl chloride and pivaloyl chloride were freshly distilled
at atmospheric pressure in an apparatus protected from
moisture; N,N-diisopropylethylamine was distilled from pow-
dered NaOH; diethyl ether was freshly distilled from dark-
purple solutions of sodium/benzophenone. Literature proce-
dures were followed for the preparation of 4-isopropyl-1,3-
dioxane® and trans-1,3-dioxadecalin;® the remaining formals
are either commercially available or were prepared as previ-
ously described.*

General Procedure for the Preparation of Differen-
tially Protected 1,2- or 1,3-Diols (Scheme 1). An ap-
propriately sized flask, fitted with a magnetic stirrer and
addition funnel capped with a rubber septum was flame-dried
under nitrogen. The flask was charged with 50 mmol of the
cyclic formal, 30 mL of anhydrous diethyl ether, and a catalytic
quantity of anhydrous zinc chloride (ca. 1 crystal or 2 drops
of a 1.0 M solution of ZnCl; in Et20). This solution was stirred
under a positive pressure of nitrogen, a solution of 60 mmol
of freshly distilled acetyl chloride in 30 mL of anhydrous
diethyl ether was added dropwise, and the resulting solution
was stirred for 1 h at room temperature.? A separate dry
round-bottomed flask, fitted with a mechanical stirrer and
addition funnel, and charged with a solution of 1.2 mol equiv
of freshly distilled N,N-diisopropylethylamine and 4.0 mol
equiv of an anhydrous alcohol in ca. 10 mL of anhydrous
diethyl ether was immersed in an ice bath. The crude
chloromethyl ether acetate reaction mixture was transferred
to the addition funnel via a cannula under a positive pressure
of nitrogen and the solution was added dropwise to the ice-
cold mixture of alcohol and amine. Copious quantities of
ammonium salt formed during the addition. After complete
addition, the cooling bath was removed, and the reaction
mixture was stirred for 1 h at room temperature. The reaction
mixture was then concentrated at reduced pressure, pentane
was added to the residue, and the flask was cooled to induce
crystallization of the ammonium salts. The supernatant was
passed through a short column of neutral alumina (ca. 30 g
for a 50 mmol-scale reaction) using pentane as the eluent.
Removal of the solvent by rotary evaporation afforded es-
sentially pure alkoxymethyl ether acetate in the yields given
in Table 1.
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Am. Chem. Soc. 1988, 110, 2909.
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(9) If desired, the chloromethyl ether acetate product may be isolated
in essentially quantitative yield by concentration of the reaction
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University of Connecticut, Storrs, CT, 1983.
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1-Acetoxy-2-(methoxymethoxy)ethane (Table 1, entry 1) is
a known compound: bp 168—170 °C (760 mm) [lit.}° bp 184
°C (760 mm)]. The structures of the remaining products were
established on the basis of the data presented below; product
yields are given in Table 1.

1-Acetoxy-2-(methoxymethoxy)propane and 2-Acetoxy-
1-(methoxymethoxy)propane (Table 1, entry 2). A 3.0:1.0
mixture of the title compounds, bp 95 °C (29 mm), was
separated and analytically pure samples were prepared by
preparative GC on a 10-ft, 5% TCEP on Chromasorb G (AW-
DMCS) column at 139 °C. The major product, which had the
longer retention time, was found to be 1l-acetoxy-2-(meth-
oxymethoxy)propane on the basis of the following spectro-
scopic data: IR (neat) 2950, 2900, 1750, 1450 cm.”!; 'H NMR
6 4.69 and 4.68 (AB, Jas = 0.8 Hz, 2H), 4.09—4.05 (m, 2H),
3.98-3.92 (m, 1H), 3.38 (s, 3H), 2.09 (s, 3H), 1.21 (d, J = 6.32
Hz, 3H); 3C NMR 6 170.6, 95.1, 70.7, 67.4, 55.1, 20.6, 17.1.
Anal, Caled for C-H1404: C, 51.84; H, 8.70. Found: C, 51.69;
H, 8.60. The minor isomer was found to be 2-acetoxy-1-
(methoxymethoxy)propane on the basis of the following
spectroscopic properties: IR (neat) 2940, 2890, 1740, and 1450
cm~l; 'H NMR 6 5.16—5.01 (m, 1H), 4.64 (apparent s, 2H),
3.57 (d, J = 5.00 Hz, 2H), 3.37 (s, 3H), 2.07 (s, 3H), 1.26 (d, J
= 6.50 Hz, 3H); 13C NMR 6 170.5, 96.5, 69.9, 69.4, 55.2, 21.2,
16.6. Anal. Caled for C1H1404: C, 51.84; H, 8.70. Found: C,
51.47; H, 8.68.

1-Acetoxy-3-(methoxymethoxy)propane (Table 1, entry
3): bp 94—96 °C (20 mm); IR (neat) 2920, 2870, 1740, 1380,
1360 cm~!; 'H NMR 6 4.61 (s, 2H), 4.18 (t, J = 6.50 Hz, 2H),
3.60 (t, J = 6.21 Hz, 2H), 3.35 (s, 3H), 2.05—1.85 [overlapping
patterns, 5H, i.e., 2.05 (s, 3H), 1.92 (apparent pentet, J = 6.32
Hz, 2H)]; 13C NMR 6 170.7, 96.2, 64.0,61.4, 55.0, 28.9, 20.6.
Anal. Caled for CtH1404: C, 51.84; H, 8.70. Found: C, 51.80;
H, 8.78.

1-Acetoxy-2,2-dimethyl-3-(methoxymethoxy)propane
(Table 1, entry 4): bp 108—110 °C (15 mm); IR (neat) 2960,
2820, 1740, 1475, 1375 em™%; 1H NMR ¢ 4.44 (s, 2H), 3.78 (s,
2H), 3.23 (s, 2H), 3.19 (s, 2H), 1.98 (s, 3H), 0.91 (s, 6H); 13C
NMR 6 170.8, 96.6, 73.3, 69.6, 54.9, 35.1, 21.9, 20.8. Anal.
Caled for CoH1s04: C, 56.82; H, 9.54. Found: C, 56.99; H, 9.80.

1-Acetoxy-3-(methoxymethoxy)butane (Table 1, entry
5): bp 95—98 °C (20 mm); IR (neat) 2970, 1740, 1365, 1245,
em™}; 'H NMR 6 4.70 and 4.60 (AB, Jar = 6.90 Hz, 2H), 4.17
(t, J = 6.63 Hz, 2H), 3.82 (apparent sextet, J = 6.42 Hz, 1H),
3.36 (s, 3H), 2.05 (s, 3H), 1.85—1.76 (m, 2H), 1.20 (d, J = 6.2
5 Hz, 3H); 13C NMR 6 170.7, 95.1, 70.1, 61.4, 55.3, 36.2, 20.8,
20.5. Anal. Caled for CsH1604: C, 54.53; H, 9.15. Found: C,
54.55; H, 9.12.

1-Acetoxy-3-[(methoxyethoxy)methoxylbutane (Table
1, entry 6): bp 113—116 (3.4 mm); IR (neat) 2970, 2930, 2885,
2820, 1740, 1454, 1369 cm™!; 1H NMR 6 4.79 and 4.71 (AB,
Jas = 7.14 Hz, 2H), 4.16 (t, J = 6.53 Hz, 2H), 3.91-3.82 (m,
1H), 3.73—3.68 (m, 2H), 3.58—3.53 (m, 2H), 3.40 (s, 3H), 2.05
(s, 3H), 1.85~1.75 (m, 2H), 1.21 (d, J = 6.19 Hz, 3H); 13C NMR
4170.9,93.9,71.8, 70.1, 66.9, 61.3, 58.9, 36.0, 20.8, 20.3. Anal.
Caled for C1oHgoOs: C, 54.53; H, 9.15. Found: C, 54.44; H,
9.25.

1-Acetoxy-3-[(benzyloxy)methoxylbutane (Table 1, en-
try 7): bp 136—138 °C (0.85 mm); IR (neat) 3065, 3035, 2970,
2890, 1740, 1496, 1452 em~1; 'H NMR 6 7.34—7.26 (m, 5H),
4.86 and 4.73 (AB, Jas = 7.16 Hz, 2H), 4.61 (s, 2H), 4.20 (¢, J
= 6.48 Hz, 2H), 3.97—3.87 (six lines, J = 6.26 Hz, 1H), 2.02
(s, 3H), 1.87—1.79 (m, 2H), 1.24 (d, J = 6.11 Hz, 3H); 13C NMR
6170.9, 137.9, 128 .4, 127.7, 127.6, 93.0, 70.1, 69.4, 61.3, 36.0,
20.8, 20.3. Anal. Caled for Ci4H304 C, 66.65; H, 7.99.
Found: C, 66.76; H, 8.20.

1-Acetoxy-3-(methoxymethoxy)-4-methylpentane (Table
1, entry 8): bp 97-98 °C (6.8 mm); IR (neat) 2960, 2880, 1740,
1465, 1365 cm~!; 1TH NMR 6 4.66 and 4.62 (AB, Jxs = 6.90 Hz,
2H), 4.22—4.13 (m, 2H), 3.47~3.38 [overlapping patterns, i.e.,
3.47-3.43 (m, 1H), 3.38 (s, 3H)], 2.05 (s, 3H), 1.94—1.72 (m,
3H), 0.92 (4, J = 6.83 Hz, 3H), 0.91 (d, J = 6.83 Hz, 3H); 13C

(10) Rakhmankulov, I. L.; Kantor, E. A,; Valitov, R. B.; Rakhman-
kulov, D. L. Zh. Prikl. Khim. 1977, 50, 220.
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NMR 6 170.7, 96.2, 79.6, 61.6, 55.5, 31.1, 29.6, 20.7, 17.9, 17.3.
Anal. Caled for C1oHzO4: C, 58.80; H, 9.87. Found: C, 58.90;
H, 9.95.

1-Acetoxy-3-(methoxymethoxy)-3-methylbutane (Table
1, entry 9): bp 59—64 °C (1.6 mm); IR (neat) 2990, 2940, 1750,
1475 cm™!; 'H NMR 6 4.55 (s, 2H), 4.07 (t, J = 7.02 Hz, 2H),
3.25 (s, 3H), 1.98 (s, 3H), 1.80 (t, J = 7.02 Hz, 2H), 1.23 (s,
3H); ¥C NMR 6 170.8, 91.0, 74.9, 61.1, 55.1, 40.5, 26.6, 20.9.

trans-1-(Acetoxymethyl)-2-(methoxymethoxy)cyclo-
hexane (Table 1, entry 10): bp 88—89 °C (0.85 mm); IR (neat)
2920, 2850, 1740, 1450, 1370 cm~!; 'H NMR ¢ 4.73 and 4.56
(AB, Jap = 6.90 Hz, 2H), 4.26—4.04 (m, 2H), 3.43-3.27
[overlapping patterns, i.e., 3.35 (s, 3H), 3.40—-3.20 (m, 1H)],
2.05 (s, 3H), 1.84—1.14 (m, 9H); 8C NMR ¢ 70.9, 95.0, 76.3,
65.8, 55.3, 42.7, 32.0, 28.8, 24.9, 24.4, 20.6. Anal. Calcd for
C11Hz004: C, 61.09; H, 9.32. Found: C, 60.96; H, 9.60.

8-(Methoxymethoxy)-1-(trimethylacetoxy)propane. A
solution of 0.64 mL (7.5 mmol) of 1,3-dioxane, 1.2 mL (10
mmol) of pivaloyl chloride, and a catalytic amount of anhy-
drous ZnCl; in 5.0 mL of dry hexane was stirred for 4 h at
reflux. Hexane was removed under a strong stream of
nitrogen, the crude chloromethyl ether was diluted with 5 mL
of dry diethyl ether, and the ethereal solution was transferred,
via metal cannula, to a previously flame~dried addition funnel
mounted on a two-necked 50-mL round-bottomed flask. The
flask was fitted with a magnetic stirring bar, charged with
1.4 mL (8.0 mmol) of N,N-diisopropylethylamine, 1.2 mL (30
mmol) of anhydrous methanol, and 5.0 mL of anhydrous
diethyl ether, and cooled in an ice-bath. The ethereal solution
of chloromethyl ether was added dropwise to the alcohol
solution, the ice-bath was then removed, and the solution was
allowed to stand at room temperature with stirring for 2 h.
The reaction mixture was worked-up as described above, and
the residue was distilled to afford 1.32 g (86%) of the title
compound: bp 113-116 °C (45 mm). An analytically pure
sample was prepared by preparative GC on a 10 ft, 10% FFAP
Chromosorb W (NAW 80/100 mesh) column at 160 °C: IR
(neat): 2920, 1728, 1475, 1460, 1393 em™!; TH NMR 6 4.62 (s,
2H), 4.17 (t, J = 6.34 Hz, 2H), 3.61 (t, J = 6.25 Hz; 2H), 3.36
(s, 3H), 1.93 (apparent pentet, J = 6.30 Hz, 2H), 1.20 (s, 9H);
13C NMR 6 178.4, 96.4, 64.0, 61.3, 55.1, 38.7, 29.0, 27.2. Anal.
Caled for C1oH2004: C, 58.80; H, 9.87. Found: C, 58.70; H,
9.85.

2-(Methoxymethoxy)-1-(trimethylacetoxy)propane and
1-(Methoxymethoxy)-2-(trimethylacetoxy)propane. Fol-
lowing the procedure described immediately above, 0.66 g (7.5
mmol) of 4-methyl-1,3-dioxolane was converted into a 5.3:1
mixture of the title compounds, bp 86-90 °C (13 mm). The
isomers were separated and analytically pure samples were
prepared by preparative GC on a 10-ft, 10% FFAP on Chro-
mosorb W (NAW, 80/100 mesh) column at 140 °C. The major
product, which had the longer retention time, was found to be
2-(methoxymethoxy)-1-(trimethylacetoxy)propane on the
basis of the following spectroscopic data: IR (neat) 2985, 1733,
1481, 1461, 1400, 1368 cm™%; 'H NMR 6 4.70 (apparent s, 2H),
4.05 (d, J = 5.23 Hz, 2H), 3.94 (m, 1H), 3.39 (s, 3H), 1.22 (s,
9H), 1.21 (d, J = 6.29 Hz, 3H); 13C NMR ¢ 178.3, 95.3, 71.0,
67.5,55.3, 38.7, 27.2,17.4. Anal. Calced for Cy0Hg0O4: C, 58.80
H, 9.87. Found: C, 58.72; H, 10.00. The minor isomer was
identified as 1-(methoxymethoxy)-2-(trimethylacetoxy)-
propane on the basis of the following properties: IR (neat)
2977, 2823, 1729, 1480, 1460, 1398 cm™!; 'H NMR 4 5.05 (m,
1H), 4.62 (s, 2H), 3.55 (d, J = 5.93 Hz, 2H), 3.35 (s, 3H), 1.21
(d, J = 6.48 Hz, 3H), 1.18 (s, 9H); 13C NMR 6 178.0, 96.5, 70.0,
69.0, 55.2, 38.7, 27.1, 16.6.

3-(Methoxymethoxy)-1-butanol. A mixture of 2.40 g
(13.6 mmol) of 1-acetoxy-3-(methoxymethoxy)butane, 25 mL
of methanol, and 68 mL of 0.5 M aqueous potassium carbonate
was stirred for 1.5 h at room temperature and then extracted
with two 25-mL portions of ether. Solid sodium chloride (ca.
6 g) was added to the aqueous layer, and the mixture was
extracted with an additional three 25-mL portions of ether.
The combined organic extracts were dried (K2CO3) and con-
centrated at reduced pressure to afford an oil that was distilled
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to give 1.79 g (99%) of product: bp 60—61 °C (1.9 mm) [lit.1!
bp 67—69 °C (5 mm)}; ‘H NMR (DMSO-ds) § 4.60 and 4.54
(AB, Jas = 6.78 Hz, 2H), 4.36 (t, J = 4.83, 1H), 3.80—3.68 (m,

1H), 3.47 (apparent q, J = 5.89 Hz, 2H), 3.25 (s, 3H), 1.71— -

1.44 (m, 2H), 1.10 (d, J = 6.20 Hz, 3H); 13C NMR (DMSO-de)
6 94.4, 70.1, 57.7, 54.6, 40.0, 20.4.

trans-1-(Hydroxymethyl)-2-(methoxymethoxy)cyclo-
hexane. A mixture of 2.00 g (9.30 mmol) of trans-1-(ac-
etoxymethyl)-2-(methoxymethoxy)cyclohexane, 17.0 mL of
methanol, and 50 mL of 0.5 M aqueous potassium carbonate
was stirred and heated at reflux for 4 h. The reaction mixture
was cooled to room temperature, and then extracted with two
25-mL portions of diethyl ether. Solid sodium chloride (ca.
10 g) was added to the aqueous layer, and the mixture was
extracted with an additional three 25-mL portions of diethyl
ether. The combined organic extracts were dried (K.COs) and
concentrated at reduced pressure to afford an oil that was
distilled to afford 1.45 g (90%) of product: bp 89-92 °C (1.1
mm). An analytically pure sample was prepared by prepara-
tive GC on a 9-ft, 10% FFAP on Chromasorb W (NAW, 60/80
mesh) column at 175 °C: IR (neat) 3440, 2930, 2855, 1450,
1380 cm™!; 'H NMR 0 4.80 and 4.61 (AB, Jas = 6.77 Hz, 2H),
3.67-3.61 (m, 2H), 3.41 (s, 3H), 3.54—3.38 (m, 1H), 2.85 (t, J
= 5.60 Hz, 1H), 2.13—2.06 (m, 1H), 1.85-1.13 (m, 8H); 1C
NMR 6 94.7, 79.5, 65.9, 55.4, 45.4, 31.7, 27.9, 25.0, 24.4. Anal.
Caled for CgH1503: C, 62.04; H, 10.41. Found: C, 61.94; H,
10.71.

(11) Safarou, M. G.; Rakhmankulov, D. L.; Safarova, V. G.; Komis-
sarou, V. D. Izv. Akad. Nauk. SSSR, Ser. Khim. 1976, 6, 1393.
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The title compound was also prepared by reduction of 1.21
g (6.59 mmol) of trans-1-(acetoxymethyl)-2-(methoxymethoxy)-
cyclohexane with 0.50 g (13.2 mmol) of lithium aluminum
hydride in 20 mL of anhydrous diethyl ether to give, following
workup, 0.970 g (99%) of the MOM-ether.

4-Acetoxybutan-2-ol. A thick-walled bottle was charged
with 2.19 g (8.68 mmol) of 1-acetoxy-3-[(benzyloxy)methoxy]-
butane, 50 mL of anhydrous diethyl ether, and 0.70 g of 10%
palladium on activated carbon. The mixture was attached to
a hydrogenation apparatus and, once evacuated, hydrogen gas
was added until the pressure in the bottled reached 30 psi.
Agitation of the mixture resulted in a rapid (ca. 10 min)
pressure drop to 14 psi. Hydrogen gas was again added until
the pressure in the bottled reached 25 psi, and agitation was
continued for 1 h. The reaction mixture was filtered through
a pad of Celite, and solvent was removed to give an oil which
was distilled to give 1.04 g (91%) product: bp 94—96 °C (10
mm) [lit.!2 bp 87—89 °C (13 mm)]; IR (neat) 3435, 2970, 2940,
1740, 1372 em~; 'H NMR (DMSO-ds) 6 4.55 (d, J = 4.89 Hz,
1H), 4.05 (t, J = 6.67 Hz, 2H), 3.75—3.61 (m, 1H), 1.98 (s, 3H),
1.64—1.54 (m, 2H), 1.07 (d, J = 6.20 Hz, 3H).
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