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Introduction. Poly(ethylene glycols) (PEGs) are well-
known to be nontoxic, biocompatible, and soluble in
water and many organic solvents.1-3 PEG and its
derivatives, PEGXs, are employed in a wide variety of
biotechnical and chemical applications,1,2,4-7 and inter-
est continues in the preparation of new reactive PEGXs
with novel properties.1b,8-11

Diels-Alder polymerizations have proven useful in
the synthesis and elaboration of polymers.12,13 This
spurred our interest in PEGXs containing a diene
moiety.

In the present work, we describe the synthesis and
characterization of a novel PEG derivative, 5-[methoxy-
poly(oxyethylene)]-(3E)-1,3-pentadiene, Ia, and demon-
strate its reactivity toward N-phenylmaleimide. Ia
should be useful for the preparation of a vast array of
mPEG derivatives with potentially useful biomedical
applications, and as a macromonomer in homo- and
copolymerization reactions. To facilitate characteriza-
tion of Ia and its Diels-Alder adducts, a model com-
pound, 5-methoxyethoxy-(3E)-1,3-pentadiene, Ib, has
been synthesized, and its reactivity toward N-phenyl-
maleimide has been investigated.

Experimental Section. Reagents were purchased
from Aldrich. Methoxypoly(ethylene glycol) (mPEG-
2000) was purified conventionally.8 2-Methoxyethanol
(anhydrous) and DMSO-d6 were used as received.
5-Bromo-(3E)-1,3-pentadiene was prepared by published
methods.14,15 N-Phenylmaleimide was recrystallized
from ethanol/water (1:2 by volume).

All 1H NMR spectra were recorded at room temper-
ature on a Varian Gemini-200 spectrometer operating
at 200 MHz, using DMSO-d6 as solvent. Chemical shifts
are referenced to internal TMS and reported in ppm.
Gel permeation chromatography (GPC) was performed
on a Waters liquid chromatograph system equipped with
a differential refractometer, Styragel columns, and
tetrahydrofuran (THF) as eluent. Elemental analyses
were performed by Atlantic Microlab (Norcross, GA).

Synthesis of Ib. Under a nitrogen atmosphere, to a
stirred solution of sodium (0.53 g, 23 mmol) in 2-meth-
oxyethanol (50 mL) at room temperature was added
5-bromo-(3E)-1,3-pentadiene (3.38 g, 23 mmol). The
mixture was stirred overnight and then refluxed for 3
h more. Excess 2-methoxyethanol was removed by
distillation. Water was added to the cooled reaction
mixture, which was then extracted with diethyl ether.
The diethyl ether solution was dried over MgSO4, then
stripped off at reduced pressure. Distillation at 87-88
°C, 31 mmHg (water aspirator), yielded 2.46 g (75%) of
Ib. 1H NMR: δ 3.25 (s, 3H, CH3O-), 3.47(m, 4H,
-OCH2CH2O-), 4.00 (dd, 2H, J ) 1.2 and 6.0 Hz, C5-
H), 5.09-5.16 (dm, 1H, J ) 9.7 Hz, C1-H), 5.19-5.31

(dm, 1H, J ) 16.0 Hz, C1-H), 5.73-5.90 (td, 1H, J ) 6.0
and 14.4 Hz, C4-H), 6.19-6.48 (m, 2H, C2-H and C3-
H).

Synthesis of Ia. mPEG-2000 (8.0 g, 4 mmol) in 120
mL of anhydrous THF, under a nitrogen atmosphere,
was converted to the corresponding alkoxide by drop-
wise addition of n-butyllithium (2.5 M in hexane) in the
presence of triphenylmethane, as indicator, until the
pink color of triphenylmethyl anion persisted. 5-Bromo-
(3E)-1,3-pentadiene (1.5 g, 10.2 mmol) was added and
the mixture stirred overnight and then refluxed for 3 h
more. THF was removed by distillation. The residue was
dissolved in water, extracted with CH2Cl2, and dried
over MgSO4. The CH2Cl2 solution was added to dry
diethyl ether. The precipitated product was collected
and dried under vacuum; yield 5.95 g (72%). 1H NMR:
δ 3.25 (s, 3H, CH3O-), 3.50 (s, mPEG backbone), 4.00
(dd, 2H, J ) 1.2 and 6.0 Hz, C5-H), 5.09-5.16 (dm, 1H,
J ) 9.7 Hz, C1-H), 5.19-5.31 (dm, 1H, J ) 16.0 Hz,
C1-H), 5.73-5.90 (td, 1H, J ) 6.0 and 14.4 Hz, C4-H),
6.19-6.48 (m, 2H, C2-H and C3-H).

Reaction of Ib with N-Phenylmaleimide. Ib (2.3
g, 16 mmol) and N-phenylmaleimide (2.44 g, 14 mmol)
in benzene (50 mL) were refluxed overnight. Evapora-
tion of benzene and removal of unreacted Ib under
vacuum (<0.05 mmHg) left a slightly yellow viscous
liquid; yield 4.19 g (95%).

Cycloadduct IIb (Scheme 1). 1H NMR: δ 2.18-2.73
(overlapping multiplets, 3H, C4-H and 2 C7-H), 3.25 (s,
3H, CH3O-), 3.37-3.47 (m, 4H, C7a-H, C3a-H, and
-OCH2CH2OCH3), 3.54-3.59 (m, 2H, -OCH2CH2-
OCH3), 3.72 and 3.84 (two dd, 2H, ABX pattern with
JAB ) 9.4 Hz, JAX ) 6.1 Hz, and JBX ) 7.7 Hz, -CH2-
OCH2CH2OCH3), 5.84-6.05 (m, 2H, C5-H and C6-H),
7.16-7.54 (m, 5H, Ph). Anal. Calcd for C18H21NO4: C,
68.55; H, 6.71; N, 4.44. Found: C, 67.88; H, 6.53; N,
4.33.

Reaction of Ia with N-Phenylmaleimide. Ia (2.0
g, 0.97 mmol) and N-phenylmaleimide (0.26 g, 1.5 mmol)
in benzene (50 mL) were refluxed overnight. The
mixture was cooled and the product precipitated by
addition to dry diethyl ether. The product was filtered,
washed with diethyl ether, and dried under vacuum
(<0.05 mmHg) overnight; yield 1.95 g (90%).

Cycloadduct IIa. 1H NMR: δ 2.18-2.73 (overlapping
multiplets, 3H, C4-H and 2 C7-H), 3.25 (s, 3H, CH3O-),
3.50 (s, mPEG backbone), 5.83-6.02 (m, 2H, C5-H and
C6-H), 7.14-7.52 (m, 5H, Ph). The two diastereotopic
hydrogens (centered at 3.72 and 3.84 ppm for IIb) as
well as the protons on C7a and C3a were buried under
the spinning sidebands of the mPEG backbone.

Results and Discussion. The reaction of sodium
methoxyethoxide with 5-bromo-(3E)-1,3-pentadiene in
2-methoxyethanol proceeded in a straightforward man-
ner, resulting in 5-methoxyethoxy-(3E)-1,3-pentadiene
(Ib). The relative integration of protons on the meth-
oxyethoxy and pentadienyl units are consistent with the
proposed structure, and the coupling constant for pro-
tons on C3 and C4 was consistent with a trans config-
uration (J ) 14.4 Hz). The 1H NMR spectrum also
indicated that the resonances at 4.20 ppm due to the
methylene protons of 5-bromo-(3E)-1,3-pentadiene had
been replaced with a new doublet of doublets at 4.00
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ppm for the oxymethylene protons attached to the diene
moiety.

Similarly, 5-[methoxypoly(oxyethylene)]-(3E)-1,3-pen-
tadiene, Ia, was prepared from the reaction of mPEG
alkoxide with 5-bromo-(3E)-1,3-pentadiene in THF. In
the 1H NMR spectrum of Ia, resonances assignable to
the pentadienyl moiety are nearly identical to those on
the model compound, Ib. The relative integration of the
peaks for the terminal methoxy protons from the mPEG
to the dienyl protons was consistent with a 1:1 mPEG
to dienyl ratio. Further, the proton spectrum showed
no observable resonance for hydroxyl proton at 4.56
ppm, demonstrating that substitution was complete.

The reactions of Ia and Ib with N-phenylmaleimide
were then examined (Scheme 1).

In the 1H NMR spectrum of IIb, the ratios of integra-
tions were consistent with a 1:1 Ib:N-phenylmaleimide
adduct. The four olefinic resonances assignable to the
diene moiety of Ib were replaced by two olefinic proton
signals at 5.84-6.05 ppm. Similarly, the peaks assigned
to -OCH2-diene at 4.00 ppm were replaced by two
second-order doublets of doublets for the same methyl-
ene group centered at 3.72 and 3.84 ppm. In principle,
the N-phenylmaleimide could add to the diene via either
an endo or exo transition states, so two enantiomeric
pairs of products are possible. However, the 1H NMR is
consistent with a single pair of enantiomer, and litera-
ture precedence suggests that endo addition should be
preferred in this case.16

The 1H NMR spectrum of IIa was similar to that of
IIb. The ratios of methoxy protons to either olefinic
protons or the aromatic protons were as required by the
structure. However, spinning sidebands from the mPEG
backbone overlapped with resonances from the meth-
ylene attached to the mPEG, preventing complete
analysis.

The GPC analyses of Ia and IIa confirmed that the
PEG backbone maintained its integrity throughout the
reactions and that no polymerization of the diene
occurred.

Acknowledgment. The author acknowledges Drs.
Richard Biagioni and Robert Zey for helpful discussions
and SMSU for a faculty grant.

References and Notes

(1) (a) Poly(ethylene glycol) Chemistry. Biotechnical and Bio-
medical Applications; Harris, J. M., Ed.; Plenum: New York,
1992. (b) Zalipsky, S.; Lee, C. In ref 1a,Chapter 21.

(2) Harris, J. M. Polym. Prepr. (Am. Chem. Soc., Div. Polym.
Chem.) 1997, 38 (1), 320.

(3) Bailey, F. E., Jr.; Koleske, J. V. Alkylene Oxides and their
Polymers; Marcel Dekker: New York, 1991.

(4) Separation Using Aqueous Two-Phase Systems, Applications
in Cell Biology and Biotechnology; Fisher, D., Sutherland,
I. A., Eds.; Plenum: London, 1989.

(5) Abuchowski, A.; Van Es, T.; Palczuk, N. C.; Davis, F. F. J.
Biol. Chem. 1977, 252, 3578.

(6) Poly(ethylene glycol): Chemistry and Biological Applications;
Harris, J. M., Zalipsky, S., Eds.; ACS Symposium Series:
American Chemical Society: Washington, DC, 1997.

(7) Stealth Liposomes; Lasic, D., Martin, F., Eds.; CRC Press:
Boca Raton, FL, 1996.

(8) Nagasaki, Y.; Okada, T.; Scholz, C.; Iijima, M.; Kato, M.;
Kataoka, K. Macromolecules 1998, 31, 1473.

(9) Nagasaki, Y.; Ogawa, R.; Yamamoto, S.; Kato, M.; Kataoka,
K. Macromolecules 1997, 30, 6489.

(10) Herman, S.; Hooftman, G.; Schacht, E. J. Bioac. Compat.
Polym. 1995, 10, 145.

(11) Zalipsky, S. Bioconjugate Chem. 1995, 6, 150.
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