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gas phase or on the catalyst surface, which is not molecular
oxygen.? This mechanism requires (i) an equilibrium of [O7] with
simple alkanes to form the surface species [R-H--0"7], (ii) the
value of the appropriate equilibrium constants to be in the order
C,D¢ > C,Hg > CHy, (iii) that the CH; or C,H; radicals formed
by the [O7] site are the precursors of CO,, and (iv) that the direct
oxidation of CHy, C,Hg, C,Hs, or CH;3 by molecular gas-phase
O, is not kinetically important under the chosen reaction con-
ditions. In this mechanism, the reduction in the CH,4 conversion
on addition of the C;Hg, and the switch in the origin of the CO,
from the CHj, to the additive, are initiated by the competition in
il above.

A full analysis of these and other similar results will be presented
elsewhere. It appears, however, that the above results could
complicate the analysis of isotope replacement experiments which
have been interpreted® as showing that the rate-determining step
of the oxidative coupling reaction was the rupture of the C-H
bond of the CH4 molecule. This conclusion was in contrast to
other evidence,? which suggested that the rate of lattice oxygen
exchange (and hence the formation of the active species [O7])
was rate determining.

(5) (a) Buevskaya, O. V.; Suleimanov, A, L.; Aliev, S. M.; Sokolovskii, V.
D. React. Kinet. Catal. Lett. 1987, 33, 223. (b) Mimms, C. A.; Hall, R. B,;
Rose, K. D.; Myers, G. R. Catal. Lett. In press. (c) Cant, N. W.; Lukey, C.
A.; Nelson, P. F.; Tyler, R. J. Chem. Soc., Chem. Commun. 1988, 766.
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The rationale for synthetic modification of biological lipids, such
as lecithins, to include polymerizable groups such as diacetylenes,'™
methacrylates, vinyl groups, and thiols® is to design and create
inherently stable, polymerizable, self-assembling microstructures.
The polymerization of these moieties has been shown to alter
functional properties of these microstructures including changes
in permeability and to enhance stability to extremes in temperature
or hydration.® The synthetic modification of lecithins has also
been found to result in the formation of microstructures with
unique morphologies and functional properties.>® One such
assembly is the formation of hollow cylinders (or tubules) from
the diacetylenic phosphatidylcholines.” Tubules are typically 5-150
pum in length, with a 0.5-um core surrounded by two to seven
bilayers.

The sequestering of nonpolar moieties of biological amphiphiles
from water is thought to be an important driving force for self-
assembly into supramolecular structures.® We have discovered
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Figure 1. Calorimetric trace of heating and cooling of the diacetylenic
phosphatidylcholine, 1,2-d1-10,12-tricosadiynoyl-sn-glycero-3-phospho-
choline in acetonitrile. The transition temperature on heating was ob-
served at 42.5 °C upon heating with an enthalpy of 17.8 kcal/mol.
Cooling revealed on exothermic event at 31.5 °C with an enthalpy of 18.9
kcal/mol. All experiments were performed at a scan rate of 1 °C/min
and sample weights determined by gravimetric analysis before and after
loading of a pan with the solution of lipid and acetonitrile in a glove box
purged with dry nitrogen.

Figure 2. (a) Dark-field optical micrograph of tubules formed in ace-
tonitrile taken from the DSC pan. Note the pieces of incompletely
formed tubules and material that appears nontubular. Magnification =
125%. (B) Light-field optical micrograph of longer tubules (30-50 um)
formed on the thermal stage in acetonitrile. Magnification = 125X%. (C)
Light-field optical micrograph under cross polarization of spherulites and
focal domains of DCy4PC in dry acetonitrile. (d) Dark-field micrograph
of spherulites formed in the DSC pan. Magnification = 125X. In these
experiments, dry lipid was dissolved in dry acetonitrile at 50 °C and
vortexed. An aliquot of this solution was then pipetted onto a glass slide
and sealed with a glass coverslip.

that the self-assembly of tubules does not depend on the presence
of bulk water. The inherent self-assembly of this lipid into lamellar
structures in the absence of bulk water is also manifest by the
observation of spherulitic structures (with uniaxial symmetry).
The observation that self-assembly of this lecithin will occur in
the absence of water may have important technological impli-
cations in the development of these microstructures for use in
organic solvents and under controlled environmental conditions.

The polymerizable phosphatidylcholine we have studied, 1,2-
di-10,12-tricosadiynoyl-sn-glycero-3-phosphocholine, has two
diacetylenic groups at the C10 and C12 positions along the fatty
acyl chains.® The diacetylenes will polymerize when exposed to
UV light, resulting in a polymer with variable conjugation length.?
Previous spectroscopic and calorimetric studies led us to believe
that bulk water may not be required for the formation of tu-
bules.”'""1*  We therefore chose acetonitrile for these studies, an

(10) Gray, G. W.; Goodby, J. W. Smectic Liquid Crystals; Leonard Hill:
Philadelphia 1984; pp 9-17.
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organic solvent with a moderately high dielectric. Some care was
taken to remove trace water from acetonitrile by refluxing with
phosphorus pentoxide for 1-1.5 hat 82 °C. The thermodynamics
of tubule formation in dry acetonitrile was investigated by using
differential scanning calorimetry (DSC). Following thermal
cycling of the acetonitrile-lipid suspension, the DSC pan was
opened at room temperature and the sample examined with light
microscopy. Parallel experiments were performed in a temperature
bath and on a temperature controlled microscope stage.

Figure 1 shows the calorimetric result of heating and cooling
the lipid-acetonitrile suspension. A transition temperature of 42.5
°C is observed upon heating with an enthalpy of 17.8 kcal/mol.
Cooling scans reveal a transition at 31.5 °C with an enthalpy of
18.9 kcal/mol. The enthalpy values for these same transitions
previously examined in water depend somewhat on the thermal
history of the sample”!112 but generally are 3-5 kcal/mol higher
than those observed in this study. Parts A and B of Figure 2 show
light micrographs of tubules formed in the DSC pan and on the
thermal stage of the microscope, respectively. These tubules have
similar macroscopic dimensions to those tubules formed in water
(10-50 pum in length, 0.5um in diameter). The conversion to
tubules is not complete, with some precipitated lipid present in
a nontubular form, which may account for the difference in en-
thalpy values observed in dry acetonitrile and water. Spherulites
and focal conic domains also appear under cross polarization in
the samples cooled on the thermal stage and from the DSC pan
(Figure 2C,D). The spherulites show a characteristic pattern
(maltese cross) under cross polarization, which may be similar
to the patterns commonly observed in the smectic phase of other
liquid crystals.!® The observed pattern in the spherulites may
indicate that the crystalline form may have uniaxial symmetry.
The observation of spherulites and focal conic domains reveals
the tendency of this lipid to self-assemble into lamellar structures
in the absence of water. The spherulites may be similar to a
low-temperature phase observed in the diacetylenic lecithins in
water which appears in freeze fracture replicas as stacked lamellar
sheets.!!

Although we have taken great care to minimize the amount
of water present in these experiments, it is possible that some
residual water remains (e.g., the water of hydration of the lipid)
and that the dry lipid itself is not completely anhydrous. It is
significant, however, that self-assembly of tubules occurs under
these dramatically reduced water conditions. The two previously
reported methods of tubule formation rely on the presence of bulk
water.%1213 One of these methods involves the isothermal pre-
cipitation of tubules from ethanol-water solution.!* Spectroscopic
characterization and X-ray diffraction analysis of tubules reveal
the presence of highly crystalline acyl chains.!#!* The crystalline
nature of the tubules and the observations presented in this work
suggest that bulk water may not play a major role in the self-
assembly of tubules. This is in contrast to the major role water
does have in the formation of other self-assemblies formed from
biologically derived amphiphiles. It may be that the dielectric
of acetonitrile is sufficient to drive the assembly of this chemically
modified phospholipid. We are continuing our examination of
tubule formation and what conditions govern the formation of the
spherulites to further understand forces that drive the self-assembly
of this lipid.
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“Antisense” oligodeoxynucleotides (ODNs) have generated
significant recent interest as potential chemotherapeutic agents.
Despite theoretical appeal, the potency necessary for animal or
clinical trials has not yet been shown. We have been investigating
the attachment of a side chain, bearing an alkylating electrophile,
to ODNSs as a method of achieving irreversible inactivation of the
complementary target nucleic acid.> These ODNs can, as shown
here, function as exceptionally selective cleavage reagents for
DNA.

In their pioneering work, Brookes and Lawley* proposed that
a five-atom interstrand cross-link was formed by bis(2-chloro-
ethyl)amines between the N-7 of guanines in adjacent base pairs
of GC sequences. Using molecular models of B form DNA, we
found that a five- or six-atom arm should diagonally bridge the
major groove from the 5-position of a pyrimidine in an ODN to
the N-7 of a purine paired to the residue on the 3’-side of the
pyrimidine bearing the arm:.
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To test our model, we prepared a tetradecadeoxynucleotide
(ODN-I), incorporating 5-[3-(iodoacetamido)propyl]-2’-deoxy-
uridine (1) in place of a T, and a 30-mer containing the sequence
complementary to ODN-I using a sequence derived from human
papillomavirus (HPV) type 16, as shown below. Nucleoside 1
has the requisite six-atom chain to bridge the major groove on
to the nucleophilic guanine (G-21) in the target strand.
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Target: 5'~AGA CAG CAC AGA ATT CGC AGG AAC ATC CAG-3!
ODN~I: 3'~cG TCC 1TG TAG GTC-5'

5-[3-(Trifluoroacetamido)propyl]-2'-deoxyuridine® was con-
verted to the 5-O-dimethoxytrityl-3’-(cyanoethyl N,N-diiso-
propylphosphoramidite) derivative by standard methods® for direct
use on an automated DNA synthesizer.” The deprotected ODN?®
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