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Figure 2. Plot of I'Y/2 vs. g2 for PIB/PMMA particles doped with
0.5% (Cg5H;)Pb and suspended in an ethanol/water mixture.
The data plotted are those in excess of thermal density fluctuation
scattering.
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Figure 3. Plot of I''/2 vs. g2 for PIB/PMMA particles doped with
1% (CeHjg),Pb and suspended in an ethanol/water mixture.

pure PIB. This, however, is not correct since grafting
between the PMMA and PIB chains would lead to a dif-
fuse interface between the phases. It is clear though that
small-angle X-ray scattering shows evidence of the for-
mation of microphases and, in fact, two different size scales
are observed. What is not clear, at present, is the precise
meaning of these size scales.

Up to this point, attention has been focused on the
angular dependence of the scattering, and, as shown in eq
4, the mean square fluctuation of the election density
difference should provide information on the actual den-
sities of the phases giving rise to the observed scattering.
While measurements were performed on an absolute level,
evaluation of the electron density difference between the
phases was not reliable for several reasons. First, it is
necessary to know the volume fractions of the phases giving
rise to the scattering. This, as mentioned before, is not
possible with any degree of precision. Second, it is clear
from the results presented that the phases are not mono-
disperse in size and a significant proportion of the scat-
tering occurs at scattering angles that are not accessible
experimentally. Thus, the total integrated scattering from

which (An)? is obtained would be low due to truncation
effects. Finally, it would be necessary to assume that the
distribution of the (C¢Hj;),Pb in the PIB phase is uniform
and that the extent of penetration of the (CgH;)Pb into
the PIB is smail. Thus, while measurement of the total
integrated scattering could yield, in principle, the electron
density difference between the individual phases, too many
assumptions and restrictions were encountered to make
even qualitative use of this quantity.

In conclusion, small-angle scattering measurements on
PIB-stabilized PMMA particles doped with (C¢Hg),Pb
show clearly that there are microphase-separated regions
within the particles. This is consistent with our previous
hypothesis.* The size scales of the heterogeneities are
consistent with our previous fluorescence energy-transfer
studies in further support of our model.

Registry No. (IB)(MMA) (copolymer), 30971-07-4.
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Communications to the Editor

Monolayer Polymerization of Methyl
2-(Octadecanamido)propenoate: An Amphiphilic
Captodative Monomer Based on Dehydroalanine

We recently began exploring the polymerizability of a
new family of dehydroalanine monomers 1 available in high
yield from DL-serine.! The common ¢ehydroalanine
structure offers enormous potential as a basic building
block for functional polymers. First, it offers two sites for
derivatization: a carboxyl moiety capable of existing as
a free acid, carboxylate anion, and a wide range of ester
and amide derivatives; and an enamine nitrogen which may
be converted to a host of amide or amine derivatives.
Second, dehydroalanines are unusually active in free rad-

ical polymerizations. In our work, for example, one sample
of the decanamide derivative (1, n = 8) spontaneously
formed polymer of over 15 million molecular weight.!
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Captodative stabilization of the propagating radical
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Figure 1. Pressure vs. area curves for (a) methyl stearate, (b)
stearic acid (pH = 2), and (c) monomer 1 at 20.2 °C at the
air/water (pH = 5.6) interface.

offers one explanation for such behavior; i.e., the nitrogen
lone pair electrons offer donor (dative) stabilization while
the carbonyl provides (capto) resonance stabilization in-
volving the C=0 bond:?

X
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Our goal in synthesizing the long-alkyl derivatives of 1
was to examine their potential to form and polymerize in
organized structures such as monolayers and vesicles. We
report here initial results confirming monolayer polym-
erization of the stearic acid derivative (1, n = 186).

Experimental. Stearoyl chloride (Aldrich) and 3-
chloroalanine methyl ester hydrochloride! were reacted in
cold benzene using triethylamine (Aldrich) as base on a
50-mmol scale in quantitative yield. The monomer was
recrystallized three times from hexanes, mp 53.6-54.5 °C,
and was analytically pure by GLC.

Poly(methyl 2-(octadecanamide)propenoate) was ob-
tained by free radical polymerization of a 10% solution
in hexanes at 60 °C with Vazo-67 initiator (Du Pont).
Polymer was purified by precipitation from THF into
methanol and drying under high vacuum; [n] = 1.59 dL/g,
M, = 1.72 %X 10° by LALLS (both at 25 °C in THPF).

All monolayer experiments were performed on a ther-
mostated Lauda Langmuir film balance (Messgerate-Werk
Lauda, FRG) using degassed, deionized water. Carefully
weighed aliquots of the standards or stearamide monomer
were dissolved in hexane (Alfa, 99+ %) to give 10° M
solutions. Compression began 15 min after deposition and
all experiments (compression and expansion) were run at
a specific rate of 3 A2 molecule™ min! on a bulk water
subphase temperature of 20.2 £ 0.5 °C, with a relative
humidity of 55-65%.

Polymerizations required a nitrogen atmosphere and
water purged with nitrogen prior to use as the subphase.
The monomer film was held under constant pressure for
155-260 s until the change in area over time was less than
2.1 cm?/min. The film was then exposed to two 15-W UV
lamps (Sylvania germicidal) positioned 8 cm above the
gas/water interface. The barrier was then expanded to
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Figure 2. Area vs. time plot of UV-initiated polymerization of
monomer held at (a) 12 dyn/cm and (b) 25 dyn/cm constant
pressure.
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Figure 3. Pressure vs. area curves for (a) monomer 1, (b) UV-
polymerized monolayer, and (c) free radical polymer.

its maximum area. After 5 min the monolayer was com-
pressed and expanded to obtain the surface pressure vs.
area curves. Three replicate polymerizations were carried
out at each constant pressure while monitoring area
change. Polymer identity was confirmed by '"H NMR and
FTIR, with the latter carried out on as-obtained thin films
using an ATR cell and as a KBr pellet.

Results and Discussion. Monolayer pressure—area iso-
therms recorded for monomer 1, steric acid, and methyl
stearate are shown in Figure 1. Average values for the area
per molecule at collapse were 23.6 = 0.1, 19.3 £ 0.4, and
17.7 + 0.7 A2, respectively, with associated collapse pres-
sures of 41.0 £ 1.2, 55.2 * 1.0, and 45.1 £ 0.9 dyn/cm.
Values for the standards compared well with published
values.®®

Figure 2 gives typical curves obtained for polymeriza-
tions at constant pressures of 12 and 25 dyn/cm. Each
shows an induction period of 75 and 66 s, respectively. The
initial rapid decrease in area leveled off at 380-460 s.
Relative rates of the initial linear portions of the graphs
(ca. 150 s) were compared. The rate at 25 dyn/cm was
found to be 1.6 times greater than that at 12 dyn/cm. This
rate increase is consistent with an increase in orientation
due to the closer packing of the monolayer at the higher
pressure. Intermolecular amide hydrogen bonding may
also contribute to the orientation of the monomer at the
gas/water interface.

Initial confirmation of polymer formation was obtained
from the differences in the #—A curve for the monol-
ayer-polymerized product compared to monomer and so-
lution-polymerized material (Figure 3). Most important
was the increase in the sharpness of the compression
transition and collapse pressure (>60 dyn/cm?) for the
monolayer polymer compared to monomer. The curve for
a prepolymerized sample shows a broad pressure increase
with a compression transition (change in slope) at 21 A2
similar to monomer but very different from the in situ
polymerized monolayer. Similar results have been ob-
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tained by others in the polymerization of monomers in
monolayers.®’

We conclude that well-behaved monolayers are formed
from this monomer and that UV-initiated polymerization
takes place to give greatly stabilized and less compressable
monolayer products containing polymer and residual
monomer.
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Ring-Opening Polymerization of Cyclooctyne

The ring-opening polymerization of cyclic olefins by
olefin metathesis catalysts is now well-known,! and well-
characterized catalysts are being discovered that allow one
to prepare living polymers of this type.? Acetylene me-
tathesis catalysts also are now well characterized.® The
fact that their reactivity also can be altered greatly by the
choice of metal (Mo or W) and the nature of the alkoxide

‘ligand system created the possibility that an acetylene
metathesis catalyst could be designed that would polym-
erize cyclooctyne (ring strain ~9 kcal mol™) by metath-
etical ring opening to give a living polymer. We report here
a successful system of this type.

Acetylene metathesis catalysts that are highly active for
the metathesis of internal acetylenes (e.g., W(CR)(O’Bu);*)
are not suitable for the controlled ring opening of cyclo-
octyne since the alkylidyne also will react with triple bonds
in the growing chain. However, catalysts that are much
less active are obtained simply by changing the metal from
W to Mo.3 In fact, Mo(C!Bu)(OtBu); will not react with
3-heptyne, although it will react rapidly with 1-pentyne
(eq 1).33 Mo(CPr)(0'Bu); (1a) reacts only very slowly with

Mo(C*Bu)(0‘Bu); + PrC=CH —
Mo(CPr)(0'Bu); + ‘BuC=CH (1)

3-heptyne over several hours at 25 °C in benzene or tolu-
ene. The most characteristic features in the :!H NMR
spectrum of Mo(CPr)(0'Bu); in CgDg (Figure 1a) are sig-
nals for the Mo=CCH,CH,CH, protons at 2.95 ppm and
the Mo=CCH,CH,CHj, protons at 0.74 ppm. Upon ad-
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Figure 1. (a) 'H NMR spectrum of (a)Mo(CCH,CH,CH,)-
{OCMez); in CgDg; (b) 'H NMR spectrum of Mof{[C-
(CH,)C],CPr}(OCMe;); prepared by adding 15 equiv of cyclo-
octyne to the sample of Mo(CPr)(OCMey)s.

dition of 15 equiv of cyclooctyne these signals disappear
and are replaced by those characteristic of what we believe
to be Mo{[C(CH,)¢C].CPr}(O’Bu); (1b, Figure 1b); the
Mo=CCH,R signal can be seen clearly at 3.02 ppm and
the signal for the methyl group in the propyl cap at 0.92
ppm. The 3C NMR spectrum (in CgDg) of the product
made with 20 equiv of cyclooctyne exhibits a resonance
at 80.4 ppm (among other expected resonances) that is
shifted significantly from that for cyclooctyne at 94.5 ppm.*
The range of chemical shifts for acetylenic carbon atoms
in linear acetylenes is 75-90 ppm, while the range of
chemical shifts for olefinic carbon atoms is 100-145 ppm.
On this basis we contend that a ring opening has occurred,
rather than formation of a polyene.

If only 1-5 equiv of cyclooctyne are added to Mo-
(CPr)(O'Bu)s, all of the cyclooctyne is consumed, but not
all of la is converted into 1b, and the relative amounts of
la and 1b vary from one experiment to another. The
failure to convert all of 1a into 1b could be due either to
a fast reaction between cyclooctyne and 1a relative to the
rate of mixing or to a slower rate of reaction of cyclooctyne
with 1a than with 1b. The latter would be surprising; la
was chosen as the initiator precisely so that it would react
with cyclooctyne as rapidly as the propagating species 1h.
The former also is more consistent with different initial
ratios of 1a to 1b being observed.

Over a period of 24 h the ratio of 1a to 1b slowly changes
to reach what we believe to be equilibrium values (Table
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