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Abgtract. 1-Bromo-2-trityloxyethane (1) and l-allyloxymethyl-2-trityloxyethanol
(2) react readily at room temperature with substituted oligoethylene glycols or
the ditosylate derivative of an oligoethylene glycol, respectively, to form the
extended, ditrityl-protected, substituted oligoethylene glycols in high yields.
The trityl groups are easily removed by acidified methanol in CH,Cl, to give the
extended, substituted oligoethylene glycols.

According to Chemical Abstracts, there have been more than 3,800 papers and
60 reviews concerning the oligoethylene glycols published in the past 24 years.!
Unfortunately, only one review summarizes most of the methods for the synthesis
of the glycols.? The oligoethylene glycols are important compounds because they
are used as starting materials for the preparation of macrocyclic ligands,??
peptides,® surfactants® and ion conducting organic materials.®

The most widely used synthons for the introduction of a protected or free
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2-hydroxyethyl group are ethylene oxide and its derivatives,’ chloroacetic acid

or its ester derivatives,® 2-(2-chloroethoxy)tetrahydro-2H-pyran,® 2-(2-

bromoethoxy) -tetrahydro-2H-pyran, °

2- (2-tosyloxyethoxy) tetrahydro-2H-pyran, '*
2-benzyloxyethanol and its derivatives,!!'? and 2-trityloxyethanol.® The first
three synthons are commercially available but they are not convenient to use.
Ethylene oxide is a gas and requires special precautions. Substituted ethylene
oxides (such as propylene oxide) react with an alcohol to give a mixture of
secondary and primary alcohols by attack of the alkoxide on either the
unsubstituted epoxide carbon or the substituted carbon of the epoxide.’ These
two products are very difficult to separate. Chloroacetic acid is useful but its
reaction with a glycol in base often gives a mixture of mono- and diacetic acid
substitution.?® Again, these two products are difficult to separate. Even with
a successful substitution of two acetic acid units, the product diacid must be
reduced to form the final glycol product. 2-(2-Chloro- or 2-
bromoethoxy) tetrahydro-2H-pyran is useful when treated with primary glycols or
alcohols,® ' but the yields are often low when treated with secondary alcohols.
The other synthons listed above are not readily available and must be prepared
from ethylene glycol. In these cases, reaction on only one primary alcohol group
is desired which necessitates use of a large excess of the glycol to react with
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the relevant protecting group.

Glycols with a variety of side arms are not available. These compounds are
very important because substituted macrocyclic ligands are desired materials.
Often, ligands substituted with hydroxy, amino or allyl functions are attached
to solid inorganic or organic supports for use in separation studies.!® Long
chain-substituted macrocyclic ligands are used for extracting metal ions from
water into organic solvents.!® The above mentioned synthons are not convenient
for the preparation of the substituted glycols needed to prepare the substituted
macrocyclic ligands. 2-(2-Bromo- or 2-chloroethoxy)tetrahydro-2H-pyran is the
most used synthon for the substituted glycols but it often reacts with the
starting short, substituted glycol to form mono- and disubstituted products even
when the starting glycol is used in a large excess.®®

We now report the use of trityl-protected 2-bromoethanol (1) and trityl-
protected allyloxymethyl-substituted ethylene glycol (2) to prepare various
allyloxymethyl-substituted glycols where the substituent is attached to an
internal carbon atom. Synthon 1 (mp 124°C) was prepared by treating 2-
bromoethanol with trityl chloride as reported!®® except CH,Cl, and (C,Hs);N were
used as solvent and base. A three-step process from ethylene glycol*® for 1 was
not useful. Synthon 2 has been reported.!” We used the reaction of equal amounts
of 3-allyloxy-1,2-propanediol with trityl chloride in CH,Cl, using (C,H;);N as the
base to prepare 2 in an 85% yield (mp 75°C, from hexane).

Synthon 1 reacts readily with substituted diethylene, triethylene or
tetraethylene glycol at room temperature to form the bistrityl-protected,
extended oligoethylene glycols. For example, l-allyloxymethyl-3-oxa-1,5-
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pentanediol (3) was treated with 2.05 equivalents of NaH and then with 2.05
equivalents of 1 to give a 90% yield of 4. Ditrityl-protected 4 was not
purified but was treated with HCLl/CH,OH in CH,Cl, to give 5 (90%) which was
purified by distillation. 5 was identical in every way to the same product
prepared by a different route using chlorocacetic acid.?®

Synthon 2 can be used to introduce two allyloxymethyl substituents on
internal carbons of an oligoethylene glycol. Bis(allyloxymethyl)-substituted
tetraethylene glycol 7 was prepared as follows. A mixture of 37.4 g (0.1 mol)
of 2 and 3 g (0.12 mol) of 95% NaH in 300 mL of DMF was stirred at rt for 15
min. Ditosylate 6 (22.5 g. 0.05 mol) was added to the mixture in portions. The
resulting mixture was stirred at rt for 24-36 h. The solvent was then
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evaporated under reduced pressure and 100 miL each of water and CH,Cl, were
added. The organic layer was separated and the water layer was extracted two
times with 50 ml, portions of CH,Cl,. The combined organic layers were dried
(MgS0O,) and evaporated to give crude ditrityl-protected 7. This material could
be purified by silica gel chromatography using CH,Cl,/CH,CO,C,H;: 50/1, 20/1 and
then 10/1 as eluants. Glycol 7 was prepared from the c¢rude ditrityl-protected
product by treatment with 25 mL of concentrated HCl in 200 mL of CH,OH and 200
mL of CH,Cl,. This mixture was stirred for 24h and then NaHCO, was added to make
the pH = 7-8. The solvents were evaporated under reduced pressure and 300 mL
of water was added to the residue. A solid was filtered and the solvent was
evaporated under reduced pressure. The residue was mixed with 300 mL of CH,CIl,
and filtered. The filtrate was dried (MgSQ,) and the product was distilled to
give 14 g (74%) of 7;' bp 215-220°C/0.2 mm Hg; 'H NMR 8 5.9 (m, 2 H), 5.2 (m,
4 H), 4.0 (m, 4 H), 3.65 (m, 24 H). A similar reaction with 3,5-bis(bromo-
methyl) -4-methoxytoluene (8) gave the corresponding bis(allyloxymethyl)-
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substituted glycol containing the aromatic ring in a 70% yield.®

Synthons 1 and 2 can be reacted together to prepare diethylene glycol with
an internal allyloxymethyl substituent in an 80% yield using the same procedure
as above. The same compound (2-allyloxymethyl-3-oxa-1,5-pentanediocl) was
prepared previocusly in six steps in an overall yield of 20%.!%

Synthon 1 could easily be used to prepare large unsubstituted oligoethylene
glycols from a smaller glycol. This process would use the available glycols
rather than their ditosylate derivatives and the hard-to-prepare monotrityl-
protected ethylene glycol as has been reported.?®?

REFERENCES AND NOTES

(1) Data taken from CAS online (1967-1993).
{2) Bradshaw, J. S.; Krakowiak, K. E.; Izatt, R. M. in The Chemistry of
Heterocyclic Compounds, vol S51-Aza-Crown Macrocycles, p 31, J. Wiley &



2856

(3)
(4)
(5)

(6)
(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

Sons, New York 1993.

Izatt, R. M.; Christensen, J. J. Synthetic Multidentate Macrocyclic
Compounds, Academic Press, New York, 1978.

Mutter, M.; Altmann, K. H.; Gehrhardt, H. React. Polym. 1987, 6, 99.

{a) Binana-Limbele, W.; van Os, N. M.; Rupert, L. A.; Zana, R. J. Colloid
Interface Sci. 1991, 144, 458; (b) Mathis, G.; Lempoel, D.; Ravey, J.C.;
Selve, C.; Delpuech, J. J. J. Am. Chem. Soc. 1984, 106, 6162.

Armand, M. Adv. Mater. 1990, 2, 278.

(a) TIkeda, I. S.; Yamura, S.; Nakatsuji, Y.; Okahara, M. J. Org. Chem.
1980, 45, 5355; (b) Ikeda, J. H.; Emura, H.; Okahara, M. Synthesis 1984,
73; (c) Jungk, S. Y.; Moore J. A.; Gandour, R. D. J. Org. Chem., 1983, 48,
1116;

(a) Cinquini, M. Synthesis 1976, 516; (b) Babb, D. A.; Czech, B. P.;
Bartsch, R. A. J. Heterocyclic Chem. 1986, 23, 609; {(c) Czech, B.; Babb,
D. A.; Bartsch, R. A. Org. Prep. Proced. Int. 1983, 15, 29; (d) Bradshaw,
J. S.; Nakatsuji, Y.; Huszthy, P.; Wilson, B. E.; Dalley, N. K.; Izatt, R.
M. J. Heterocyclic Chem. 1986, 23, 353. (e) Bradshaw, J. S.; Krakowiak, K.
E.; Bruening, R. L.; Tarbet, B. J.; Savage, P. B.; Izatt, R. M. J. Org.
Chem. 1988, 53, 3190.

(a) Bartsch, R. A.; Cason, C. V.; Czech, B. D. J. Org. Chem. 1988, 54,
857; (b) Son, B.; Czech, B.; Bartsch, R. A. Synthesis 1984, 776; {(c) L&hr,
H. G.; végtle, F. Chem. Ber. 1985, 118, 916.

(a) Anantanarayan, A.; Dutton, P. Y.; Fyles, T. M.; Pitre, M. Y. J. Org.
Chem. 1986, 51, 752; (b) Halmos, T.; Komiatis, D.; Antonakis, K. Carb.
Research 1985, 145, 163; (c) Naga, K.; Honda, A.; Kiho, T.; Vkai, S. Carb.
Research 1989, 190, 165.

(a) Cooper, K. D.; Walborski, H. M. J. Org. Chem. 1981, 46, 2110. (b)
Bradshaw, J. S.; Huszthy, P.; McDaniel, C. W.; Zhu, C.-Y.; Dalley, N. K.;
Izatt, R. M.; Lifson, S. J. Org. Chem. 1990, 55, 3129; (c) Huszthy, P.;
Bradshaw, J. S.; Zhu, C.-Y.; Izatt, R. M.; Lifson, S. J. Org. Chem. 1991,
56, 3330; (d) Jones, B. A.; Bradshaw, J. S.; Izatt, R. M. J. Heterocyclic
Chem. 1982, 19, 55.

(a) Dutton, P. J.; Fyles, T. M.; Hansen, S. P. J. Incl. Phenom., 1989, 7,
173; (b) Anneli, P. L.; Montanari, F.; Quici, §. J. Org. Chem. 1985, 50,
3453,

Keegstra, E. M. D.; Zwikker, J. W.; Roest, M. R.; Jenneskeus, L. W. J.
Org. Chem. 1992, 57, 6678.

(a)Bradshaw, J. S.; Krakowiak, K. E.; Bruening, R. L.; Tarbet, B. J.;
Savage, P. B.; Izatt, R. M. J. Org. Chem. 1988, 53, 3190; (b) Bradshaw, J.
S.; Bruening, R. L.; Krakowiak, K. E.; Tarbet, B. J.; Bruening, M. L.;
Izatt, R. M.; Christensen, J. J. J. Chem. Soc., Chem. Commun. 1988, 812;
(c} Izatt, R. M.; Bruening, R. L.; Bruening, M. L.; Tarbet, B. J.;
Krakowiak, K. E.; Bradshaw, J. S.; Christensen, J. J. Anal. Chem. 1988,
60, 1825; (d) Bruening, R. L; Tarbet, B. J.; Krakowiak, K. E.; Bruening,
M. L.; Izatt, R. M.; Bradshaw, J. S. Anal. Chem. 1991, 63, 1014; (e)
Cinquini, M.; Colonna, S.; Molinari, H.; Montanari, F. J. Am. Chem. Soc.
1976, 98, 394.

(a) Bradshaw, J. S.; Spencer, N. O.; Hansen, G. R.; Izatt, R. M.;
Christensen, J. J. J. Heterocyclic Chem. 1983, 20, 353; (b) Izatt, R. M.;
LindH, G. C.; Clark, G. A.; Nakatsuji, Y.; Bradshaw, J. S.; Lamb, J. D.;
Christensen, J. J. J. Membrane Sci. 1987, 31, 1; (c) Bradshaw, J. S.;
Mcbaniel, C. W.; Skidmore, B. D.; Nielsen, R. B.; Wilson, B.E.; Dalley, N.
K.; Izatt, R. M. J. Heterocyclic Chem. 1987, 24, 1085.

(a) Meerwein, H.; Hederida, V.; Marshel, H.; Wunderlich, K. Liebigs Ann.
1960, 635, 3; (b) Stumpp, M. C.; Schmidt, R.R. Tetrahedron 1986, 42, 5941.
(a) Nasser, B.; Morpain, C.; Landi, B.; Lautrufee, N. Can. J. Chem. 1992,
70, 2319; (b) Hirth, G.; Saroka, H.; Banwarth, W.; Baruer, R. Helv. Chim
Acta 1983, 66, 1210.

Krakowiak, K. E.; Bradshaw, J. S.--unpublished results.

A satisfactory elemental analysis and 'H NMR spectrum were obtained for new
glycol compounds or for macrocycles prepared from them.

(Received in USA 25 January 1994; revised 23 February 1994; accepted 25 February 1994)



