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diction taking a capture process between the ends of a 
Gaussian chain into consideration. The range of hydro- 
phobic interaction between pyrene ends is approximately 
40 A as determined from experimental data for three 
different molecular weights. The addition of methanol 
decreases the range of hydrophobic attraction up to 40% 
with the range staying constant beyond that methanol 
content. This implies that the hydrophobic attraction is 
not completely eliminated even in pure methanol. 
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Considerable attention has recently been paid to phos- 
pholipids because they are known to be important building 
units of biological From this point of view, 
it seemed attractive to investigate the behavior of poly- 
meric phospholipid analogues. During the past 10 years, 
a large amount of our effort has been directed toward the 
syntheses and properties of polymers containing phos- 
phatidylethan~lamine~,~ or choline5s6 analogues in the side 
chains. In addition, we have recently reported the 
syntheses and some properties of polymers containing 
phosphatidylcholine analogues in the main chains.'~~ Our 
continuing interest in this type of ring-opening polymer- 
ization prompted us to design new monomers having both 
dimethylamino and 2-oxo-1,3,2-dioxaphospholan-2-yloxy 
functions as terminal groups, where the linkages between 
the terminal groups are as listed below. 

We now wish to report the first synthesis of poly- 
(phosphatidylcholine) analogues whose structures are 
particularly interesting as biochemical models. Thus, 
monomers I were synthesized and their subsequent po- 
lymerization was carried in DMF to give the corresponding 
poly(phosphatidylcho1ine) analogues 11. 

As starting materials, 2-(dimethylamino)ethanol, 11- 
(dimethylamino)decanol, and p- [ (dimethy1amino)ethan- 
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amido] phenol were used. 11-Bromoundecanol was pre- 
pared by lithium aluminum hydride reduction of 11- 
bromoundecanoyl chloride which has been synthesized by 
reaction of 11-bromoundecanoic acidg with thionyl chloride. 
p- [ (Dimethylamino)ethanamid~]phenol'~ was prepared by 
reaction of dimethylamine with p-acrylamidophenol" 
which had been obtained by the reaction of p-acryloyl 
chloride with p-aminophenol. 

Monomers I*+ were prepared in good yield by reaction 
of the appropriate materials with 2-chloro-2-oxo-1,3,2-di- 
oxaphospholane in THF in the presence of a 3-fold excess 
of triethylamine at  -10 OC for 2 h. Charactrization of these 
monomers was based on their lH NMR spectra.12 The 
polymerization was carried out by heating these monomers 
in DMF at 60 "C for 20 h. In a typical experiment, the 
'H NMR spectra change of the polymerization of IA was 
followed. The peak due to NCH, protons of IA at  6 = 2.55 
ppm disappeared, whereas a new peak due to N+CH3 
protons appeared a t  3.30 ppm. Peaks arising from the 
phospholane ring OCHz protons appeared at  3.50 and 
4.10-4.40 ppm and were assigned to the ring-opened N+- 
CH2 and OCHz protons, respectively. These observations 
indicate that the ring-opening polymerization of IA af- 
forded a new polyionene-containing phosphatidylcholine 
analogous structural units along the main chain. Char- 
acterization of the resulting polymers was based on their 
'H NMR and IR spectra as well as elemental analyses.', 
These polymers are hygroscopic and soluble in water and 
methanol but almost insoluble in acetone, diethyl ether, 
and benzene. 

Gel permeation chloromatography (GPC) measurements 
of these polymers were carried out in water with TSK- 
GEL-(G5000PW + G3000PW) columns. From the rela- 
tionship between retention time and molecular weights 
derived for narrow-distributed standard poly(ethy1ene- 
glycol)s, the weight-average molecular weights of IIA, IIB, 
and IIC were estimated as 15 000, 16 000, and 10 000, re- 
spectively. 

In previous w ~ r k , ~ , ~  we have found that vinyl polymers 
having phosphatidylcholine in the side chains show the 
properties of polyelectrolytes in their viscosity behavior 
in aqueous solution. In contrast with these studies, we 
have recently found that polymers containing phospha- 
tidylcholine analogues in the polymer backbone do not 
show polyelectrolyte behavior but show instead a linear 
increase of reduced viscosity versus concentration of the 
polymer.' Accordingly, it is very interesting to determine 
whether the new polymers are polyelectrolytes or not. 
Therefore, viscosity measurements were performed at  25 
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Figure 1. Reduced viscosity of IIA in aqueous solutions at 25 
O C :  (0) in pure water; (0) in 0.005 mol/L KCl. 

"C in the presence and absence of potassium chloride. 
Figure 1 show plots of the reduced viscosity, vaP/c, versus 
c for IIA in aqueous solutions, where c is expressed in grams 
per 100 mL. In pure water, qSp/c was found to increase 
rapidly upon dilution, whereas the addition of potassium 
chloride eliminates the increase. Thus, polymer IIA shows 
polyelectrolyte behavior. 
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Communications to the Editor 
Poly(exo-5-hydroxynorbornene): A Functional 
Polymer Using Metathesis Polymerization of an 
Organoborane Derivative 

Polymers that have a variety of functional groups are 
finding applications in areas such as solid-phase synthesis, 
polymer-bound catalysts, polymer-bound drugs, etc. The 
sensitivity of most organometallic catalysts toward func- 
tional monomers with heteroatoms, such as 0, S, and N, 
has often hampered their utilization in the synthesis of 
functional polymers. 

Ring-opening metathesis polymerization of functional 
monomers has met with only limited success.l Some very 
recent investigations using RuC1, catalysts, however, ap- 
pear to hold more promise in terms of their application 
for the synthesis of functional polymers.2 Considerable 
progress in the synthesis of transition metal (W and Mo) 
alkylidene complexes3 during the past few years has led 
to a greater understanding of the steric and electronic 
environment around the metal center necassary for these 
complexes to effect living polymerization and also to be 
functional group compatible. A t  present, living ring- 

opening metathesis polymerization has been possible only 
with cyclic olefins that possess considerable ring strain, 
such as norbornene. In general, the living and functional 
group tolerant catalysts are thus relatively less active and 
therefore are most effective for the polymerization of 
strained ring olefins." Our approach to functional polymers 
has been directed toward the development of monomers 
that are stable to transition-metal catalysts and are 
quantitatively convertible to functional polymers after 
polymerization. This approach would allow us to access 
a much wider range of monomers by using more reactive 
catalysts that are usually very susceptible to functional 
groups. The transformation of organoboranes to  a variety 
of functional groups has been well established in small 
organic  molecule^.^ We have recently demonstrated that 
alkenylboranes can be polymerized by a Ziegler-Natta 
process and that the poly(borane)s thus produced can be 
quantitatively converted to poly(alcohol)s.6 Such mono- 
mers can further be copolymerized with 1-alkenes to give 
hydrocarbon polymers with varying degrees of function- 
a l i~a t ion .~  We have now extended this approach to the 
synthesis of functional polymers by ring-opening metath- 
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