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Note

Some aspects of the reaction of glycerol with 2,2-dimethoxypropane*
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There are few substantiated examples of the formation of six-membered cyc-
lic acetals from the reaction of ketones with acyclic polyhydric alcohols having
three or more contiguous hydroxyl groups' ™. Certain O-substituted polyhydric al-
cohols yielded six-membered isopropylidene derivatives when altcrnatives were
precluded® 7. Acetalation is usually conducted in the presence of acid catalysts and
an equilibrium is established eventually, the composition of the product mixture
being determined by the relative frec energics of the various cyclic acetals that can
be formed. The high non-bonded interactions associated with an axial alkyl group
on C-2 of a 1,3-dioxanc ring explains the reluctance of polyhydric alcohols to vield
six-membered cyclic ketals®. The preferred, five-membered dioxolane ring is
stabilised by a small gem-dimethyl effect” that allows greater puckering of the ring,
thereby reducing the torsional strain. Thus, acid-catalysed condensation of acetonc
with glycerol (1) gives 1.2-O-isopropylidene-DiL-glycerol (2) almost exclusively!”,
The corresponding 1,3-O-isopropylidene derivative (3) is formed only in trace
amounts. Tt can be synthesised indirectly’!'" and is also formed'”, but in Jow yicld
(2%). by the low-temperature, dilute acid-catalysed equilibration of 2.

In continuation'! of acetalation studies. the treatment of 1 with 2,2-di-
methoxypropane under neutral conditions is now described and shown to yield a
mixture of 2, 3 (in relatively high amounts compared to the normal acid-catalysed
reaction), and two new acetals of acetone containing 1.2-0-isopropylideneglycerol
residues.
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Fig. 1. Gas chromatogram of the products from the reaction of 1 with 2.2-dimcthoxypropane—1,2-di-
methoxyethane.

Anhydrous glycerol (1), when treated with a boiling mixture of 2,2-di-
methoxypropane—1,2-dimethoxyethane for 72 h, gave four products, as shown by
g-l.c. (Fig. 1). Peaks B (37%) and C (6%) were identitied as 2 and 3, respectively,
by co-injection with authentic samples. Peaks A (50%) and D (7%) were also
formed when compound 2 was treated under similar conditions and were con-
sidered to be mixed cyclic—acyclic acetals of acetone formed, presumably, by suc-
cessivé interchange of the methoxyl groups on 2,2-dimethoxypropane with 2.

Treatment of 2 with one equivalent of boiling 2,2-dimethoxypropane in 1,2-
dimethoxyethane gave a mixture of A, 2, and D in the ratios 1:3:3. Fractional
distillation of the crude product in vacuo gave 31% of D, the elemental analysis of
which was consistent with structure 4. The mass spectrum of D did not contain a
peak for the molecular ion, but contained a peak at m/z 289 for (M — CH;)*
characteristic of O-isopropylidenealditols'?. Furthermore, the presence of peaks at
m/z 173 (M — 101)*, 101, 73, 59, and 43 were consistent with structure 4.

The *C-n.m.r. spectrum indicated D to be a mixture of the stereoisomers 4a
and 4b. The signal for the acctal carbons of the 1,2-O-isopropylidene groups was
at 109.3 p.p.m., and that for the non-acyclic acetal carbon at 100.2 p.p.m. The ring
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methylene carbons gave a singlet at 75 p.p.m., and the methine carbons a singlet
at 67 p.p.m., with line broadening of ~0.78 and 1.5 Hz, respectively. The exocyclic
methylene carbons were not equivalent and gave singlets at 62.37 and 62.08 p.p.m.
The CMe; groups of the cyclic isopropylidene acetals gave signals at 26.75 and 25.5
p.p-m., and the acyclic acetal a signal at 24.8 p.p.m. The 'H-n.m.r. spectrum. as
expected for a mixture of da and 4b. was composed of two overlapped spectra. The
CMe, groups of the |.2-O-isopropylidene groups gave characteristic” singlets at
1.38 and 1.42 p.p.m. The CMe; groups of the acvclic acetal gave a singlet at 1.36
p.p.m. The remaining protons could be assigned as follows: 3.49 (m, exocyclic
methylene), 3.73 (m) and 4.05 (dd, dioxolane methylene), and 4.23 (i, dioxolane
methine ). The combined spectral evidence confirmed structures 4a and 4b.

When 2 was treated with a large excess of boiling 2.2-dimethoxypropune-1.2-
dimethoxyethanc, the product contained (g.l.c.) 70% of A, which was isalated by
fractional distillation in vacuo. Elemental analysis was consistent with structure 8,
resulting from the exchange of only one methoxy! group on 2 .2-dimethoxypropane
by 2. The mass spectrum of A did not contain a peak for the molecular ion, but con-
tained a characteristic ion with m/z 173. Also present were peaks at mn/z 117, 115,
101, and 73. which were in accordance™ with the structure. This was supported
further by the "*C-n.m.r. spectrum. in which the signal for the quaternary carbons
of the cyclic and acyclic acetals appeared at 109.3 and 1061 p.p.m.. respectively.
The signal of the sccondary carbon of the dioxolane ring was at 75.1 p.p.m.. and
those of the two methylene carbons were at 67.15 and 62.23 p.p.m. Ihe signal for
the methoxyl carbon was at 48.4 p.p.m. The CMe, group of the [.2-O-is0-
propylidenc residue gave signals at 26.8 and 25.6 p.p.m.. whercas those ot the
acyclic group appeared as a singlet at 24 4 p.p.m.

The structure § was supported also by the "H-n.m r. spectrum. which was a
first-order. ABMXY five-spin system. A portion (3.3—4.4 p.p.m.) of the spectrum
isshown inFig. 2(Jo, 1n = o, 20 = o = 0.1, 10 9.7, 0, 5, 8.1 H7),
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Fig. 2. P.m.r. spectrum of 2-(2.2-dimethyl-1.3-dioxolan-4-ylmethoxy)-2-methoxypropane (5); CDCl;
solution at 200 MHz.

The MeO protons resonated as a singlet at 3.21 p.p.m., which is close to the
value'® for 2,2-dimethoxypropane. The CMe, group of the acyclic residue gave a
singlet at 1.35 p.p.m.. and those of the 1,2-O-isopropylidene group gave two
singlets at 1.37 and 1.425 p.p.m.

G.l.c. of the products of the treatment of 4 and 5 with boiling aqueous
methanol in 1,2-dimethoxyethane for 36 h revealed that only 2 was present. Treat-
ment of the distillate from the above mixtures with p-nitrophenylhydrazine—acetic
acid yielded acetone p-nitrophenylhydrazone (6). The distillate after similar treat-
ment of 2 did not yield 6.

The interchange of alkoxyl groups of acetals with primary hydroxyl groups
has been ncted!®17, but secondary hydroxyl groups are unreactive!”-!® unless they
are sufficiently acidic'®. Thus, 2,3:5,6-di-O-isopropylidene-a-D-mannofuranose, of
which HO-1 is sufficiently acidic to form saits with strong bases®”, undergoes rapid
interchange with 2,2-dimethoxypropane?'. The interchange is also temperature-de-
pendent, as treatment of 2 with 2,2-dimethoxypropane at room temperature for 72
h did not yield 4 or 5.

Treatment of 1 with boiling 2,2-dimethoxypropane in the absence of 1,2-di-
methoxyethane gave a mixture of 2 (30%), 3 (11%), 4 (15%), and 5 (52.5%). Two
other products (7T 1.06, 3%; T 1.74, 2%) were presumed to be the 1,3-O-iso-
propylidene analogues of 4 and 5 because, on treatment with boiling aqueous
methanol in 1,2-dimethoxyethane, these products disappeared (g.l.c.) and the
proportions of 2 and 3 increased.

The reaction of hexitols with 2,2-dimethoxypropane under non-acid-
catalysed conditions requires the presence of a bifunctional ether®?, but 1 appears
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to be sufficiently acidic to react without assistance. T'he addition of a small propor-
tion of dimethyl sulfoxide to the usual reaction mixture 1-2_ 2Z-dimethosvpropane-
1,2-dimethoxyethane increascd the yield of 3 (16,57 ). which was formed together
with 2 (509, 5 {33%:), and a trace of 4. The omission of 1. 2-dimethoxvethane did
not change the proportions of the products. The presence of 2 and 3 1o this mixture
was confirmed by application. in sequence, of benzyl bromide-sodium hydnde,
agueous 8O% acetic acid, and toluenc-p-sulphonyl chloride—pyridine. Column
chromatography then gave the known” ' 2% ditosylates of 1- and 2-Q-benzyiglyeerol.

When 1 was treated with boiting 2.2-dimethosypropane—cthyt acetate, the
product contained 2-8 in yiclds of 41, 10.5. 23.5, and 2577 . respectively. Treatment
of I with 2.2-dimethoxypropane--f.2-dimethoxvethane ut room temperature for 72
h resulted in a reduced yield (3197 ) of products comprising 2 (97% 1and 3 (37 ). No
acetal migration occurred when 2 and 3 were treated under stimilar reaction condi-
tions,

Treatment of 1 with A .N-dimethyllormamide - 2.2-dimethoxypropane-to-
luenc-p-sulphonic acid gave 919 of 2 and ~

¢ of 3. proportions normally
found’”.'? in the thermodynamicatly controlled, acid-catalysed acetonation of 1.

The results of acctonation of glycerol under neutral conditions differ from
those of the acid-catalysed reaction, in that the conditions which facilitate acetal
migration and isomerisation arc absent. Once a product has been tormed in the ab-
sence of an acid catalyst, it will not rearrange. On elevation of the temperature (to
~80%) in such reactions. the conformer population will alter because of increased
rotational-vibrational freedom and a decrease in hvdrogen bonding, in turn. the
rates of formation of the various products will alter and this is reflected in the in-
creased proportion ot 3 in the product mixture.

EXPERIMENTAL

T.l.c. was performed as described previously''. Mass spectra were recorded
with a Finnigan 3100 mass spectrometer. using the direct-insertion technique.
G.l.e. was performed on a Varian 3700 gas chromatograph. using a fused-silica
capillary column (25 m) of CP wux 51 and a temperature programme of +4/min
from 80—170°, with helium as carrier gas at 18.5 p.s.i. (1.1 mL/min): split ratio.
1:400. Where necessary. rotention times (77) and lincar responses were determined
with authentic samples. N.m.t. spectra were recorded with Bruker WP-oU (''C)
and Nicolet NT 200 ("H at 200 MTz) spectrometers for CDCI, solutions (1nternal
Me ,Siy.

Reactions  of glyceras! (V). — (a) With 2.2-dimethoxypropane~I,2-di-
methoxvethane. Vo a vigorously stirred mixture of 1 (3 g) and 1. 2-dimethoxyethane
(10 mL) was added 2 2-dimethoxypropane (15 mi.), and the mixture was heated
under reflux with continuous stirring tor 72 h. The cooled solution was concen-
trated i vacuo at 35° and a solution of the residuc in cthyl acctate (600 mL) was
rapidly shaken with ice—water (15 mbL), dried (NaSO,). and concenrrated in vacuo.
The ity residue (3.74 g) was subjected to gl
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When a similar reaction mixture was stirred at room temperature for 72 h,
followed by work-up in the same manner, the yield of product was 2.1 g (319%).

(b) With 2,2-dimethoxypropane—l[,2-dimethoxyethane—-dimethyl sulphoxide.
Glycerol (1, 3 g) was treated as in (a). except that dimethyl sulphoxide (5 mL) was
added to the reaction mixture (yield of product, 4.2 g).

In another experiment. 2.2-dimethoxypropane (15 mL) was added to a vigor-
ously stirred mixture of 1 (4.6 g). 1,2-dimethoxyethane (25 mlL.), and dimethyl sul-
phoxide (10 mL). and the mixture was heated under reflux with continuous stirring
for 72 h. The cooled solution was concentrated in vacuo. and the oily residue was
stirred vigorously with 1,2-dimethoxycthane (20 mL.). Methanol (20 mL) and water
(10 mL) were then added and the mixture was heated under reflux with continuous
stirring for 24 h.

The cooled mixture was concentrated in vacuo and ethanol (3 X 25 mL) was
distilled in vacuo from the residue. To a solution of the residue in 1,2-di-
methoxyethanc (30 mL) was added sodium hydride (1.29 g) with rapid stirring
(temperature maintained below 5°). After 40 min, the thick suspension was stirred
with a solution of benzyl bromide (9.4 g) in 1.2-dimethoxycthane (20 mL) at <<0°.
The mixture was kept overnight at room temperature and then cooled to —10°,
ice-water (10 mL) was added slowly, the resulting mixture was concentrated in
vacuo, and a suspension of the residue in water (50 mL) was extracted with di-
chloromethane (3 X 50 mL). The combined extracts were washed successively with
water (20 mL). 2M hydrochloric acid (20 ml.), saturated aqueous sodium hydrogen-
carbonate (20 ml.), and water (20 mL), dried (Na,SQ,). and concentrated in vacuo.
A solution of the crude. syrupy product in acetic acid (40 mL) was treated with
water (10 mL), and the mixture was heated at 100° for 2 h. Evaporation of the sol-
vents, followed by distillation of cthanol (3 X 25 ml.) from the residue, afforded a
gum (4.8 g). A solution of this product in dry pyridine (25 mL) was stirred with to-
luene-p-sulphonyl chloride (10.05 g) at room temperature for 48 h and then
worked-up in the usual manner. The resulting syrup (11.3 g) was eluted from
Kicselgel 60 (Merck, 240 g) with 1,2-dimethoxyethane—cyclohexane (1:1), to give,
first, 2-O-benzylglycerol 1.3-ditoluene-p-sulphonate (0.76 g. 3.1%), m.p. 109-111°
{from ethanol); 1it.> m.p. 110-112°. Eluted second was 1-O-benzylglycerol 2,3-di-
toluene-p-sulphonate (9.9 g, 40.5%), m.p. 60-64° (from ether): lit.>* m.p. 65-67°;
lit.>* m.p. 60—61°.

(¢) With 2,2-dimethoxypropane—ethyl acetate. Compound 1 (3 g) was treated
as in (a) except that 1,2-dimethoxyethane (15 mL) was replaced by an equivalent
volume of ethyl acctate (yield of product, 3.56 g).

{d) With 2,2-dimethoxypropane. A suspension of 1 (3 g) in 2,2-dimethoxy-
propane (20 mL) was heated under rcflux with continuous stirring for 72 h. The
cooled, homogeneous solution was worked-up as in (a) (yicld of product, 3.82 g).

(e} With 2 2-dimethoxypropane--N N-dimethylformamide—toluene-p-sul-
phonic acid. To a solution of 1 (3 g) in N.N-dimethylformamide (15 mL) were
added 2.2-dimecthoxypropanc (15 mL) and toluenc-p-sulphonic acid monohydrate
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(25 mg). The mixture was stirred for 2 h at room temperature and then de-aciditicd
with Amberhte TR-45 (HO ) resin. The resin was collected and washed with
methanol (3 < 20 ml.), and the combined filtrate and washings were treated with
tricthylamine (0.05 mlL.) and then concentrated i vacno. A solution of the oily re-
sidue 1n ethyl acetate (100 ml) was shaken with water (3 « 153 mL). dned
(Nu-S0;)., and concentrated in vacro. The syrupy residue was distilted to give 1.2-
O-isopropylidene-Di-glycerol (20 391 g 919 ). b.p. RILRI- 11 mmHg. Ht. ™ bop.
80--80. 5712 mmHg.

Reaction of (2) with 2, 2-dimethoxypropane=1, 2-dimethoxyvethane, — A solu-
tion of 2 (10 gy in 1.2-dimethoxyvethane (30 mL) was treated with 2 2-dimethoxy -
propanc (9.3 ml. I equiv.), and the mixture was heated under reflux with contmu-
ous stirrng tor 68 h. The cooled solution was concentrated e vacieo at 357 and the
oily residue was fractionally distildled. to give 2 (2.9 ¢, 2977) b.p. 32-55-3 mmHg,
and 2.2-bis(2_2-dimcthyl-i.3-dioxolan-4-ylmcthoxy)propanc (4: 3.37 g 31%¢), b.p.
1201223 mmblg, nf) 1411 (Found: C, 592 119 4. O H-,0, cale - ¢ 5920 H,
9377 ).

Treatment of a solution of 2 (10 g) in 1.2-dimethoxyethane (#) mL) with 2.2-
dimethoxypropane (50 mL) in a similar manner gave 2 (0.94 g, 9.4 ), b p. 32547
3 mmHg, and 2-(2.2-dimethyl-1.3-dioxolan-4-ylmethoxy)-2-methoxy propane (5:
8.2 g. 5397 ). b.p. 69-71°3 mmHg. #iy 14242 (Tound: €', S8 4: H. v.8 C H,.0;
cale.: CUA8K: H. 9.970).

An intermediate fraction containing 2, 4, and 5 was discarded

A solution of 5 (1.5 g) in 1,2-dimethoxyethane (10 mL) was treated with
methanol (6 mL.) and water (10 ml.), and the mixture was heated under reflux with
stirring for 36 h. The mixture was then distilled at 1007 (bath), and the distillate was
treated with p-nittophenylthvdrazine (1.0 g} and acetic acid (1.5 mL) at 507 for 30
min. Recrystallisation of the concentrated residue from cthanol gave acetone p-nit-
rophenvlhydrazone (1.04 g, 7470}, m.p. 146148 lit. mLp. 1497

Treatment of 4 1m a «imilar manner yielded the same product (6877), m.p.

1471497,
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