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Alkoxyalkyl-Substituted Glycerol Acetals: New Hydrophobic
Intermediates for Surfactant Synthesis'
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In acid-catalyzed, one-step reactions of monofunctional
aleohol (I) and glycerol mixture with a simple o,f-unsat-
urated carbonyl compound (acrolein, crotonaldehyde or
methylvinyl ketone), four component glycerol acetals [mix-
tures of cis- + trans-2-2-alkoxyalkyl)}substituted deriva-
tives of 4-hydroxymethyl-l,3-dioxolanes and 5-hydroxy-,
3-dioxanes] or two component glycerol ketals [mixtures of
cis- + trans-2-(2-alkoxyethyl)-2-methyl-4-hydroxymethyl-
1,3-dioxolanes] were obtained, respectively. These com-
pounds may be used as a new group of hydrophobic in-
termediates for synthesis of chemodegradable surfactants,
which rapidly hydrolyze to nonsurfactant compounds in
acidic aqueous solutions. Methods of synthesis, yields,
compeositions and chemical structures of components of
reaction products, and products of their chemical degrada-
tion have been discussed.

KEY WORDS: 2-2-Alkoxyalkyl}1,3-dioxacyclane, chemical structure,
1,3-dioxacyclane derivative, hydrophobic intermediate, synthesis.

In 1969, cyclic acetals and ketals of glycerol with a long
hydrocarbon chain at the C-2 carbon atom of 1,3-dioxacy-
clane rings were proposed as hydrophobic intermediates for
synthesis of surfactants (1). They were obtained from reac-
tions of long-chain aldehydes or ketones with glycerol, and
were mixtures of 2-alkyl-4-hydroxymethyl-1,3-dioxolanes
with 2-alkyl-5-hydroxy-1,3-dioxanes or 2,2-dialkyl-4-hydroxy-
methyl1,3-dioxolanes, respectively. Nonionic (1-5) or ionic
surfactants (6-9) obtained from these hydrophobic inter-
mediates show good surface activity.

Because of high stability of acetal groups in neutral or
alkaline water solutions, and because of usually rapid hy-
drolysis under acidic conditions (7-18) and susceptibility to
oxidation (19,20), terms such as cleavable, destructible or
chemodegradable surfactants have been used in many
papers when acetal surfactants were investigated. Acetal-
type chemodegradable surfactants constitute most often
1,3-dioxolane derivatives with carboxylate (9), phosphate (6),
quaternary ammonium (7-9,11-14,16,17), sulfate (6), alkox-
ysulfonate (8,15) or oligooxyethylene nonionic (1-5) polar
groupings and one or two hydrophobic alkyl chains located
at C-2, C-4 or C-5 carbon atoms of the 1,3-dioxolane ring.
Nonionic (18,21) and ionic (18,22) 1,3-dioxane derivatives and
derivatives of noncyclic acetals also have been investigated
as cleavable surfactants. Some of the acetal-type surfactants
are effective as catalysts in micellar or emulsion media
(7,9,11,12,14,15,17) or are able to form vesicles (8,13-15).
After fulfilling their original functions, they can be converted
to nonsurfactant species by simple acidification. This is
especially suitable for the isolation of neutral organic reac-
tion products from micellaremulsion or vesicular media by
straightforward extractive workup procedures. However, in
spite of interesting surface properties and chemodegradabili-
ty, acetal-type surfactants have not been manufactured in
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large (industrial) scale until now, probably due to the low
supply of the long-chain carbonyl substrates.

In earlier papers we have stated that, under appropriate
conditions, the a,f-unsaturated carbonyl compound (acrolein,
crotonaldehyde) reacts with a mixture of aliphatic alcohol
and diol to obtain, in moderate or high yield, the product
of nucleophilic addition of the aliphatic alcohol molecule to
the -CH=CH- bond and simultaneous acetalization of the
aldehyde carbonyl group with the diol molecule (23,24)
{Scheme 1).

According to the investigations of acrolein and
crotonaldehyde reactions with mixtures of n-butanol and
ethylene glycol or trimethylene glycol [R! = n-C,H,,
R%*=H or CH;, R?* = H, R*= CH,CH, or {CH,)};], the op-
timal conditions for preparation of 2-(2-alkoxyalkyl)-
substituted 1,3-dioxolanes and 1,3-dioxanes were deter-
mined (23,24).

In this report we describe the properties of reaction prod-
ucts of three simple a,f-unsaturated carbonyl compounds,
i.e. acrolein, crotonaldehyde and methylvinyl ketone, with
mixtures of aliphatic alcohol and glycerol. They may be
useful as new hydrophobic intermediates for the synthesis
of acetal-type surfactants.

EXPERIMENTAL PROCEDURES

Materials. a,fUnsaturated carbonyl compounds: acrolein
{I1a), crotonaldehyde {IIb) and methylvinyl ketone (Ilc)
were purified by repeated fractional distillation and
stabilized with 0.1 wt% of hydroquinone. Monofunctional
alcohols were purified by vacuum fractional distillation.
Glycerol (88 wt% water solution) was dried azeotropical-
ly and then purified by vacuum fractional distillation.
242-Alkoxyalkyl)-substituted glycerol acetals and ketals.
These compounds were synthesized according to the pro-
cedures presented elsewhere (25,26). One mole of freshly
distilled unsaturated carbonyl compound [acrolein (I1a),
crotonaldehyde (IIb) or methylvinyl ketone (Ilc)] sta-
bilized with 0.1 wt% of hydroquinone, 3 moles of an ap-
propriate monofunctional alcohol (1), 1.5 moles of anhy-
drous glycerol and 2 g of p-toluenesulfonic acid
monohydrate were boiled for about 20 h in the solution
of 300 ml of hexane or chloroform, with continuous
separation of reaction water in the azeotropic trap. After
cooling to room temperature, the reaction mixture was
alkalized with 3-fold excess of K,CO; and then shaken
four times with 100-mL portions of slightly alkalized
water to remove unreacted glycerol. The water layers were
separated and the organic layer was dried with anhydrous
MgSO,. After filtration and evaporation of the solvent
on a rotary evaporator, the residue was subjected to
vacuum fractional distillation. After removal of the un-
reacted monofunctional alcohol, which was used in excess,
the fraction of an appropriate mixture of cis- + trans-2-
(2-alkoxyethyl)-4-hydroxymethyl-1,3-dioxolane (II1a) with
cis- + trans-2-(2-alkoxyethyl)-5-hydroxy-1,3-dioxane (IVa),
or cis-+ trans-2-(2-alkoxypropyl)-4-hydroxymethyl-1,3-
dioxolane (I1Ib) with cis- + trans-2-(2-alkoxypropyl)-5-hy-
droxy-1,3-dioxane (IVb), or cis- + trans-2-(2-alkoxyethyl)-2-
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methyl-4-hydroxymethyl-1,3-dioxolane (IIl¢) was sepa-
rated as colorless and viscous liquid. The yield of products
was in the range 55-75 mol%. Their physical constants
are listed in Tables 1 and 3.

Analytical methods. 'H nuclear magnetic resonance
{NMR) spectra were recorded on a Tesla BS497 (Tesla,
Brno, Czechoslovakia) apparatus at 100 MHz. Tetrameth-
ylsilane (TMS) was used as internal standard and 10%
solutions of compounds in CDCI; or CCl, were measured.
Gas-liquid chromatography (GLC) analysis on a Giede
G.CH.F.18.3 (Chromatron, Berlin, Germany) apparatus
equipped with flame ionization detector (FID) was used
to check the purity of substrates and the composition of
reaction products. A metallic column (3 mmid. and 1 m
long) packed with 15% Silicon XE60 on Chromosorb G
AW DMCS 60/80 mesh (nitrogen as carrier gas} was used.

RESULTS AND DISCUSSION

Mixtures of monofunctional alcohol and glycerol, in the
reaction with unsaturated carbonyl compound, lead to the
2-(2-alkoxyalkyl)-substituted 1,3-dioxacyclanes with a
primary or secondary hydroxy group in the 1,3-dioxacy-
clane rings (25,26) (Scheme 2). These compounds with ap-
propriate substituents R! -+ R® may be useful as new
hydrophobic intermediates for synthesis of chemodegrad-
able acetal-type surfactants.

The reaction products of acrolein (IIa, R? = R3 = H) or
crotonaldehyde (Ilb, R? = CH;, R? = H) with mixtures of
monofunctional alcohol R'OH (I} and glycerol constitute
the four component mixtures of cis- + trans-2-(2-alkoxy-
alkyl)-4-hydroxymethyl-1,3-dioxolanes [cis- + trans-(I11a)
or cis- + trans-(I1Ib)] and cis- + trans-2-(2-alkoxyalkyl)-
5-hydroxy-1,3-dioxanes [cis- + trans-(IVa) or cis- + trans-
(IVb)]. Physical constants of these products, with the R}
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substituent varied from n-C,H, to n-C,,H,;, are pre-
sented in Table 1. In each case, the gas-liquid
chromatography (GLC) analyses of these products
proved the presence of four well-separated chromato-
graphic peaks with constant ratios of their retention times
[Rﬂ,)] Rt(l) Rt(4) = 0.3556 and RﬂZ) Rﬂa) = (.790 When R2 =H
or 0.380 and 0.850, respectlvely, when R2 = CH, (peak
numbers are ordered with increasing retention times).
The individual components with shorter and longer re-
tention times were separated from some four-compo-
nent mixtures of acrolein acetals by repeated frac-
tional distillation (followed by crystallization from hex-
ane when R!=n-C,,H,, or n-C,,H,;) as the lower and
the higher boiling fractions, respectively. Chemical struc-
tures and conformations of separated components were
determined by analysis of their 'H NMR spectra (Table
2).

'H NMR data from Table 2 clearly show that the sep-
arated components are derivatives of 2-(2-alkoxyethyl)-5-
hydroxy-1,3-dioxane (IVa). The chemical shifts of the H,,
proton and of the H_, ; and H, ,; protons, with their char-
acteristic coupling constants observed for the lower-
boiling isomers, show that they are cis-(IVa) isomers with
2-(2-alkoxyethyl)-substituents at the C-2 carbon atom in
equatorial position and the hydroxy group at the C-5 car-
bon atom in axial position. Analogously, the *H NMR
data observed for the higher-boiling isomers are char-
acteristic for zrans-(IVa) isomers with the hydroxy group
located in equatorial position. The same relationships were
observed for the four-component 2-alkyl-substituted
glycerol acetals (27-29). Based on the observations made
earlier (28), we accepted that the remaining components
of glycerol acetals located at the second and third posi-
tions in the GLC analysis are cis- and trans-2-(2-alkoxy-
alkyl)-4-hydroxymethyl-1,3-dioxolanes, respectively. An
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TABLE 1

Physical Constants of Four-Component Mixtures of cis + trans-2-2-Alkoxyalkyl)4-
hydroxymethyl-1,3-dioxolanes and cis + trans-2-2-Alkoxyalkyl)-5-hydroxy-1,3-dioxanes
(ilIa + IVa, R% = H; I1Ib + IVh, RZ = CHjy)

Boiling
point
Number R! R? (°C/mmHg) n# dz
1 n-CHy H 103.5-114.0/0.7 1.4524 1.0635
n-CsH; H 110.5-120.0/0.5 1.4529 -
3 n-CgH, 3 H 109-115/0.1 1.4530 1.0135
4 n-C/H5 H 113-124/0.1 1.4543 0.9995
5 n-CgH H 132-143/0.5 1.4564 —
6 n-CoH g H 140-151/0.3 1.4579 0.9889
7 n-C;oHy, H 151-165/0.2 1.4596 0.9875
8 n-Cy,Hy, H 162-169/0.1 solid
9 CeH,CH, H 140-155/0.3 1.5205 1.1515
10 n-CgH 5 CH; 109-125/0.2 1.4514 0.9925
11 n-CgH,; CH, 128-142/0.15 1.4541 0.9787
12 n-CyoHy CH, 157-169/0.3 1.4556 0.9697
13 cyclo-CgHy; CH, 119-137/0.2 1.4760 1.0742
TABLE 2
1H NMR Data of cis and trans-2-(2-Alkoxyethyl)-5-hydroxyl-1,3-dioxanes (IVa, RZ = H)
Chemical shifts, J [ppm]? Coupling constants, J [Hz]
Number Configuration Rl Ha,zb CHQ (0‘} CH2 ({)‘) CHZ (y) }{9-4,6 Ha—4,6 J5’4e J5’4a J4gem=J6gem
1 cis® C.H; 463 1.82 3.44 337 392 380 15 15 115
2 cisd nCpHyy 474 190 3.52 340 400 39 15 15 113
3 trans® n-CzH, 448 177 3.49 330 404 326 5 10 =10
4 trans® nCioHy 457 1.87 3.50 3.40 412 334 5 10 =10
5 trans® n-CHgs 457  1.87 3.49 3.39 415 334 5 10 =10

2Cnemical shifts downfield from TMS.

bTriplet, J = 5.2 Ha.

¢Spectrum in CDCl; solution.
Spectrum in CCl, solution.

TABLE 3

Physical Constants of Mixtures of cis + trans-2-(2-Alkoxyethyl)-
2-methyl-4-hydroxymethyl-1,3-dioxolanes (IIl¢, R? = H)

Boiling
point

No. R! R? (°ClmmHg) ng az°

1 n'C4H9 CH3 88’0.1 1.4492 1.0260
2 n-CgHy, CH, 109/0.1 1.4498  1.0110
3 n-CgH, 3 CH, 119.5/0.1 1.4505  0.9980
4 n-C;H, CH, 131/0.1 14513  0.9810
5 n'08H17 CH3 129/0.2 1.4570 0.9788
6 isoCgH;;  CH, 126/0.3 1.4540  0.9844
7 n-CyoHy, CH, 155/0.2 14579 09774

average composition of glycerol acetals (calculated directly
from GLC peak areas) was: 1,3-dioxolane:1,3-dioxane
derivatives = 53:47; cis:trans = 60:40 and 65:35 for 1,3-
dioxolane and 1,3-dioxane derivatives, respectively.
When the mixtures of monofunctional alcohol (I) and
glycerol were used in the reaction with methylvinyl ketone
(IIe, R? = H, R* = CH,;), only two-component mixtures of
cis + trans-2-(2-alkoxyethyl)-2-methyl-4-hydroxymethyl-
1,3-dioxolanes (111c} were obtained (Scheme 2). Physical
constants of these products (R! = n-C,H,+n-C,,H,,) are

presented in Table 3. In the GLC analysis of (II1c), the
presence of two poorly separated peaks in an approximate
area ratio of 55:45 was observed. 'H NMR analysis
showed, besides the signals due to the protons of 2-(2-
alkoxyethyl)-substituent and 1,3-dioxolane ring, the pres-
ence of two singlets due to the protons of the methyl group
at the C-2 carbon atom of the 1,3-dioxolane ring in the
cis- and trans-(IT1c) isomers.

In acidic aqueous solution, 2-(hydroxyalkoxyalkyl)- and
2-(2-alkoxyalkyl)-substituted 1,3-dioxolanes and 1,3-diox-
anes undergo hydrolysis as presented elsewhere (30). In-
vestigations made in D,0/DCl solution (monitored by 'H
NMR analysis) suggest that in the first step of the reac-
tion the acetal group hydrolyzes, followed by destruction
of the 2-alkoxy-substituted aldehyde to monofunctional
alcohol and unsaturated aldehyde. In general, they are
more stable than 2-alkyl-substituted 1,3-dioxacyclanes,
due to the presence of an ether-oxygen atom in the -
position with respect to the C-2 carbon atom of the 1,3-
dioxacyclane ring (30).

Moreover, we have stated earlier that in the 1,3-dioxo-
lane, 1,3-dioxane (31) and 2-methyl-4-hydroxymethyl-1,3-
dioxolane derivatives (32), the hydrophobic efficiency of
C,H,,,OCH,CH, and C H,, ;-substituents at the C-2
carbon atom of the 1,3-dioxacyclane ring are almost the
same.
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The reaction of a simple a,f-unsaturated carbonyl com-
pound (acrolein, crotonaldehyde or methylvinyl ketone)
with the mixture of monofunctional alcohol and glycerol
seems to be a good method for preparing interesting
hydrophobic intermediates for the synthesis of
chemodegradable acetal-type surfactants. This conclusion
will be proven by further work on their synthesis and in-
vestigation of their surface properties.

REFERENCES

German patent 1,542,671 (1969).
U.S. patent 3,909,460 (1975).
Polish patent 102313 (1979).
. Polish patent 107788 (1980).
Wecla$, L., and B. Burczyk, Tenside Deterg. 18:19 (1981).
. U.S. patent 3,948,953 (1976).
Takeda, T, S Yamamure, K. Shimaki and T. Nakajima, Abstracts
of the 19th World Congress of the International Society for Fat
Research (ISF) and the 27th Annual Meeting of the Japan Oil
Chemists’ Society (JOCS), Tokyo, Japan, 1988, p. 238.
8. Jaeger, D.A,, J. Jamrozik, TG. Golich, M. Wegrzyn Clennan and
J. Mohebalian, J. Am. Chem. Soc. 111:3001 (1989).
9. Yamamura, S., M. Nakamura and T. Takeda, J. Am. Oil Chem.
Soc. 66:1165 (1989).
10. Sokolowski, A, and B. Burczyk, J. prakt. Chem. 825:63 (1981).
11. Jaeger, D.A., and ML.R. Frey, J. Org. Chem. 47:311 (1982).
12. Jaeger, D.A., C.A. Martin and T.G. Golich, Ibid. 49:4545 {1984).

NSO

JAOCS, Vol. 68, no. 7 (July 1992)

13. Jaeger, D.A., and T.G. Golich, J. Am. Oil Chem. Soc. 64:1550

14.

15,

16.

17.
18.

19,

20.

(1987).

Jaeger, D.A,, PK. Chou, D. Bolikal, D. Ok, K.Y. Kim, J.B. Huff

and N.A. Porter, J. Am. Chem. Soc. 110:5123 (1988).

Jaeger, D.A., M. Wegrzyn Clennan and J. Jamrozik, Ibid. 112:1171

{1990}

Jaeger, D.A,, YM. Sayed and A K. Dutta, Tetrahedron Lett.

31:449 (1990).

Jaeger, D.A., J. Mohebalian and PL. Rose, Langmuir 6:547 (1990},

Ono, D, A. Masuyama and M. Okahara, J Org. Chem. 55:4461

(1990).

Piasecki, A., A. Sokolowski, B. Burczyk and K. Piasecka, J. Am.

Oil Chem. Soc. 63:557 (1986).

Kuramshin, E.M., L.G. Kulak, M.N. Nazarov, S.S. Zlotsky and

D.L. Rachmankulov, J. prakt. Chem. 331:591 (1989).

. Burczyk, B., M. Banaszczyk, A. Sokolowski and A. Piasecki, J.
Am. Oil Chem. Soc. 65:1204 {1988).

. Sokolowski, A, A. Piasecki and B. Burczyk, Ibid. 69:633 (1992).

. Piasecki, A., Monatsh. Chem. 117:1287 {1986).

. Piasecki, A, J. prakt. Chem. 329:579 (1987).

. Polish patent 144273 (1987).

. Polish patent 144274 (1987).

. Baumann, W.J.,, J. Org. Chem. 36:2748 (1971).

28. Piasecki, A., and B, Burczyk, Polish J. Chem. 54:367 (1980).

. Szeja, W., Ibid. 57:609 (1983).

. Piasecki, A., J. prakt. Chem. 327:731 (1985).

. Piasecki, A., B. Burczyk and J. Zak, Colloid Surfaces 20:51 (1986).
. Piasecki, A., Ibid. 36:383 (1989).

[Received July 22, 1991; accepted April 17, 1992]



