
Note 

Some aspects of the reaction of glycerol with 2,2-dimethoxypropane’ 

There are few substantiated examples of the formation of srx-membered cyc- 

lic acetals from the reaction of ketones with acyclic polyhydric alcohols having 

three or more contiguous hydroxyi groups ’ ’ Certain 0suh4tutw.l polyhydric al- 

cohols yielded six-membered isopropylidenr derivatwrs when altcrnativcs were 

precluded’ ‘. Acetalation is usually conducted in the presence of acid catalysts and 

an equilibrium is established eventually. the composrtmn of the product mixture 

being determined by the relative free cncrgics of the various cyclic acelals that can 

be formed. The high non-bonded interactions associated with an axial alkyl group 

on C-2 of a I ,3-dioxane ring explains thr reluctance (of polyhydric alcohols to yield 

six-membered cyclic kctals”. The preferred. five-membered dioxolane ring is 

stabilised by a small gem-dimethyl effect” that allows greater puckenng of the ring, 

thereby reducing the torsional strain. Thus, acid-catalysrd condensation of acctonc 

with glycerol (1) gives 1.2.O-isopropylidene-~~glycerol (2) almost exclusively”‘. 

‘I‘he corresponding I ,3-O-isopropylidenc derivative (3) i\ formed only in trace 

amounts. It can bc synthesised indirectly’.” .md is also formed”. hut III low yrcld 
(2%). by the luw-lcnlpe~;ltu~r, dilulc acid-calalyxd eyuilihrdtion of 2. 

In continuation” of acetalation studies. the treatment of I with 2,2-di- 
methoxyproparw under neutral conditions is now described and shown to yield :+ 

mixture of 2, 3 (in relatively high amounts compared to the normal acid-catalysed 

I-O-isopropylideneglycerol 
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Fig. I. Gas chromatogrnm of the products from the rcaclioll uf I with 2.2.dlrncthoxyplopanc-l,2-di- 
methoxyethane. 

Anhydrous glycerol (l), when treated with a boiling mixture of 2,2-di- 
methoxypropane-1,2_dimethoxyethane for 72 h, gave four products, as shown by 
g.1.c. (Fig. I). Peaks B (37%) and C (6%) were identified 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- 
cessivi: 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 vacua 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 (A4 - CH,)+ 
characteristic of 0-isopropyhdenealditols’4. Furthermore, the presence of peaks at 
m/r 173 (M - lOl)+, 101,73,59, and 43 were consistent with structure 4. 

The t3C-n.m.r. spectrum indicated D to be a mixture of the stereoisomers 4a 
and 4b. The signal for the acetal carbons of the 1,2-0-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 



methylenr carbons gave a singlet at 75 p.p_m., and the methinc carbons a singlet 
at 67 p.p.m. 1 with line broadening of -0.78 and 1.5 Hz. respectively. .T‘he exocychc 
methylene carbons were not equivalent and gave singlets at 62.37 and h2.08 p.p.m. 
The CMe, groups of the cyclic isqxnpylidrnt: acctals gave signA at X7.5 and Z5.i 

p.p.m., and the acyclic acetal a signal at 24.8 p.p.m. The ‘H-n.m.r. qxctrum. as 

expected for a mixture of 4a and 4b. was composed of two overlapped qxxlra. ‘The 

C‘Me, groups of the I .2-O-isupropylidene groups gave cl~ar-act~r-~sric7 singlets at 

1.38 and 1.42 p.p.m_ The CM<, groups of the acvclic acetsl gaw a singlet at I.36 
p.p.m. The remaining protona could he aa$nrd as follows: 3.4s iin. exocyclic 
mrthylene), 3.73 Cm) and 3.115 (dd, dioxolane methykne). and 1.72 (m, dioxolane 

methine). The combined spectral evidence confirmed structures 4a and 4h. 

Thr structure 5 was uupporteci alsn hy the ‘H-n m r \pct?rum. which was a 

tint-order. ABMXY five-spun system. A portmn (3.33.4 p.p.m.) of the spectrum 
is shown in Fig. 2 (J, ,,_,,, = .I,., *., = .I,.,,?,, _ 6. .I,,* ,h 9.7. .I,,, i,, X. I t17) 



NOTE 319 

44 43 42 41 40 39 38 37 36 35 34 33PPrn 

Fig 2. P.m.r. spectrum of 2-(2.2-dimethyl-1.3-dioxolan-4-ylmethoxy)-2-methoxypropan (5); CDCI, 
solution at 200 MHz. 

The Me0 protons resonated as a singlet at 3.21 p.p.m., which is close to the 
~alue’~ for 2,2-dirnethuxypropane. The CMez group of the acyclic residue gave a 

singlet at 1.35 p.p.m., and those of the 1,2-0-isopropylidene group gave two 
singlets at 1.37 and 1.425 p_p_m 

G.1.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. Trcat- 
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 r.rted’6.‘7, but secondary hydroxyl groups are unrenctive’7~‘R unless they 

are sufficiently acidic 19. Thus. 2,3:5,6-di-0-isopropy lidene-cY-D-mannofuranose, of 
which HO-1 is sufficiently acidic to form salts with strong hasesz*, undergoes rapid 
interchange with 2,2-dimethoxypropane”. The interchange is also temperature-de- 

pendent, as treatment of 2 with 2,Sdimethoxypropane at room temperature for 72 
h did not yield 4 or 5. 

Treatment of 1 with boiling 2,2-dimethnxypropane in the absence of 1.2-di- 
methoxyethane gave a mixture of 2 (30%), 3 (lllo), 4 (15%). and 5 (52.5%). Two 
other products (T 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.1.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 hifunctional ether”, but 1 appears 
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When a similar reaction mixture was stirred at room tcmpcraturc for 72 h. 
followed by work-up in the same manner, the yield of product was 2.1 g (31%). 

(h) With 2,2-dim~~tho.u_v~~ropcrnel,2-rli~nethox_vethnr~~- dirmthyl mlphoxidr. 
Glycerol (I, 3 g) was treated as in (a). except that dimethyl sulphoxidr (5 mL) was 
added to the reaction mixtwe (yield of ploduct. 4.2 g). 

In another experiment. 2.2.dimethoxypropane (IS mL) was added to a vigor- 
ously stirred mixture of 1 (4.6 g). 1,2-dimethoxyethane (25 mlJ), and dimethyl sul- 
phoxide (10 mL). and the mixtul-e was heated under reflux with continuous stirring 
for 72 h. The cooled solution was concentrated in WCUO. and the oily residue was 
stirred vigorously with 1 .2-dimethoxycthanc (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 irt vacw and ethanol (3 x 25 mL) was 
distilled in wcuo from the residue. To a solution of the residue in l,Sdi- 
methoxyethanc (30 nrL) was added sodium hydride (1.29 g) with rapid stirring 
(temperature maintained below 5”). After 30 min, the thick suspension was stirred 
with a solution of benzyl bromide (9.4 g) in 1.2-dimethoxycthanc (20 mL) at <Cl”. 
The mixture was kept overnight at room temperature and then cooled to -lO”, 
Ice-water (10 mL) was added slowly, the resulting mixture was concentrated in 
VUCUO, and a suspension of the residue in water (SO mL) was extracted with di- 
chloromethane (3 x 50 mL). The combined extracts were washed succesaivrly wilh 
water (20 mL). 2M hydrochloric acid (XI ml.), saturated aqueous sodium hydrogen- 

carbonate (XI ml.), and water (20 mL), dried (N&GO,). and conccntratcd in ~WCUO 
A solution of the crude. syrupy product in acetic acid (40 mL) was treated with 
water (10 mL), and the mixture was heated al IOU” for 2 h. Evaporation of the sol- 
vents, followed by distillation of ethanol (3 x 25 m1.) from the residue. afforded a 
gum (4.8 g). A solution of this product in dry pyridinc (25 mL) was stirred with to- 
luene-p-sulphonyl chloride (10.05 g) at room temperature for 18 h and then 
worked-up in the usual manner. The resulting syrup (11.3 g) was eluted from 
Kicselpcl 60 (Merck. 240 g) with 1 ,?-dimrtho~yrlhana~y~l~h~~anti (1: 1). IO give. 

first. 2-O-benzylglycerol 1.3-ditoluene-p-sulphonate (0.76 g. 3.1%). m.p. 109-111” 
(from ethanol); lit.“’ m.p. 1 It&l 12”. Eluted second was I-O-benzylglycerol 2,3-d& 
toluene-p-sulphonate (9.9 g, 40.5%). m.p. H-64” (from ether); ht.‘-? m.p. 6547”; 
lit ?a m.p. 60-61”. 

(c:) Wzth 2,2-diniethoxypropnr~e-ethyl acetate. Compound 1 (3 g) was treated 
as in (u) except that l&iimethoxyethane (IS mL) was replaced by an equivalent 
volume of ethyl acctatc (yield of product. 3.Sh g). 

(d) With 2,_‘-dirnethoxypro(?arze. A suspension of I (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) (yield of product. 3.82 g). 

CP) With 2.2.dimetho.rypmpcnl,-.N IN-dirnctlz~lformamid~-lolrcene-p-.\rtl- 
phonic arid. To a solution of 1 (3 g) in N.N-dimethylformamide (15 mL) were 
added 2.2-dimcthoxypropanc (1.5 mL) and toluenc-p-sulphonic acid monohydrate 
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