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and isolated as a crystalline product as evidenced by single-crystal
X-ray analysis and *'P NMR."™ Thus, as originally anticipated,
from inspection of molecular models, easier access by the bulky
base to the pro-R hydrogen in the R,R reagent, for example, leads
to a carbanion that shows high diastereofacial bias."’

Reagents of the type described in this work are unique because
of their inherent topology, chirality, and symmetry elements, which
are integral parts of the molecules, and they differ from other
types of phosphorus reagents where asymmetric induction in
olefination has been reported.* The synthesis of optically en-
riched (alkylcyclohexylidene)ethanes®® and alkylphosphonamides
such as demonstrated in the present study may find applications
in the synthesis of vitamins,?® pheromones,?! etc. as well as in the
design of novel chiral catalysts.??
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In this communication we describe the use of surfactant vesicles
as templates for the synthesis of ultrathin spherical polymer
membranes. Microspheres that are produced upon removal of
the lipid bilayer are termed “ghost vesicles”.

We have previously reported the synthesis of a new class of
polymerized vesicles in which a lipid bilayer is encased within
concentric polymeric counterions.> Recently it occurred to us
that by forming cross-linked analogues, it might be possible to
extract the surfactant bilayer and to leave behind extremely thin

(1) Supported by the Division of Basic Energy Sciences of the Department
of Energy, Contract EG-77-§-02-4446 (Marquette), and by NIH Grant
1R0IGM31975-01 (Brookhaven).

(2) Regen, S. L.; Shin, J.-S.; Yamaguchi, K. J. Am. Chem. Soc. 1984, 106,
2446.

Figure 1. Electron micrographs of 3: (A) 2% uranyl acetate stain (bar
represents 3000 A); (B) STEM (bar represents 5200 A); (C) STEM (bar
represents 2600 A).

polymeric spheres. We further reasoned that such “ghost vesicles”
would not only be unique in structure, but that they also could
be of considerable practical value. They could, for example, serve
as attractive packaging material for the encapsulation of metal
colloids, enzymes, and other catalysts.? Because of their thinness,
the barrier toward mass transport of reactants into and products
out of the carrier should be minimal. In addition, ultrathin
membranous compartments might constitute an ideal medium for
separating donor and acceptor species over short distances, making
highly efficient energy- or electron-transfer processes possible.*
With these ideas in mind, we have begun to focus on the feasibility
of preparing such polymers. In this report we now describe the
synthesis and preliminary characterization of the first example
of a ghost vesicle, derived from polymerized vesicles of diallyl-
ammonium dihexadecylphosphate (1) plus sodium dihexadecyl-
phosphate (2).

Dihexadecylphosphoric acid was converted into 1 by treatment
with diallylamine in ethanol /water (6 /4); the resulting surfactant
was recrystallized from ethyl acetate and gave the expected 'H
NMR spectrum. Dispersal of 118 mg (0.18 mmol) of 1 plus 104
mg (0.18 mmol) of 2 in 100 mL of water, via vortex mixing and
sonication at 80 °C (to constant turbidity), afforded a stable vesicle
dispersion. Thin-layer chromatography indicated that no lipid
decomposition occurred during sonication [silica gel, 1:1
CHCl;/CH30H, R(1) 0.75; R(2) 0.70]. Vesicle polymerization
was carried out by direct UV irradiation at 254 nm (12 h) under
a nitrogen atmosphere using procedures similar to those previously
described.® Thin-layer chromatography indicated the disap-
pearance of 1, retention of 2, and a product remaining at the origin.
Temperature-dependent turbidity measurements (400 nm) con-
firmed the presence of bilayers, before and after photo-
polymerization; both exhibited a well-defined phase transition in
the expected range of 63-66 °C.% The resulting dispersion was
(a) treated with 20 mL of 1.0 M HCI and stirred at room tem-
perature for 6 h, (b) dialyzed twice against 2 L of water for 24
h, and (c) freeze-dried. After the successive and dropwise addition
of chloroform (10 mL) and ether (10 mL), the mixture was
allowed to stand for 6 h. The vesicular ghost was then collected
by filtration and dried [24 h, 25 °C (0.05 mm)], yielding 15.3
mg (62%) of 3. Anal. Calcd for a polymer having a repeating
unit consisting of C¢H,,NCI-'/,H,O: C, 52.17; H, 9.12; Cl, 25.67,
N, 10.14; P, 0.00. Found: C, 52.18; H, 9.00; CI, 25.57; N, 9.88;
P, 0.05. The IR spectrum of 3 showed nearly complete disap-
pearance of the olefinic absorption band ve_¢ 1635 ecm !, indi-
cating that the extent of polymerization is high.

(3) Kurihara, K.; Fendler, J. H. J. Am. Chem. Soc. 1983, 105, 6152.
Tricot, Y. M.; Fendler, J. H. Ibid. 1984, 106, 2475.

(4) Calcaterra, L. T.; Closs, G. L.; Miller, J. R. J. Am. Chem. Soc. 1983,
105, 670.

(5) Regen, S. L.; Singh, A.; Ochme, G.; Singh, M. J. Am. Chem. Soc.
1982, 104, 791.

(6) Okahata, Y.; Ando, R.; Kunitake, T. Ber. Bunsenges, Phys. Chem.
1981, 85, 789.
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Figure 2. Electron micrograph of a stained (uranyl acetate) thin section
of 3 (bar represents 2000 A).

Redispersal of 3 (0.5 mg) was readily achieved by simple vortex
mixing in distilled water (2.0 mL) at 60 °C. Passage of this
dispersion through a Sephadex G-50 column afforded an 84%
recovery of the polymer in the void volume of the column (nitrogen
analysis).” Electron microscopic examination (negative staining)
confirmed the presence of closed spheres having diameters ranging
between ca. 200 and 2000 A (Figure 1A). Incubation of the
dispersion with an aqueous solution containing (**C)sucrose for
100 h at room temperature, followed by gel filtration (Sephadex
G-50), resulted in negligible entrapment of the marker.> The
inability of these ghosts to retain low molecular weight species
is nresumed to be due to the absence of a continuous lipid layer.

Examination of an unstained dispersion by scanning trans-
mission electron microscopy (STEM) at low magnification re-
vealed a size distribution similar to that found by negative staining
(Figure 1B).%? A plot of the measured mass for a representative
sample of ghosts (46 particles having diameters ranging from 100
to 520 A) as a function of particle radius gave a best fit to a hollow
sphere model with a membrane thickness of 14 A (assuming a
density for the bulk polymer of 0.92).!° Virtually none of the
data fell within a solid sphere model. Some of the membranes
of the larger ghosts appeared to be torn (Figure 1C). Analysis
of such vesicles (600-2300 A diameter) indicated an apparent
quantization in membrane thickness; i.e., the thinnest layers ob-
served were 14 A; most other thicknesses measured were ca. 28,
42, or 56 A. We presume that the larger thicknesses observed
are due to vesicle aggregation.

In principle, every surfactant bilayer containing 1 should be
capable of generating two concentric polymeric spheres. Electron
micrographs of stained thin sections of 3 (ca. 900 A) not only
confirm their hollow nature but also reveal regions where two
distinct membranes can be identified (Figure 2). Whether or
not portions of these membranes have joined together during the
polymerization remains to be established. Polymerization of 1
in the highly condensed vesicular state is expected to result in
substantial cross-linking and the formation of a porous network,'"!2
i.e., the generation of type I monomer units. The observed

x + 7
CHpCHCHyNH»CH,2CHCH» H or ?LE-J/?L
+ ol N N
H/ M H7 \H
Cl Cl
I I

(7) Regen, S. L.; Bolikal, D. Macromolecules 1984, 17, 1287.

(8) Wall, J. In “Introduction to Analytical Electron Microscopy”; Hren,
J. J., Goldstein, J. L., Joy, D. C., Eds.; Plenum: New York, 1979; p 333.

(9) Mosesson, M. W.; Hainfeld, J.; Wall, J.; Haschemeyer, R. H. J. Mol.
Biol. 1981, 153, 695.

(10) Ultracentrifugation (100000 rpm, 30 min) of an aqueous dispersion
of 3 in pure water indicated a very slow rate of flotation. Taking 1.00 g/cm?
as an upper limit for the density of the bulk polymer, and 0.85 g/cm? (density
of polypropyleneimine) as an estimate for the lower limit, the density of 3 is
estimated to be ca. 0.92 g/cm’; within a density range 0.75-1.00 g/cm’ the
calculated membrane thickness varied by less than 25%.

(11) Butler, G. B.; Crawshaw, A.; Miller, W. L. J. Am. Chem. Soc. 1958,
80, 3615. Butler, G. B.; Angelo, R. J. Ibid. 1957, 79, 3128. Butler, G. B;
Raymond, M. A. J. Polym. Sci., Part A 1965, 3, 3443,

(12) Lancaster, J. E.; Baccei, L.; Panzer, H. P. J. Polym Sci., Polym. Lett.
Ed. 1976, 14, 549.

retention of the spherical state of 3 in water provides very strong
indirect evidence for the existence of such cross-linking. The extent
to which competing cyclopolymerization occurs (yielding 5- or
6-membered rings 11 in each of the monolayers), however, is less
certain.

Experiments now in progress are aimed at defining and con-
trolling the porosity of 3, further characterizing its membrane
structure, and extending this methodology to the synthesis of
related polymer colloids. The results of these studies will be
reported in due course.
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In conjunction with our mechanistic studies of the catalytic
hydrogenation of alkenes using exo-nido-[(PPh;),Rh][7,8-u-
(CH,);-7,8-C,BgH ] (1), we have observed the metal-promoted
insertion of an activated alkene into a terminal B—H bond of the
carborane ligand of I. We report here the synthesis* and X-ray
crystallographic structure determination® of the product of this
reaction, exo-nido-[(PPh;),Rh][7,8-u-(CH,);-10-[(CH,),C(O)-
O(CH,);CH3]-7,8-C,BgHg] (I1), and propose a mechanism for
its formation from I.

The molecular structure of II (Figure 1) consists of a rhodi-
um(I) bis(triphenylphosphine) moiety attached to a nido C,B,
icosahedral fragment through a pair of three-center, two-electron
Rh-H-B bonds. The unique BH at vertex 10 in I has been
transformed into B(CH,),CO,(1-C,Hy) in Il by formal hydro-
boration of the acrylate ester.

(1) Long, J. A.; Marder, T. B.; Behnken, P. E.; Hawthorne, M. F. J. Am.
Chem. Soc. 1984, 106, 2979-2989.

(2) Knobler, C. B.; Marder, T. B.; Mizusawa, E. A_; Teller, R. G.; Long,
J. A.; Hawthorne, M. F. J. Am. Chem. Soc. 1984, 1006, 2990-3004.

(3) (a) Behnken, P. E.; Belmont, J. A.; Busby, D. C.; Delaney, M. S.; King,
R. E., I1I; Kreimendahl, C. W.; Marder, T. B.; Wilczynski, J. J.; Hawthorne,
M. F. J. Am. Chem. Soc. 1984, 106, 3011-3025. (b) Behnken, P. E.; Busby,
D. C.; Delaney, M. S.; King, R. E., I1I; Kreimendahl, C. W.; Marder, T. B.;
Wilczynski, J. J.; Hawthorne, M. F. J. Am. Chem. Soc., in press.

(4) A 10 mL of THF solution containing 0.50 g (0.57 mmol) of I, 4.0 mL
(28 mmol) of 1-butyl acrylate, and a trace of hydroquinone was stirred at 40
°C for 5 days in a sealed Pyrex tube. Concentration of the solution in vacuo
and addition of heptane produced dark red crystals of 11 in 69% yield. Anal.
Calcd for C,4H3BoP,O,Ph: C, 62.04; H, 6.29; B, 10.47; Rh, 11.08; P, 6.67.
Found: C, 62.22; H, 6.58; B, 10.14; Rh, 10.66; P. 6.73. Results from spec-
troscopic analysis were consistent with the observed structure and with pre-
viously reported structures.'?

(5) Crystal data for II: A red, thin, irregularly shaped parallelepiped
crystal suitable for X-ray analysis was grown from pentane/CH,Cl, by vapor
diffusion under N,. Triclinic, P1; a = 12.404 (3) A, b = 13.826 (4) Ac=
14.941 (4) A, a = 95.58 (2)°, 8 = 101.92(2)°, vy = 109.35(2)°; V = 2327
(4) A% Z = 2, dy0q = 1.326 g/cm?; u(Mo Kar) = 4.68 cm™'. An automated
diffractometer (Syntex P1) was used to gather 6220 reflections with I > 3(1),
corrected for absorption, with the crystal at 133 K. The structure was solved
by using standard Patterson, Fourier, and least-squares techniques and refined
to residuals of R = 0.053 and R,, = 0.064 with a “goodness-of-fit” index of
1.66. R = ¥(|F| ~ [F)/SIFol; Ry = [Sw(Fo| - |Fd)?)/ S (wFof)]'/ where
w= [l /ZFB]2; “goodness-of-fit” = [ [w(|Fy| - IFclzl /(Nowsa = Nparamclcrs)] e
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