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A synthetic method for oligo(ethylene glycol) toward 44-
mer (FW= 1956.35) is described. Reiteration of William-
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(ethylene glycol) synthesisOn the other hand, monoprotection
and monofunctionalization of oligo(ethylene glycol) are quite
important procedures for use of oligo(ethylene glycol) as a
building compound. Recently, a general synthetic procedure for
bifunctional oligo(ethylene glycol) toward 24-mer has been
reportect where monoprotection and monofunctionalization of
oligo(ethylene glycol) are achieved by using silver(l) oXide
without employing an excess amount of oligo(ethylene gly¢ol).
This procedure is of great interest; however, there might be room
to improve the procedure for longer oligo(ethylene glycol)
synthesis, and nonsymmetrical (described in this proc&dure
and symmetrical oligo(ethylene glycol) syntheses are comple-
mentary to each other. This context prompted us to investigate
synthesis of oligo(ethylene glycol) by using commercially easily
available materials with simple procedures, especially in
purification, as much as possible.

As a fundamental synthetic method, we adopted Williamson’'s
ether synthesis where elimination reaction is the most significant
side reaction. Two synthetic routes were evaluated as shown in
Scheme 1, where PG, OEG, and X represent protecting group,
oligo(ethylene glycol), and functional group, respectively. In
route 1, excess addition of functionalized monoprotected oligo-
(ethylene glycol), PG-OE{X, might give better yield against

son’s ether synthesis and hydrogenation to remove protectingthe elimination reaction, and GPC (gel-permeation chromatog-
benzyl group affords desired oligo(ethylene glycol) toward raphy) separation of the product and byproducts seems to be
44-mer in moderate yields. The advantages in this methodeasier as the byproducts derived from elimination reaction of
are use of commercially easily available materials as startingPG-OEG-X may be much different from the product in

materials and procedures avoiding difficulty in purification Molecular weight. To the contrary, the elimination reaction is
of the products as much as possible. fatal in route 2, and byproducts derived from elimination

reaction of the intermediate, PG-OEGEG,-X, could have
heavier molecular weights that result in difficulty in GPC
separation. In order to reduce influence of the elimination
reaction as much as possible, therefore, route 1 was considered

Recently, oligo(ethylene glycol) has been a fascinating
building compound because of flexibility, chemical stability,
water solubility, nontoxicity, property of suppressing nonspecific to be more suitable than route 2.
interaction with protein, and so drEspecially, the property of First, synthesis of dodeca(ethylene glycol) was examined as
suppressing nonspecific interaction with protein makes oligo- a prototype. Monoprotection of tetra(ethylene glycol) was carried
(ethylene glycol) a promising biocompatible material to compose out with various common protecting groups as shown in Scheme
not only various bioactive compounds but also medical analysis 2 (step a). With purification at the final step taken into account,
devices? Although oligo(ethylene glycol)s below 6-mers and benzyl, tetrahydropyranyl, and trityl groups were nominated as
poly(ethylene glycolYswith narrow molecular weight distribu-  protecting groups. After deprotection of those protecting groups,
tions above 2000 molecular weight are commercially available, simple procedures such as filtration, solvent evaporation, and
monodisperse oligo(ethylene glycol)s between 7-mers and 2000solvent extraction are anticipated to give the desired oligo-
molecular weight are not commercially available; otherwise they (ethylene glycol) in sufficient purity. All reactions gave suf-
are quite expensive and beyond use as starting materials. Tdicient results with small amount of diprotected tetra(ethylene
the best of our knowledge, a general procedure to synthesizeglycol)s by using excess amount of tetra(ethylene glycol), where
oligo(ethylene glycol) around 2000 molecular weight has not the excess tetra(ethylene glycol) was easily removed during
been reported, although there are a few reports including oligo- solvent extraction with chloroform. The obtained crude products
were used for subsequent reactions without further purification.

At step b in Scheme 2, tosylation, mesylation, and chlorina-
tion were evaluated to functionalize monoprotected tetra-

T Present address: Chemistry Department, Faculty of Science, Assiut
University, 71516 Assiut, Egypt.
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SCHEME 1. Synthesis Route

Route 1

PG-OEG-X + OEG, + X-OEG-PG — [PG-OEG-OEG,] — PG-OEG; OEG, OEG;-PG
intermediate

Route 2

PG-OEG; + X-OEG, X + OEG-PG —> [PG-OEG OEG, X] — PG-OEG-OEG, OEG-PG
intermediate

SCHEME 2. Monoprotection and Functionalization of Tetra(ethylene glycol)
SNSNN N A NN P N NN
HO O O O OH X O O O OH X 0 O 0 Y

a-1: PhCH,CI,NaH in THF b-1: p-TsCI,NaOH in THF-H,0
o X=PhCHxO v =0Ts
a-2: || >-TsOH in CHyCl, b-2: MsCl in CsHsN THPO OMs
PhsCO Cl
a-3: PhyCOH,BF5°Et,0 b-3: SOCl,,CsHsN in CgHg
SCHEME 3. Synthesis of Dodeca(ethylene glycol) SCHEME 4. Reaction of Ditosylate with Monoprotected
oV anWanWan Glycol
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(ethylene glycol)s. During tosylation, elimination of the pro- lation in pyridine!® Therefore, tosylate was used for further
tecting groups was observed in cases of monotetrahydropyranyl-investigation. The final step, benzyl group deprotection, was
(THP-) and monotrityl-protected tetra(ethylene glycol)s. As a conducted by hydrogenation in the presence of palladium
synthetic method for monotetrahydropyranyl-protected oligo- ¢arbon, and dodeca(ethylene glycol) was obtained in sufficient
(ethylene glycol) tosylate, it has been reported that tetrahydro- Purity only by filtration off palladium carbon and then evapora-
pyranyl protection of oligo(ethylene glycol) monotosylate tion of solvent
affords the desired compound in excellent yiéldm this As shown in Scheme 3, the reaction of monobenzyl-protected
procedure, however, strict purification is necessary at the first tetra(ethylene glycol) tosylate with tetra(ethylene glycol) was
step, monotosylation of oligo(ethylene glycol), to remove chosen because this reaction intuitively seemed to better avoid
reactive oligo(ethylene glycol) ditosylate which will induce a the disadvantageous effect of side reaction induced by tosyl
side reaction. Therefore, benzyl group was employed as agroup elimination than did the reaction of tetra(ethylene glycol)
protecting group in this study. Tosylation and mesylation of ditosylate with monobenzyl-protected tetra(ethylene glycol). In
monobenzyl-protected tetra(ethylene glycol) were successful, order to evaluate this assumption, reaction of tetra(ethylene
but chlorination with thionyl chloride induced bond cleavage glycol) ditosylate with monobenzyl-protected tetra(ethylene
of the tetra(ethylene glycol) chain to afford a mixture containing glycol) was also conducted under similar conditions (Scheme
tri(ethylene glycol) derivativez® As a consequence, monoben- 4). Similarly, dodeca(ethylene glycol) bis(benzyl ether) was
zyl-protected tetra(ethylene glycol) tosylate and mesylate were obtained in 62% yield after gel-permeation chromatographic
obtained and used for the subsequent reaction without furtherpurification, but there was a serious difficulty in purification
purification? with silica gel column chromatography, resulting in insufficient
Reaction of monobenzyl-protected tetra(ethylene glycol) Purity. This tendency suggests that the reaction of monobenzyl-
tosylate and mesylate (3 equiv) with tetra(ethylene glycol) (1 Protected tetra(ethylene glycol) tosylate with tetra(ethylene
equiv) was carried out by use of NaH in tetrahydrofuran (THF) 9lycol) (Scheme 3) is superior to the reaction of tetra(ethylene
to afford dodeca(ethylene glycol) bis(benzyl ether) in 73% and 9lycol) ditosylate with monobenzyl-protected tetra(ethylene
83% yields, respectively (Scheme 3). Although crude monoben- glycol) (Scheme 4) to prevent difficulty in purification.
zyl-protected tetra(ethylene glycol) tosylate and mesylate were  On the basis of those results in prototype experiments,
used, purification by silica gel column chromatography and gel- syntheses of various oligo(ethylene glycol)s were performed,
permeation chromatography afforded pure dodeca(ethyleneand results are summarized in Table 1. The synthesis of
glycol) bis(benzyl ether}? Mesylate showed better results than monobenzyl-protected di- and tri(ethylene glycol) tosylate were
tosylate, and addition of excess tosylate (4 and 5 equiv) did conducted with similar procedures, and combination of tosylate
not improve the yields. However, use of tosylate seemed to bewith oligo(ethylene glycol) depended on desired products.
suitable as a general synthetic procedure because the tosylatiotsolated yields for oligo(ethylene glycol) bis(benzyl ether)s (Bn-
in THF—H,0 with NaOH is more reasonable than the mesy- OEG) were 66-80%, and oligo(ethylene glycol)s (OEG) were

(8) Boden, N.; Bushby, R. J.; Clarkson, S.; Evans, S. D.; Knowles, P. (11) The mesylation of monobenzyl-protected tetra(ethylene glycol) under
F.; Marsh, A.Tetrahedron1997, 53, 10939-10952. the same condition as the tosylation gave corresponding mesylate in low

(9) Both crude products contain tetra(ethylene glycol) bis(benzyl ether), yield, and starting material was recovered. Therefore, pyridine was used as
which is formed at the monobenzyl protection step in ca. 10% molar ratio. solvent and base.

(10) Eluents for silica gel column and gel-permeation chromatography  (12) If necessary, oligo(ethylene glycol) was purified by silica gel column
were 0~2 vol % CHOH/CHCE and CHC4, respectively. chromatography with 510 vol % CHOH/CHCE as eluent.
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TABLE 1. Synthesis of Various Oligo(ethylene glycol)s protecting benzyl group, was established in moderate yields by
( ) ( ) using commercially easily available materials. The noteworthy
©ﬂo O X OTs+HO ' O Y OH feature in this method is that the reaction of monobenzyl-
2 . .
X =13,y = 2-35 protected tetra(ethylene glycol) tosylate with oligo(ethylene

glycol) affords almost constant yields regardless of the chain

NaH /—é\ ﬁﬂ H,,Pd/C length of the oligo(ethylene glycol) used.
el o ‘o o/\© = /+\/+\
EtOH HO 'O M OH

THF : ;
Bn-OEG: 7~44-mer OEG: 7~44-mer Experimental Section
General Synthetic Procedures for Bn-OEG (7#~12-mer).In
-mer X y Bn-OEG yield (%) OEG yield (%) a three-necked flask were put oligo(ethylene glycol) (5 mmol), NaH
7b 1 2 80 08 (2.40 g, 100 mmol), and dry THF (200 mL), and a dry THF solution
gb 1 3 71 91 (50 mL) of monobenzyl-protected oligo(ethylene glycol) tosylate
ob 2 2 79 93 (15 mmol) was added to the mixture dropwise at room temperature.
10 2 3 66 98 The reaction mixture was refluxed for 24 h and then allowed to
11° 3 2 66 o7 cool at room temperature. Methanol was added to the reaction
%cb g ﬁ ;g gg mixture to quench excess NaH. The solvent was evaporated, and
o8 3 19 75 94 the product was (_extracted with 5 wt % aqueous HCI gnd GHCI
36 3 27 77 o5 The proc_iuct obtained by solvent evaporation was pgrlf_led by gel-
A6 3 35 69 08 permeation chromatography (GPC) as a colorless liquid.

General Synthetic Procedures for OEG (#~12-mer). Oligo-

aBn-OEG yields are calculated based on starting oligoethylene glycols. (ethylene glycol) bis(benzyl ether) (5 mmol), palladium carbon (5

b Reaction conditions: oligo(ethylene glycol) 5 mmol, monobenzyl-protected 0 :
oligo(ethylene glycol) tosylate 15 mmol, NaH 100 mmol, THF 250 mL, Wt %, 200 mg), and EtOH (130 mL) were put in an autoclave, and

reflux, 24 h; oligo(ethylene glycol) bis(benzyl ether) 5 mmol, 5 wt % Pd/C the autoclave was sealgdg bja§ (8 atm) was introduced mfo the
200 mg, H 8 atm, EtOH 130 mL, 100C, 24 h.¢ Reaction conditions: autoclave, and the reaction mixture was stirred for 24 h at°@00
oligo(ethylene glycol) 1 mmol, monobenzyl-protected oligo(ethylene glycol) The autoclave was allowed to cool at room temperature and
tosylate 3 mmol, NaH 20 mmol, THF 70 mL, reflux, 24 h; oligo(ethylene depressurized to open. The product was obtained by filtration off
glycol) bis(benzyl ether) 1 mmol, 5 wt % Pd/C 200 mg; 8iatm, EtOH palladium-carbon and solvent evaporation as a colorless liquid.
100 mL, 100°C, 24 h. General Synthetic Procedures for Bn-OEG (26-~44-mer).

In a three-necked flaskwere put oligo(ethylene glycol) (1 mmol),

. . L . . . . NaH (480 mg, 20 mmol), and dry THF (50 mL), and dry THF
obtained in quantitative yieldS.Until reaching an oligo(ethylene solution (20 mL) of monobenzyl-protected tetra(ethylene glycol)

glycol) 44-mer, a series of Williamson's ether synthesis and 1osyjate (90% purity, 1.46 g, 3 mmol) was added to the mixture
hydrogenation to remove protecting benzyl group was reiterated gropwise at room temperature. The reaction mixture was refluxed
five times. Fortunately, oligo(ethylene glycol) bis(benzyl ether), for 24 h and then allowed to cool at room temperature. Methanol
even that of 44-mer, was distributed to the organic layer in was added to the reaction mixture to quench excess NaH. The
solvent extraction, so the same procedure could be applied forsolvent was evaporated, and the product was extracted with 5 wt
all experimentd# As shown in Table 1, the yields were almost % aqueous HCI and CHEIThe product obtained by solvent
constant regardless of chain length of oligo(ethylene glycol) evaporation was purified by gel-permeation chromatography (GPC)
where similar reaction conditions were employed. This result &S @ colorless solid (only OE&was a colorless liquid.).

: . General Synthetic Procedures for OEG (26-~44-mer). Oligo-
tSQVSa\I\\IrZ Titmaenry cn;gnt?gI;Eﬁﬁssizl(lg%o\(;imytlﬁigemg;)t/rfgg' at least (ethylene glycol) bis(benzyl ether) (1 mmol), palladium carbon (5
N . o wt %, 200 mg), and EtOH (100 mL) were put in an autoclave, and
In conclusion, a general synthetic method for oligo(ethylene the autoclave was sealeds Has (8 atm) was introduced into the
glycol) toward 44-mer (FW= 1956.35), being a reiteration of  autoclave, and the reaction mixture was stirred for 24 h at’@0
Williamson’s ether synthesis and hydrogenation to remove The autoclave was allowed to cool at room temperature and
depressurized to open. The product was obtained by filtration off

(13) Purification for oligo(ethylene glycol) bis(benzyl ether) was per- pal_ladium—carbon and solvent evaporation as a colorless waxy
formed by gel-permeation chromatography. On the other hand, most oligo- solid.
(ethylene glycol)s were obtained in sufficient purity only by filtration off . . .
palladium carbon and evaporation of solvent. Acknowledgment. This work was financially supported by
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