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Usually, lipids are synthesized employing solution-phase organic synthesis techniques. Though successful, the
purifications can be difficult to accomplish due to the amphiphilic nature of the molecules. Herein, we demonstrate
the advantages of a solid-phase approach for preparing a variety of metal-chelating lipids. A number of saturated
and polymerizable metal-chelating lipids were prepared using this methodology. This approach requires one
chromatographic purification after cleaving the lipids from the solid support. We also demonstrate that the resulting
polymerized liposomes (containing Eu®*) possess the appropriate luminescence properties for the qualitative and
quantitative determination of proteins.

Introduction saturated lipid$. Polymerized liposomes from conjugated
diacetylenes have found numerous applications in colori-
metric sensing of a variety of analytéslowever, there are
dot many examples of fluorescence sensing of analytes
0employing these liposomés.

We are interested in the detection of proteins using the
luminescence property of lanthanide ions on the surface of
polymerized liposomes from conjugated diacetylene lifids.
The lanthanide ions have several advantages as probes over
organic fluorophores. The emission bands are sharp and show
dIarge Stokes’ shift$? The excited-state lifetimes are longer
mcompared to the organic fluorophores; this allows time-

Liposomes are spherical, bilayer assemblies of lipids with
aqueous interiors and exteridr¥hey can be prepared in a
variety of sizes, and compounds can be encapsulated in th
aqueous interior. Because of the ease of preparation an
biocompatibility, liposomes have found many medical and
nonmedical applicatiors® Most of the medical applications
are in drug delivery, especially when active targeting and
triggered release are neededLiposomes from cationic
lipids are widely used in gene delivety.

Polymerized liposomes are considerably more stable an
less permeable compared to the liposomes prepared fro
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resolved detection of the lanthanide emissidmhe inher- These lipids are then used to chelate a lanthanide ioH,. Eu
ently low molar extinction coefficients of these ions have Using this methodology, we have varied the hydrophobic
led to the development of a large number of sensiti#eYs.  tails (saturated and polymerizable), the backbone (2,3-

We have reported the syntheses of several polymerizablediaminopropanoic acid, ornithine, and lysine), and the spacer
lipids capable of chelating lanthanide ichThe synthetic  (oligoethylene glycols of two different sizes). The solid-
approach we employed involved standard, solution-phasesupported protocol allowed us to rapidly synthesize these
organic synthesis techniques. Unfortunately, the purification lipids with only one chromatographic purification step after
of intermediate compounds after each reaction step requiredcleavage of the lipid from the solid support. We also
lengthy chromatographic procedures. In addition, a number demonstrate that the resulting polymerized liposomes (con-
of the purifications were difficult to accomplish due to the taining E4*) possess the appropriate luminescence properties
amphiphilic nature of the molecules. In these studies, we for the qualitative and quantitative determination of proteins.
propose a much simpler synthetic route based on a solid-
phase approach.

Solid-phase synthesis enjoys several advantages compared Solid-Phase Synthesis of the LipidsThe structures of
to solution-phase methods: purification of the products from the lipids synthesized are depicted in Figure 1. The saturated
unreacted reagents and byproducts by filtration, possibility lipids (3 and5) have stearic acid as the hydrophobic moiety;
of automation, and synthesis of libraries of compounds. It the polymerizable lipids I, 2, 4, and 6) have 10,12-
has been widely used in the synthesis of peptides, nucleo-pentacosadiyonic acid as the polymerizable group. Lifids
tides, carbohydrates, small organic molecules, and variousand 2 have the racemic 2,3-diaminopropanoic acid as the
combinatorial libraries?-16 The availability of a variety of ~ backbone. Lipids3 and4 incorporate §)-ornithine; lipids5
polymeric supports and linkers makes this a very useful and6 have §)-lysine as the backbone. All of these lipids
approach for organic synthedfs!8 Though there are many have oligoethylene glycols as spacers and EDTA as the
reported examples of solid-supported fatty acid conjugation metal-chelating headgroup. EDTA has very high affinity
to peptides and other biomolecules, examples of solid- (K > 10?° M%) for the lanthanide ion%.
supported lipid synthesis are relatively few in the litera-  The syntheses of the lipids incorporating the triethyl-
turel°20 eneglycol spacer (i.e2—6) are shown in Scheme 1. Lipid

Herein, we report the solid-supported synthesis of several 1 was synthesized in an analogous manner usihgs the
metal-chelating lipids containing the EDTA as the headgroup. SPacer, and this is not included in the scheme (Supporting
Information). Detailed synthetic procedures for all of the
(10) (a) Parker, D.: Dickins, R. S.; Puschmann, H.; Crossland, C.: Howard, reported lipids are included in the Experimental Procedures.
J. A. K. Chem. Re. 2002, 102, 1977-2010. (b) Schein, P. Rannu. 4-Methoxytrityl chloride resin was used as the solid
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Am. Chem. So®003 125 12062-12063. (b) Ge, P.; Selvin, P. R.  synthesis was completed) by dilute trifluoroacetic acid and

Bioconjugate Chen003 14, 870-876. (c) Michels, J. J.; Huskins, i i
3 Reinfudt D, NJ. Am. Chem. S0G002 124 20562064 to recycle the resin. We observed that the resin can be used

(d) Brunet, E.; Juanes, O.; Sedano, R.; Rodriguez_Ubis, Org. up to 3 times without any loss of lipid yield.

Lett. 2002 4, 231-216. (e) Zucchi, G.; Ferrand, A. C.; Scopelliti, R.; For the synthesis of suitably protected spacers, the amine-
Bunzli, J. C. G.Inorg. Chem 2002 41, 2459-2465. (f) Quici, S.;

Results and Discussions

Marzani, G.; Careazzini, M.; Anelli, P. L.; Botta, M.; Gianolio, E.; terminated oligoethylene glycol space?sand 10 were

Accorsi, G.; Armaroli, N.; Barigelletti, FInorg. Chem 2002 41, reacted with 1 equiv oftert-butyldiphenylsilyl chloride

igﬁgggél(%g?“'k”e“ S.; Pope, S. J.AAm. Chem. S0@003 (TBDPS-CI). This generated the monoprotected and di-
(12) Grant, G. A, Ed.Synthetic PeptidesA User's Guide Oxford protected products8(and 9 from 7; 11 and 12 from 10,

University Press: New York, 2002. _ Scheme 1), with the monoprotected amiBeand11 as the
(13) (a) Dellinger, D.; Sheehan, D. M.; Christensen, N. K.; Lindberg, J. . . . .

G.: Caruthers, M. H.J. Am. Chem. Soc2003 125 940-950. major products. This mixture was reacted with the rds3n

(b) Sinyakov, A. N.; Feshchenko, M. V.; Ryabinin, V. Russ. J. without separation of the monoprotected amine from the

Bioorg. Chem2003 29, 402-404. . . .
14) (a) HSmmeL G.: ngmn’ L.. Hindsgaul, OGhrbohydr. Chem2003 diprotected product. The silyl protecting group was removed

22, 781-800. (b) Mogemark, M.; Elofsson, M.; Kihlberg, J. Org. by tetran-butylammonium fluoride (TBAF) to generate the
Chem.2003 68, 7281-7288. free amine functionali n the polymer bound linker
(15) (a) Hodge, PCurr. Opin. Chem. Biol2003 7, 362-373. (b) Benaglia, eea . € .u Ct(.) a tyJ(S) on the po y. € pou d N y
M.; Puglisi, A.; Cozzi, F.Chem. Re. 2003 103 3401-3429. The diamino acids were coupled to this resin-bound amine
(16) 5ngllsh, ||5' B., E?.Ctomblr;\‘aJtogglolz_lbrary—Methods & Protocols linker using O-benzotriazol-1-yl-tetramethyluronium hexa-
umana Press:. [otowa, y . .
(17) Wlash, D.; Wu, D.; Chang, Y. TCurr. Opin. Chem. Biol2003 7, ﬂuorophosphqte (HBTU) and 1-hydroxy benzotriazole (HOBT)
353-361. as the coupling reagents. These reagents have been widely
(18) (a) Wills, A. J.; Balasubramanian, Surr. Opin. Chem. Biol2003 ; ;
7.346-352. (b) Blaney, P.. Grigg, R.. Sridharan, Ghemn. Re. 2002 used in peptide synthe&isand were found to be the reagents
102, 2607-2624. of choice. After removal of the fluorenylmenthyl (Fmoc)
(19) (a) Ludolph, B.; Eisele, F.; Waldmann, B.. Am. Chem. So@002 groups, the fatty acids (saturated or polymerizable) were

124, 5954-5955. (b) Douat, C.; Heitz, A.; Paris, M. J.; Fehrentz, J. . . .
A. J. Pept. Sci 2002 8, 601-614. (c) Ludolph, B.; Frank, E.;  coupled to the resin-bound amine groups using the same

Waldmann, HChem. Biochem2002, 3, 901-904. coupling reagents. The lipid was then cleaved from the resin

(20) (a) Danty, E.; Remy, J. S.; Blessing, T.; Behr, JJ.”Am. Chem. Soc : : : : e
2001, 123 9227-9334. (b) Hamachi, I Kiyonaka, S.. Shinkai, S. by dilute trifluoroacetic acid, the product was purified by
Tetrahedron Lett2001, 42, 6141-6145. (c) Hamachi, I.; Kiyonaka,

S.; Shinkai, SJ. Chem. Soc., Chem. Comm@00Q 1281-1282. (21) Wu, S. L.; Horrocks, W. DAnal. Chem 1996 68, 394—401.
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Figure 1. Structures of the metal-chelating lipids synthesized by solid-phase methodology are shown.

column chromatography, and the EDTA (ethylenediamine
tetraacetate) headgroup was coupled following literature
procedures. The metal-chelating lipids were isolated by
hydrolyzing the ester groups with LiOH, followed by
lowering the pH to 3.0. The lipids were complexed to*Eu

by adding solid EuGI6H,0 to methanolic solutions of the
lipids ® The saturated lipids can be stored at room temperature
without any loss of purity. The polymerizable lipids were
stored in the dark at-20 °C.

Preparation of Liposomes. Liposomes were prepared
from the Ed&" complexes of the synthesized lipids
(10 wt %) and the commercially available polymerizable
phosphocholindPC1 (90 wt %, the structure is shown in
Scheme 1) in 25 mM HEPES buffer, pH of 7.0. The
liposomes were polymerized afQ with UV light (254 nm),
and the polymerization was followed by UWis spectrom-
etry. The absorption for the dialkyne (240 nm) was found
to be reduced to 90% of the original value after 15 min of
irradiation. Transmission electron microscopic studies indi-
cated that the liposome structures are retained after polym-
erization (Scheme 1). The polymerized liposomes were found
to be stable at room temperature for more than a month.
However, the unpolymerized liposomes were found to
precipitate within 2 h; hence, no electron microscopic studies
were performed with the unpolymerized liposomes.

In this manuscript, detailed photophysical data are pro-
vided for the polymerized liposomes from lip2-Euwt.
Liposomes from the other polymerizable lipids behaved
similarly and these are not discussed in detail.

Spectral Characterization of Polymerized Liposomes.
The long-lived luminescence lifetimes of Euand TE"
make them desirable probes for protein sen3iigTheir
long-lived decays are a good match to time-resolved
luminescence techniques, which discriminate against short-
lived background fluorescence and scattered excitation light.

2236 Inorganic Chemistry, Vol. 44, No. 7, 2005

Because lanthanide’s luminescence is typically weak in
agueous solvents, most sensing schemes typically employ a
sensitizer (or antenna). Sensitizers are usually organic
molecules that strongly absorb and transfer excitation energy
to the metal ion providing significant luminescence enhance-
ments for analytical use. An additional benefit to chemically
attaching a sensitizer to the lanthanide ion is the possibility
to tune the excitation wavelength to a region of minimum
protein absorption. Strong protein absorption usually occurs
below 300 nm. Spectral bands are fairly broad, and typical
full-widths at half-maximum may vary from 45 to 65 nm.
This spectral region is undesirable for bioanalytical work as
the assay may be prone to primary inner filter effects.

Our approach does not use a sensitizer. We take advantage
of the backbone of the polymerized liposome to enhance the
signal of the lanthanide ion and provide a tunable excitation
wavelength range above 300 nm. Figure 2 shows the time-
resolved excitation and luminescence spectra of EDE&A
in 25 mM HEPES buffer (pH= 7.0). The luminescence
bands are characteristic of Eiand correspond to the various
transitions that occur from tH®s to the’F manifold? Their
maximum excitation is obtained at 266 nm, a wavelength
region prone to strong protein absorption and other types of
potential interferents. Luminescence excitation at wave-
lengths higher than 320 nm reduces potential protein inner
filter effects. Sample excitation at 397 nm, that is, the
maximum wavelength of the most intense excitation peak
above 320 nm, reduces the luminescence intensity of the

(22) (a) Hemmila, I.; Mukkala, V. MCrit. Rev. Clin. Lab. Sci 2001, 38,
441-519. (b) Glover, P. B.; Ashton, P. R.; Childs, L. J.; Rodger, A.;
Kercher, M.; Williams, R. M.; Cola, L. D.; Pikramenou, 4. Am.
Chem. Soc2003 125 9918-9919. (c) Hakala, H.; Ollikka, P.;
Degerholm, J.; Hovinen, Jetrahedron2002 58, 8771-8777. (d)
Mundoma, C.; Greenbaum, N. I. Am. Chem. So2002 124, 3525~
3532.
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Scheme 1. Solid-Phase Syntheses of Lipids
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Scheme 1. (Continued)

aThe structure of the commercially available polymerizable phosphoch®i@#) used in this study to form the liposomes is also indicated. Transmission
electron micorgraph of the polymerized liposomes incorporating 10% (by weight) of2ipiL#t and 90% ofPC1is also shown (magnification, 46 400;
scale, 1 mm in the picture corresponds to 21 nm). The average diameter was found 160 A.

lanthanide ion by approximately 33% but still provides a estimated with the method of standard additions. This
strong reference signal for protein analysis. approach was the method of choice to compensate for
Figure 3A depicts the steady-state excitation and emissionpotential matrix interference in the quantitation of EDFA
spectrum of the polymerized liposomes incorporating lipid EW'. Figure 4 shows the least-squares fit of the luminescence
2—EW*. The broad excitation and emission bands correspondintensity as a function of effective analyte standard concen-
to the fluorescence of the liposome, which results from the tration NCV¢/(Vx + Vy)], whereCs is the concentration of
conjugated eneynes. The luminescence contribution & Eu standard,Vs is the volume of standard additioly is the
appears in the form of a shoulder (592 nm) and a small peakvolume of aliquot sample, andis the number of standard
(616 nm). The time-resolved excitation and emission spec- additions o = 0—5). The luminescence intensities plotted
trum of the liposomes (Figure 3B) confirms the presence of in the graph were subtracted from the blank intensity, which
the lanthanide ion. A 15Q:s delay removes the strong corresponded to the average intensity of six measurements
fluorescence from the liposome backbone and reveals thetaken from a 25 mM HEPES buffer solution (pH 7.0).
luminescence from EX. Similarly, each point in the calibration graph corresponds
Concentration of EDTA—EU®" in Polymerized Lipo- to the average of six intensity measurements taken from six
somes.The concentration of Bt in the liposomes was individual aliquots of standard solution. The correlation

2238 Inorganic Chemistry, Vol. 44, No. 7, 2005
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Figure 2. Timed-resolved excitation (256450 nm) and emission 1.4x10 66
(575-725 nm) spectra of 4.6 10> M EDTA—EW" in 25 mM HEPES ' 616
buffer (pH = 7.0). Spectra were blank subtracted and recorded with the ~ 1.2x10°/\295
following parameters: excitation band-passLO nm, emission band-pass 3B
= 1.5 nm, cutoff filter at 450 nm, delay time 150us, gate time= 1 ms, 1.0x10°
50 pulses per data point. Emission spectrum was recorded upon excitation
at 266 nm and excitation spectrum upon emission at 616 nm. q 8.0x10°
g 8.
'é. 2
.. . . [} -
coefficient close to unity (0.9992) demonstrates the linear § °%'°
. . . . . . c
relationship between luminescence intensity and lanthanide™ , , ;4]
ion concentration. The extrapolation of the linear plotto 591 699
= 0 provides the concentration of Euin the polymerized 2.0x10° 580
liposome (4.6x 10°° M). Because the liposome solution oo
was d|Iut§c_i 1OQ times, the concentration of Ianthamde ion 250 300 350 400 450 500 550 600 650 700 750
in the original liposome sample was 4:6 1072 M. It is Wavelength (nm)

interesting to note that a 4.6 10~ M concentration of Figure 3. Excitation and emission spectra of polymerized liposomes
EDTA—EW" in 25 mM HEPES buffer provides a lumines- incorporating lipid2—Eu** complex recorded under steady-state (A) and
cence signal approximately 10 times higher than the signal time-resolved (B) conditions.lln (A), the excitation spectrum‘efsoo nm)

. . . . was recorded upon emission at 445 nm and the emission spectrum
observed from the liposomes. The signal attenuation is 400-675 nm) was recorded upon excitation at 355 nm. In (B), the
attributed to the liposome absorption in the excitation region excitation spectrum (256450 nm) was recorded upon emission at 616 nm

of the lanthanide ion and reinforces the use of the standargand the emission spectrum (47350 nm) was recorded upon excitation at
266 nm. All spectra were blank subtracted (25 mM HEPES buffer=pH

addition method. 7.0) and recorded from a 92.3 mgliposome solution. Steady-state spectra
Energy Transfer from the Conjugated Alkenes to the were recorded with 10 and 2 nm band-pass, respectively. Time-resolved
: . . spectra were recorded with 0.15 and 1 ms delay and gate times, respectively,
Lanthamde. I-ons. The gomparlson OT the |um_mescence and 50 pulses per data point. Excitation and emission band-pass were 10
profile of lipid 2—EW" incorporated into the liposomes and 3 nm, respectively. A cutoff filter at 450 nm was used in all cases.
(Figure 3B) to the emission spectrum of the free EBDTA
Ew* complex (Figure 2) shows no significant differences. no lanthanide’s luminescence (see residual excitation around
This was expected for the following two reasons: (i) the 355 nm in Figure 2). _ _
chelating agent bound to Euwas the same in both cases ~ Quantitative Potential for Protein Analysis. The quan-
(EDTA) and (ii) the electronic transitions leading to the fitative potential of the polymerized liposomes (incorporating
luminescence of EXf are shielded from chemical perturba- 2—EW") for protein detection was demonstrated with the
tion by the presence of electrons in the outer shell of the Protein carbonic anhydrase (bovine erythrocyte, E.C. 4.2.1.1).
lanthanide ion. On the other end, the time-resolved excitation This enzyme is responsible for reversible hydration of carbon
spectra of the free complex (Figure 2) and the liposome dioxide to bicarbonate and is implicated in a variety of human
(Figure 3B) are considerably different. The time-resolved diseases including canc&rinhibitors for CA are clinically
excitation spectrum of the liposome is similar to its absorp- : : — : —
. .. s (23) Miller, J. C.; Miller, J. N.Statistics for Analytical ChemistryViley:
tion spectrum (data not shown). This is an indication of New York, 1984.
energy transfer from the backbone of the liposome t§ Eu  (24) Bystol, A. J.; Campiglia, A. D.; Gillispie, G. DAppl. Spectrosc200Q
S . 54,910.
Another |nd|caj[|on of energy transfer is the appearance of (25) Bystol, A. J.: Campiglia, A. D.; Gillispie, G. DAnal. Chem2001,
strong lanthanide luminescence upon sample excitation at 73 5762.
i itati (26) (a) Roy, B. C.; Banerjee, A. L.; Kloche, D. L.; Swanson, M.; Jia, X.;
the ma?(lmum fluoresce;nce eXC|tgt|on WaVEIen.gth. (355 nm) Haldar, M. K.; Mallik, S.; Srivastava, D. KI. Am. Chem. So2004
of the liposome (see Figure 3). Liposome excitation at this 126, 13206-13207. (b) Banerjee, A. L.; Swanson, M.; Roy, B. C.;

wavelength provides a reproducible lanthanide signal with Jsia, ?802'?'32"13’8"7 g;lé\)/lgeggk,(s).;R Srivgstélv??, % Ké. ﬁIm.TcEem_
; A ; — oC. . (c) Roy, B. C.; Rodendahl, T.; Hegge,
a Slgnal to baCkground ratio equal to BEQ 8)' On the R.; Peterson, R.; Mallik, S.; Srivastava, D. K.Chem. Soc., Chem.

other end, the excitation of EDTAEW*" at 355 nm produces Commun2003 2328-2329.
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Figure 5. Calibration curve for carbonic anhydrase obtained with a solution
of polymerized liposomes incorporating lippd-Eu®* at the 4.6x 10°°>M
concentration. Polymerized liposomes and carbonic anhydrase were mixed
Figure 4. Luminescence intensity of polymerized liposomes incorporating in 25 mM HEPES buffer, pH= 7.0, and measurements were performed
2—Eu®" as a function of standard addition concentration. All intensities after 15 min of mixing. Instrumental parameters were the following:
were blank subtracted (25 mM HEPES buffer). Intensities were recorded Aeydlem = 355/615 nm, time delay= 1 us, gate width= 500 us, number
at Aexddem = 266/616 nm with 0.15 and 1 ms delay and gate times, of accumulations per spectrum100 laser pulses, slit-width of spectrograph
respectively, and 50 pulses per data point. Excitation and emission band-= 1 mm.
pass were 20 and 2 nm, respectively. A cutoff filter at 450 nm was used.
background from the protein is eliminated, and blank
used to treat glaucoma and we have recently developed aneasurements only detect instrumental noise. Because the
novel “two-prong” strategy for designing highly potent magnitude of the reference signal was significantly above
inhibitors for the enzymé& The enzyme has several his- tne one of the instrumental nois&B = 8), the reference
tidines and acidic residues on the surface (determined usingsigna| was highly reproducible{= 0.11), and the resulting
the molecular modeling software BioMed CAChe 6.1, Fujitsu | op was 26.6 nM (or approximately 085 mL™2).
Scientific, from the pdb file 1can.pdb) which can bind to  Qualitative Potential of Luminescence Lifetime. The
the lanthanide ions. In addition, the protein is known to |yminescence lifetimes of the lanthanide ions are usually
interact with EDTA-ELW*" under neutral pHz sensitive to the microenvironment of the luminopHor.
Quantitative protein analysis is based on the enhancementyence, we investigated the feasibility of using this parameter
of luminescence intensity upon protein interaction with the for qualitative analysis of CA. The experiments were carried
liposome. The luminescence enhancement results from thegyt in batch (25 mM HEPES buffer, pH 7.0) with a fixed
replacement of ©H oscillators by lower frequency oscil-  concentration of liposomes. The exponential decays were
lators in the first coordination sphere of E2P Figure 5 collected atlexdAem = 355/615 nm after 15 min of protein
shows the calibration curve of carbonic anhydrase (CA) mixing. Protein concentration (1.6 1075 M) in the final
obtained with a solution of polymerized liposomes containing mixture was in excess with respect to liposome concentration.
lipid 2—Ew** at the 4.6x 10> M concentration level. The  Figure 6 shows typical exponential decays in the absence
experiments were performed in batch (25 mM HEPES gng the presence of CA. The agreement between the
buffer), and signal intensities were measured after 15 min cajculated and observed points over the first two lifetimes
of protein mixing. The luminescence intensities plotted in of the decays agreed to within about 1%, and the residuals
the calibration graph are the averages of individual measure-showed no systematic trends. Because the time resolution
ments taken from three aliquots of the same working solution. of qur system is equivalent to the minimum gate of the ICCD
Clearly, there is a direct correlation between the Iuminescence(z ns), we can confidently state that we are instrumentally
intensity of the liposome and the protein concentration. The capable of distinguishing two lifetimes that are micro-
correlation coefficient (0.9965) is close to unity, demonstrat- geconds apart. For a confidence level of 95%= 0.05;
ing a linear relationship between protein concentration and N, = N, = 6).23 the observed lifetime in the absence of CA
signal intensity. The limit of detection (LOD) was calcu- (231.78 + 13.21 us) was statistically different from the
lated?” with the equation LOD= 3sz/m, wheremis the slope lifetime in the presence of protein (283.78 18.5 us),
of the calibration curvel(= 1.24 x 10" [CA] + 189.5)and  demonstrating that the lifetime of the liposome-bound'Eu
Sr Is the standard deviation from 16 measurements of the s syfficiently sensitive to probe the presence of a target
reference Signal, that iS, the luminescence of the IiposomEprotein on the bases of lifetime ana|ysis_
in the absence of protein. With the aid of an appropriate
delay (150us) after the excitation pulse, the fluorescence Conclusions

(27) Miller, J. C.; Miller, J. N.Statistics for Analytical Chemistrywiley: . We have demo.nstrated that .Saturated ar?d polymerlzable
New York, 1984. lipids can be efficiently synthesized employing solid-phase

(28) (g) F;otter,d((j:- P.S; _Hargs, A 1Br. J. CemcerZOO?| 89, %—7_- strategy. The described method requires one chromatographic
(b) Chegwidden, W. R.; Dodgson, S. J.; Spencer, |. Mfte Carbonic - iricaiion after the cleavage of the lipids from the solid

Anhydrases: New HorizongChegwidden, W. R., Carter, N. D., - .
Edwards, Y., Eds.; Birkhaeuser: Boston, MA, 2000; pp -3383. support. The generality of the method is demonstrated by

2240 Inorganic Chemistry, Vol. 44, No. 7, 2005



Lanthanide-lon Chelating Lipids

Figure 6. Fitted luminescence decay curves for polymerized liposome in
the absencea() and the presenc@] of carbonic anhydrase. Experimental
parameters for wavelengttime matrix collection were the following:
AexdAem = 355/615 nm, time delay 1 us, gate width= 500us, gate step

= 40us, number of accumulations per spectram00 laser pulses, number

of kinetic series per wavelength time matrix40, slit-width of spectrograph

= 1 mm. Polymerized liposome and carbonic anhydrase were mixed in 25
mM HEPES buffer, pH= 7.0, and measurements were performed after 15
min of mixing.

THF was added to a solution of the diaminé0.57 g, 338 mmol)

and triethylamine (3.41 g, 33.8 mmol) in 200 mL of dry THF at

0 °C over a period b4 h (3.6 mL/h) by a syringe pump. The

reaction was continued for another 12 h at room temperature, and

the solvent was removed under reduced pressure. The remaining

oily material was diluted with 150 mL of water and extracted with

dichloromethane. Combined organic extracts were dried over

Na,SQ, and concentrated in vacuo. A yellow oily product (a mixture

of 8 and 9) was obtained (4.8 g, 90%)H NMR (CDCl,

300 MHz): 6 1.04 (s, 9H), 2.2-2.6 (br), 3.02 (t, 2HJ) = 5.4 Hz),

3.58 (t, 2H,J = 5.1 Hz), 3.64 (t, 2HJ = 5.4 Hz), 3.69-3.73

(m, 2H), 3.81 (t, 2HJ = 5.1 Hz), 7.41 (m, 6H), 7.72 (m, 4H).
N-Protection of 4,7,10-Trioxa-1,13-tridecanediamine tert-

Butylchloridediphenylsilane (3.05 g, 11.1 mmol) in 12 mL of dry

THF was added to a solution of the diamib@ (49 g, 222 mmol)

and triethylamine (1.23 g, 12.2 mmol) in 200 mL of dry THF at

0 °C over a period D4 h (3.75 mL/h) by a syringe pump. The

reaction was continued for another 12 h at room temperature, and

the solvent was removed under reduced pressure. The remaining

oily material was diluted with 150 mL of water and extracted with

dichloromethane. Combined organic extracts were dried over

N&SO, and concentrated in vacuo. A yellow oily product (a mixture

of 11 and 12) was obtained (5.05 g, 98%}H NMR (CDCl;,

300 MHz): 0 1.04 (s, 9H), 1.71 (m, 4H), 2.05 (br), 2.77 (t, 4H,

J = 6.6 Hz), 3.5%3.64 (m, 12H), 7.35 (m, 6H), 7.73 (m, 4H).

varying the fatty acids, the backbone, and the oligoethylene  Solid-Phase Synthesis. General Method: Amine-Grafted
glycol spacer of the lipids. The method can be easily adaptedResin.A sample of 4-methoxytrityl chloride resin beaslél equiv)

for rapid and combinatorial synthesis of lipids.
The reported metal-chelating lipids contain EDTA as the

was poured into a reaction vessel and washed with dichloromethane.
Protected diamine mixtur@ and9 (2 equiv) and diisorpopylethyl-

headgroup. The luminescence intensity of the complexedamine (6.8 equiv) in 30 mL of dichloromethane were added to the

Ewt ion was sufficient for the detection of the enzyme
carbonic anhydrase in 27 nM concentration. However, if

higher sensitivity is needed, an organic fluorophore can be

attached to the EDTA headgroup by small modification of

resin. The suspension was shakendd atroom temperature. The
resin was filtered and washed with DCM/MeOH/DIEA (8.5:1:0.5),
dichloromethane, DMF, dichloromethane, and MeOH.
Deprotection of Silyl Group. The resin14 (1 equiv) was
suspended in 30 mL of THF, dril M TBAF (2 equiv) was added

the synthetic scheme. We have already demonstrated tha{o the reaction vessel. The suspension was shaken for 5 h, and the

5-aminosalicylic acid and coumarin-3-carboxylic acid can
efficiently sensitize the emissions from Ewand Dy" ions,
respectivel\’? Solid-phase syntheses of lipids incorporating

vessel was drained. The resin was washed with THF, dichlo-
romethane, and MeOH.
N-Acylation of Amine with Acid 23. A solution of acid23

these fluorophores are in progress and will be reported in (0.25 equiv), HBTU (0.25 equiv), HOBT (0.25 equiv), and NMM

the future.
The excited-state lifetime &—Euw* can be used to detect

(1.5 equiv) in 45 mL of DMF was added to the resin (1 equiv).
The suspension was shaken for 12 h at room temperature. The vessel

the presence of CA' and the intensity of the emission can beWa.S drained, and the resin beads were washed with DMF, MeOH,

used to quantify the concentration of the protein. We are

currently testing the lifetime measurement studies with other  ~~F ¥
n- piperidine in DMF (20 mL) and shakenrf@ h atroom temperature.

proteins, especially with recombinant human carbonic al
hydrases-IX and -XII in microliter plates. These two
isozymes of CA are involved in hypoxia and in a variety of
cancer$® Results from these studies will be reported
elsewhere.

Experimental Procedures

Materials. All the materials were used as supplied unless stated
otherwise. TLC was performed with 20 cmm 20 cm plates,
0.25um. Chromatography plates were visualized either with UV
light or with an iodine chambefH and 3C NMR spectra were

and dichloromethane.
Deprotection of Fmoc Group.The resin was suspended in 20%

The solvents were filtered, and the resin was washed with
dichloromethane, DMF, and dichloromethane.

N-Acylation with Acid 25. A solution of 10,12-pentacosadiynoic
acid 25 (0.5 equiv), HBTU (0.5 equiv), HOBT (0.5 equiv), and
NMM (2.5 equiv) in 25 mL of DMF was added to the resin
(1 equiv). The suspension was shaken for 12 h. The vessel was
drained, and the resin beads were washed with DMF, MeOH, and
dichloromethane.

Cleavage from the Resin.The resin was suspended in 5%
CR;COH in dichloromethane (20 mL) for 1.5 h. The solution was
filtered, and the resin was washed with dichloromethane, MeOH,

recorded using 300 and 400 MHz spectrometers in one of the and dichloromethane. The organic fractions were combined and

following solvents: CDCG and CQOD with TMS as an internal

concentrated. The crude product was purified by silica gel column

standard. 2,3-Bis(pentacosa-10,12-diynamido)propanoic acid waschromatography and eluted with 5% MeOH in CHGA pinkish

obtained by a previously reported procedtre.
N-Protection of 2,2-(Ethylenedioxy)bis(ethylamine) tert-
Butylchloridediphenylsilane (4.64 g, 16.9 mmol) in 10 mL of dry

solid was recovered.
Compound 19a.Yield: 85%.H NMR (CDCl;, 300 MHz):
0 0.88 (t, 6H,J = 6.9 Hz), 1.25-1.35 (m, 52H), 1.46:1.53 (m,
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10H), 2.23 (m, 12H), 3.3 (m, 2H), 3.4 (m, 2H), 3.6 (m, 8H), 3.69 Coupling of 19b with EDTA Triester. EDTA triesteP
(m, 2H), 3,81 (m, 2H), 4.41 (m, 1H), 7.02 (m, 1H), 7.41 (m, 1H), (0.036 g, 0.096 mmol), HBTU (0.163 g, 0.096 mmol), HOBT
7.7 (m, 1H), 7.83 (m, 1H):3C NMR (CDCk, 75 MHz): ¢ 14.11, (0.01 g, 0.096 mmol), and triethylamine (0.009 g, 0.096 mmol)
19.21, 22.76, 25.43, 25.65, 25.96, 28-:39.62, 31.89, 36.02, 36.38, were dissolved in 8 mL of chloroform and 4 mL of DMF, then
41.06, 41.59, 55.02, 65.34, 67.95, 69.27, 69.39, 69.50, 70.30, 71.12added to a solution ofl9b (0.08 g, 0.08 mmol) in 8 mL of
77.54,171.17, 174.84, 176.93. chloroform. The reaction mixture was stirred at room temperature
Compound 19b. Yield: 37%. H NMR (CDCl;, 300 MHz): overnight. Brine was added to the mixture, and solvents were
5 0.88 (t, 6H,J = 6.6 Hz), 1.22-1.36 (m, 44H), 1.441.55 concentrated under reduced pressure. The precipitate was filtered
(m, 16H), 1.62-1.72 (m, 2H), 1.73-1.88 (m, 2H), 2.11 (t, 2H, and washed several times with water and dried in vacuo overnight.

J = 8 Hz), 2.2-2.25 (m, 10H), 3.143.29 (m, 6H), 3.5+3.85 The crude product was purified by silica gel column chromatog-

(m, 12H), 4.434.49 (m, 1H), 6.77 (m, 1H), 7.97 (m, 1H), 7.59 raphy and eluted with 5% MeOH in CHgXo yield a pinkish solid

(m, 1H), 7.76 (m, 1H), 8.24 (m, 1H}C NMR (CDCk, 75 MHz): (Rr = 0.2, 0.078 g, 76%)*H NMR (CDCl;, 300 MHz): 6 0.85

5 14.34, 19.42, 22.9, 25.9126.11, 28.58-29.86, 32.13, 36.53, (1. 6H,J=6Hz), 1.22-1.27 (m, 56H), 1.471.49 (m, 16H), 1.82

36.79, 40.11, 40.16, 52.92, 65.46, 65.49, 66.88, 69.69, 70.12, 70.43(M, 1H), 1.91 (s, 2H), 2.16 (t, 2H,= 5.7 Hz), 2.2 (t, 10H] = 5

77.81, 111.14, 118.55, 124.66, 125.35, 173.13, 174.49, 174.87. Hz), 2.78 (m, 4H), 3.21 (m, 2H), 3.28 (s, 2H), 3.38 (m, 2H), 3.40
Compound 19¢ Yield: 23%.H NMR (CDCl, 400 MHz): (& 2H), 3.50-3.56 (m, 12H), 4.11 (q, 6HJ = 6 Hz), 4.54

5 0.88 (t, 6H,J = 8 Hz), 1.25 (m, 46H), 1.331.36 (m, 10H), (M 1H). 6.19(m, 1H), 6.62 (m, 1H), 7.15 (m, 1H), 8.21 (m, 1H).

1.48-1.56 (m, 8H), 1.741.78 (m, 2H), 2.15 (t, 2H] = 8 Hz), 3C NMR (CDCk, 75 MHz): 6 14.16, 14.21, 19.17, 22.83, 25:81

2.23 (t. 10H,) = 8 Hz), 3.16-3.21 (m, 4H), 3.36.3.38 (m, 1H). 25.86, 28.36:28.39, 28.76, 28.83, 28.92, 29.06, 29-19.26,

3.52-3.66 (m, 8H), 3.76 (t. 2H) — 4 Hz) 4.28 (m, 1H). 6.22 29.31, 29.44, 29.59, 30.62, 31.88, 36.57, 36.71, 38.46, 38.86, 39.30,

(m. 1H), 6.9 (m, 1H). 7.61 (m. 1H}C NMR (CDCh, 100 MHz): 52.23,52.79, 55.68, 58.60, 60.58, 60.69, 65.19, 65.26, 69.71, 70.11,

5 1’9_17” 22,40 éz.eé, 25,6, 2’5.8, 28.97D.61, 31.42,’ 32.05, 367, 048, 77.41,7759,171.14,171.25, 171.97,172.02, 173.14, 173.56.

36.81, 38.62, 39.44, 40.13, 53.45, 65.22, 65.28, 66.8, 69.97, 70.15, coupling of 19c with EDTA Triester. EDTA triestef

- . 0.04 g, 0.29 mmol), and triethylamine (0.06 g, 0.58 mmol) were
Compound 19d. Yield: 89%.H NMR (CDCl;, 400 MHz): (. ;
5 0.88 (t, 6H,J = 8 Hz), 1.25-1.36 (m, 48H), 1.491.51 dissolved in 5 mL of chloroform and 3 mL of DMF and added to

(m, 10H), 1.59 (m, 4H), 2.02 (br, 2H), 2.22.25 (m, 14H), 3.19 a solution of19c (0.244 g, 0.24 mmol) in 4 mL of chloroform.
(m’ 2H) ’3 él (m ,2H) ’3 '443 49’ (m ’4|_'|) 3'57_3 é3 (m ’8I.-|) The reaction mixture was stirred at room temperature overnight.

3.67 (M. 2H), 3.77 (t, 2H, 4 Hz), 4.39 (m, 1H), 6.51 (m, 1H), 6.87 Brine was added to the mlxtu_re_, and solve_nts were evaporated under

1 reduced pressure. The precipitate was filtered and washed several
(m, 1H), 7.21 (m, 2H), 7.84 (m, 1H)™C NMR (CDCk, times with water, then dried in vacuo overnight. The crude product
100 MHz): 6 14.11, 19.19, 22.67, 25.43, 25.65, 25.96, 28.35 ' gnt. P

20.62, 31,89, 36.02, 36.38, 41.56, 41.59, 55.92, 65.24. 67.95, 69'27was purified by silica gel column chromatography and eluted with

5% MeOH in CHC} to yield a pinkish solid R = 0.2, 0.04 g,
69.39, 69.50, 70.39, 71.02, 77.54, 171.17, 174.84, 176.93. 129%). 'H NMR (CDC, 400 MHz): & 0.88 (t, 6H,J = 8 Hz),

Compound 19e.Yield: 71%.H NMR (CDC|3, 300 MHZ)Z 1.26-1.29 (m' 62H), 1.32 (m’ 8H), 1.511.61 (m’ 16H), 2.20
00.88 (t, 6HJ=9 HZ), 1.24 (m, 50H), 1.561.58 (m, 8H), 2.12 (m’ ZH), 224 (:[l 10HJ =18 HZ), 2.82 (m’ 4H), 3.23 (m’ 2H), 3.32
2.23 (m, 8H), 3.123.20 (m, 6H), 3.33 (m, 2H), 3.48.64 (g 2H) 3.44 (m, 4H), 3.533.54 (m, 6H), 3.59 (m, 6H), 4.17
(m, 8H), 3.17 (m, 2H), 4.36 (m, 1H). (g, 6H,J = 8 Hz), 4.44 (m, 1H), 5.94 (m, 1H), 6.58 (m, 1H), 6.89

Compound 19f. Yield: 47%.H NMR (CDCl;, 300 MHz): (m, 1H), 8.21 (1H)13C NMR (CDCk, 100 MHz): 6 13.78, 13.93,

0 0.88 (t, 6H,J = 7 Hz), 1.24 (m, 50H), 1.46 (m, 2H), 1.58  18.86, 22.12, 22.34, 25.31, 25.45, 27.99, 27.02, 2825230, 31.57,

(m, 4H), 2.19 (m, 4H), 3.16 (m, 4H), 3.38 (m, 10H), 3.59 (m, 6H), 32.01, 36.22, 36.43, 38.46, 38.57, 38.97, 51.92, 52.30, 52.50, 54.51,

3.66 (m, 2H), 3.74 (m, 2H), 4.32 (m, 1H). 55.42, 58.30, 60.28, 60.38, 64.90, 64.96, 69.35, 69.42, 69.77, 70.23,
Coupling of 19a with EDTA Triester. EDTA triesteP 170.85, 171.3, 171.68, 173.01, 173.02.

(0.05 g, 0.12 mmol), HBTU (0.07 g, 0.19 mmol), HOBT (0.026 g, Coupling of 19d with EDTA Triester. EDTA triesteP

0.19 mmol), and triethylamine (0.026 g, 0.25 mmol) were dissolved (0.05 g, 0.12 mmol), HBTU (0.05 g, 0.12 mmol), HOBT (0.017 g,

in 10 mL of chloroform and 5 mL of DMF, then added to a solution 0.12 mmol), and triethylamine (0.026 g, 0.25 mmol) were dissolved

of 19a(0.11 g, 0.11 mmol) in 8 mL of chloroform. The reaction in 8 mL of chloroform and 4 mL of DMF, then added to a solution

mixture was stirred at room temperature overnight. Brine solution of 19d (0.1 g, 0.11 mmol) in 8 mL of chloroform. The reaction

was added to the mixture, and solvents were concentrated undemixture was stirred at room temperature overnight. Brine was added

reduced pressure. The precipitate was filtered and washed severaio the mixture, and solvents were removed under reduced pressure.

times with water, then dried in vacuo overnight. The crude product The precipitate was filtered and washed several times with water,

was purified by silica gel column chromatography and eluted with then dried in vacuo overnight. The crude product was purified by

5% MeOH in CHC} to yield a pinkish solid g = 0.3, 0.12 g, silica gel column chromatography and eluted with 5% MeOH in

80%).'H NMR (CDClz, 400 MHz): ¢ 0.88 (t, 6H,J = 8 Hz), CHCl; to yield a white-bluish solidR = 0.2, 0.04 g, 31%)'H

1.24-1.29 (m, 62H), 1.331.38 (m, 6H), 1.481.53 (m, 8H), NMR (CDCls;, 300 MHz): 6 0.88 (t, 6H,J = 7 Hz), 1.25-1.39

1.59-1.66 (m, 4H), 1.88 (m, 1H), 2.162.26 (m, 12H), 2.78 (m, 60H), 1.42-1.49 (m, 10H), 1.581.62 (m, 4H), 1.631.78

2.82 (m, 4H), 3.32 (s, 2H), 3.43 (s, 4H), 348.51 (m, 2H), 3.5+ (m, 2H), 1.79-182 (m, 4H), 2.2-2.25 (m, 12H), 2.792.83

3.56 (m, 8H), 3.583.64 (m, 4H), 4,14 (q, 6H) = 8 Hz), 4.42- (m, 4H), 3.29 (s, 2H), 3.323.41 (m, 4H), 3.42 (s, 2H), 3.49

4.45 (m, 1H), 6.7 (m, 1H), 7.32 (m, 1H), 8.2 (m, 1HJC NMR 3.56 (m, 8H), 3.583.63 (m, 4H), 3.66-3.65 (m, 4H), 4.14

(CDCls, 100 MHz): ¢ 14.07, 14.21, 19.16, 22.64, 25.47, 25.62, (q, 6H, J = 6 Hz), 4.32-4.39 (m, 1H), 6.62 (m, 1H), 7.23

28.33-29.58, 31.88, 36.49, 38.82, 39.27, 42.28, 52.23, 52.81, 54.82, (m, 1H), 7.27 (m, 1H), 8.07 (m, 1H}3C NMR (CDCk, 75 MHz):

55.72, 58.57, 60.55, 60.65, 65.19, 65.27, 69.54, 69.75, 70.41, 77.399 14.09, 14.22, 19.17, 22.65, 25.47, 25.63, 28.32.70, 31.89,

77.55,170.13, 171.13, 171.22, 171.82, 174.26, 175.12. 36.49, 37.46, 42.43, 52.24, 52.92, 54.83, 54.89, 55.89, 58.62, 60.57,
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60.69, 65.27, 65.29, 69.05, 69.24, 70.17, 70.48, 77.58, 169.92,(CDCl;, 75 MHz): 6 13.89, 22.51, 25.21, 25.55, 25.73, 29-19

171.05, 171.23, 171.25, 171.43, 174.34, 175.18.

Coupling of 19e with EDTA Triester. EDTA triesteP
(0.09 g, 0.24 mmol), HBTU (0.11 g, 0.24 mmol), HOBT (0.04 g,
0.24 mmol), and triethylamine (0.048 g, 0.48 mmol) were dissolved
in 8 mL of chloroform and 4 mL of DMF, then added to a solution
of 19e(0.19 g, 0.24 mmol) in 10 mL of chloroform. The reaction

29.54, 31.75, 39.16, 36.37, 39.04, 4848.51, 51.52, 51.71, 52.37,
69.37, 70.05, 169.87, 171.34, 172.47, 174.29, 174.59. MS
(ESI-TOF) m/z calcd for G7H10dN6O12, 1068.80; found, 1070.11
[M + 2H]*". [0]?% +2.0° (c 1, CHCE).

Lipid 4. To a solution of lithium hydroxide monohydrate
(0.03 g, 0.72 mmol) in methanol (10 mL90b (0.16 g, 0.12 mmol)

mixture was stirred at room temperature overnight. Brine was addedin THF/dichloromethane (4/2 mL) was added, and the solution was
to the mixture, and solvents were evaporated under reducedstirred at room temperature overnight. The reaction mixture was
pressure. The precipitate was filtered and washed several times withacidified to pH= 3.0 with 2 N HCI, and the solvents were removed
water, then dried in vacuo overnight. The crude product was purified under reduced pressure to form a precipitate in the aqueous solution.
by silica gel column chromatography and eluted with 5% MeOH The precipitate was filtered, washed with water, and dried to yield
in CHCI; to yield a white solid R = 0.3, 0.147 g, 55%)H NMR lipid 4 as a white solid (142 mg, 98%)1 NMR (CDCl; + CDs-
(CDCl3, 400 MHz): 6 0.88 (t, 6H,J = 8 Hz), 1.25-1.28 (m, 58H), OD, 300 MHz): 6 0.87 (t, 6H,J = 6 Hz), 1.21-1.26 (m, 54H),
1.62 (m, 8H), 1.83-1.85 (m, 6H), 2.182.25 (m, 4H), 2.79-2.83 1.45-1.48 (m, 8H), 1.491.54 (m, 10H), 1.61 (m, 4H), 2.62
(m, 4H), 3.32-3.41 (m, 6H), 3.323.47 (m, 6H), 3.49-3.64 (t, 2H,J = 6.2 Hz), 2.42 (t, 10HJ = 5.9 Hz), 2.96-3.45 (m, 2H),
(m, 14H), 4.17 (g, 6HJ = 8 Hz), 4.41 (m, 1H), 6.12 (m, 1H),  3.12-3.24 (m, 4H), 3.36 (m, 2H), 3.40 (m, 2H), 3.46 (m, 2H),
6.63 (m, 1H), 7.01 (m, 1H), 7.87 (m, 1H). 3.54-3.57 (m, 4H), 3.59-3.62 (m, 4H), 3.67 (s, 1H), 3.71 (s, 2H),
Coupling of 19f with EDTA Triester. EDTA triesteP 3.73 (s, 2H), 4.38 (m, 1H}3C NMR (CDCk, 75 MHz): ¢ 14.12,
(0.16 g, 0.44 mmol), HBTU (0.167 g, 0.44 mmol), HOBT (0.06 g, 19.17, 22.67, 22.6425.81, 28.34, 28.36, 38.829.61, 31.90,
0.44 mmol), and triethylamine (0.09 g, 0.88 mmol) were dissolved 36.59, 39.28, 51.92, 65.3%65.24, 70.10, 77.60, 171.17, 172.19,
in 15 mL of chloroform and 5 mL of DMF, then added to a solution 173.99, 174.08, 174.42, 174.50. Anal. Calcd feiHGdNeO12: C,
of 19f (0.3 g, 0.37 mmol) in 15 mL of chloroform. The reaction 68.23; H, 9.68; N, 6.72. Found: C, 68.54; H, 9.93; N, 6.44°],
mixture was stirred at room temperature overnight. Brine was added +0.3° (¢ 1, MeOH/CHC}).
to the mixture, and solvents were removed under reduced pressure. Lipid 5. To a solution of lithium hydroxide monohydrate
The precipitate was filtered and washed several times with water, (0.025 g, 0.6 mmol) in methanol (8 mL3pf (0.13 g, 0.1 mmol) in
then dried in vacuo overnight. The crude product was purified by THF (2 mL) was added, and the solution was stirred at room
silica gel column chromatography and eluted with 5% MeOH in temperature overnight. The reaction mixture was acidified to
CHCI; to yield a white solid R = 0.2, 0.205 g, 48%)'H NMR pH = 3.0 with 2 N HCI, and the solvents were removed under
(CDCls, 400 MHz): 6 0.88 (t, 6H,J = 8 Hz), 1.25-1.29 (m, 58H), reduced pressure to form a precipitate in the aqueous solution. The
1.62 (m, 4H), 2.19 (m, 4H), 2.78 (m, 4H), 3.31 (s, 4H), 38161 precipitate was filtered, washed with water, and dried to yield lipid
(m, 26H), 3.71 (m, 2H), 4.17 (g, 6H, = 8 Hz). 5 as a white solid (84 mg, 78%3}H NMR (CDCls, 400 MHz):
Lipid 2. To a solution of lithium hydroxide monohydrate ¢ 0.88 (t, 6H,J = 8 Hz), 1.26 (m, 60H), 1.59 (m, 6H), 1.79
(0.034 g, 0.81 mmol) in methanol (4 m20a(0.177 g, 0.13 mmol) (m, 4H), 2.18 (m, 4H), 2.79 (m, 1H), 2.88 (m, 2H), 3.19 (m, 2H),
in THF/dichloromethane (3/0.5 mL) was added, and the solution 3.33 (m, 4H), 3.38 (m, 2H), 3.52 (m, 8H), 353.71 (m, 12H),
was stirred at room temperature overnight. The reaction mixture 3.71 (m, 4H), 3.78 (m, 6H), 4.34 (m, 1H¥C NMR (CDCk, 100
was acidified (to pH= 3.0 with 2 N HCI), and the solvents were ~ MHz): ¢ 13.99, 22.58, 25.70, 29.2€9.61, 31.82, 36.40, 38.95,
removed under reduced pressure to form a precipitate in the aqueou98.71-49.99, 51.89, 55.75, 69.79, 70.02, 171.22, 173.10, 174.27,
solution. The precipitate was filtered, washed with water, and dried 174.43, 174.51. MS (ESITOF) m/z calcd for GgHi10NgOs2,
to yield lipid 2 as a white solid (152 mg, 91%} NMR (CDCl; 1082.81; found, 1084.82 [M- 2H]*. [a]?% +10.7 (c 1, CHCE).
+ CD3;OD, 400 MHz): 6 0.88 (t, 6H,J = 7.2 Hz), 1.23-1.28 Lipid 6. To a solution of lithium hydroxide monohydrate
(m, 42H), 1.49-1.57 (m, 10H), 2.18 (m, 2H), 2.24 (t, 2H,= 4 (0.008 g, 0.2 mmol) in methanol (6 mL20c (0.04 g, 0.03 mmol)
Hz), 3.11 (m, 2H), 3.19 (m, 2H), 3.38.41 (m, 2H), 3.45 in THF/dichloromethane (2/1 mL) was added, and the solution was
(m, 2H), 3.51 (m, 2H), 3.543.57 (m, 4H), 3.58 (s, 4H), 3.60 stirred at room temperature overnight. The reaction mixture was
3.63 (m, 4H), 3.73 (m, 4H), 4.48 (m, 1H}C NMR (CDCE, acidified to pH= 3.0 with 2 N HCI, and the solvents were removed
100 MHz): ¢ 13.92, 19.02, 22.53, 25.41, 25.60, 28.22, 28.69, 28.72, under reduced pressure to form a precipitate in the aqueous solution.
28.84, 28.95, 29.09, 29.19, 29.33, 29.48, 31.77, 3636114, 39.05, The precipitate was filtered, washed with water, and dried in vacuo
48.67-45.53, 54.01, 65.06, 65.15, 69.31, 69.32, 77.46, 169.21, overnight to give lipidé as a white solid (31 mg, 81%3)H NMR
170.56, 171.14, 172.06, 174.93, 175.62. Anal. Calcd for (CDCl; + CD3;OD, 400 MHz): 6 0.88 (t, 6H,J = 7 Hz), 1.22-
CeH114N60122H20: C, 66.41; H, 9.48; N, 6.94. Found: C, 66.64; 1.39 (m, 56H), 1.4#1.54 (m, 12H), 1.561.60 (m, 4H), 2.15
H, 9.21; N, 6.79. (m, 2H), 2.23 (t, 8HJ = 7 Hz), 2.9%-2.98 (m, 2H), 3.21 (m, 2H),
Lipid 3. To a solution of lithium hydroxide monohydrate  3.48 (m, 2H), 3.54 (m, 2H), 3.59 (m, 10H), 3:68.78 (m, 10H),
(0.011 g, 0.26 mmol) in methanol (3 mJPe(0.05 g, 0.04 mmol) 4.47 (m, 1H), 7.3 (m, 2H), 7.95 (m, 1H}3C NMR (CDCE,
in THF/dichloromethane (2/1 mL) was added, and the solution was 100 MHz): ¢ 14.10, 19.20, 22.68, 28.3@9.60, 31.90, 65.22,
stirred at room temperature overnight. The reaction mixture was 65.24, 87.89, 171.17, 172.19, 173.99, 174.08, 174.42, 174.50. Anal.
acidified to pH= 3.0 with 2 N HCI, and the solvents were removed Calcd for GoH120NgO12: C, 68.43; H, 9.73; N, 6.65. Found: C,
under reduced pressure to form a precipitate in the aqueous solution68.29; H, 10.07; N, 6.350% — 0.7 (c 1, MeOH/CHCY).
The precipitate was filtered, washed with water, and dried to yield  Liposome Formation and Polymerization.Solid polymerizable
lipid 3 as a white solid (37 mg, 87%)H NMR (CDCl; + CDs- phosphocholine [1,2-bis(10,12)-tricosadiyngrtglycerol-3-phos-
OD, 300 MHz): ¢ 0.88 (t, 6H,J = 9 Hz), 1.25 (m, 60H), 1.59 phocholine, 22.5 mg] and lipi@—Eu* complex (2.5 mg) were
(m, 6H), 1.79 (m, 4H), 2.18 (m, 4H), 2.79 (m, 1H), 2.88 (m, 2H), dissolved in 12 mL of chloroform and 1 mL of MeOH (both HPLC
3.19 (m, 2H), 3.33 (m, 4H), 3.38 (m, 2H), 3.52 (m, 8H), 3:57  grade) in a clean 250 mL round-bottom flask. A thin film of the
3.71 (m, 12H), 3.71 (m, 4H), 3.78 (m, 6H), 4.34 (m, 1HC NMR lipids was formed by slow evaporation of the solvent under vacuo
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on a rotary evaporator. The film was then dried under high vacuum copper tubing was flared stopping a swage nut tapped to allow for
for 20 h. This film was hydrated by 10 mL of HEPES buffer the threading of a 0.75 mL polypropylene sample vial. At the
(50 mM, pH= 7.0). The suspension was warmed at°€)with instrument end, the excitation fiber was positioned in an ST
continuous stirring on rotary for a period of 2 h. It was then connection and aligned with the beam of the tunable dye laser while
sonicated by a probe sonicator (power 50 W) under nitrogen for a the emission fibers were bundled with vacuum epoxy in a slit
period of 1.5 h at 60C and cooled to room temperature slowly. configuration, fed into a metal sleeve, and aligned with the entrance
Liposomes were passed through a @ polycarbonate filter slit of the spectrometer.
(nucleopore) at 60C using an extruder (Lipex Biomembranes Inc., Samples were excited directing the output of a tunable dye laser
Vancouver, British Columbia, Canada) under nitrogen pressure atthrough a KDP frequency-doubling crystal. The dye laser was
60 psi (6 times). The temperature of the extruder was maintained operated on LDS 698 (Exiton), and it was pumped with the second
at 60°C with a circulating water bath, and the collector temperature harmonic of a 10 Hz Nd:YAG Q-switched solid-state laser.
was also kept at 68C. After extrusion, the clear liposome solution  Luminescence was detected with a multichannel detector consisting
was slowly cooled to room temperature. A portion of it was taken of a front-illuminated intensified charge fiber-coupled device
for polymerization under UV irradiation (450 W) for 8 min at  (ICCD). The minimum gate time (full width at half-maximum) of
0 °C. The solution became slightly pinkish after polymerization the intensifier was 2 ns. The CCD had the following specifica-
with no precipitation. The polymerized vesicle solution was stored tions: active area= 690 x 256 pixels (26 mrh pixel size
at room temperature. Transmission electron micrographs were photocathode), dark current0.002 electrons/(pixel s), and readout
recorded at the on campus TEM facility (for details, see ref 9d). noise= 4 electrons at 20 kHz. The ICCD was mounted at the exit
Luminescence MeasurementsExcitation and emission spectra  focal plane of a spectrograph equipped with a 1200 grooves/mm
were collected with a commercial spectrofluorimeter using standard grating blazed at 500 nm. The system was used in the external
quartz cuvettes (1 cnx 1 cm). No sample deoxygenation was trigger mode. The gating parameters (gate delay, gate width, and
attempted. For steady-state measurements, the excitation source wake gate step) were controlled with a digital delay generator via a
a continuous wave 75 W xenon lamp with broadband illumination GPIB interface. Custom software was developed in-house for
from 200 to 2000 nm. Detection was made with a photomultiplier complete instrumental control and data collection.
tube with wavelength range from 185 to 650 nm. The method of  Lifetime determination followed a three-step procedi#rél)
detection was analog for high-signal levels or photon counting for collection of full sample and background wavelengtime matri-
low signal levels. In analog mode, the inherent peak-to-peak noise ces, (2) subtraction of background decay curve from the lumines-
was 50x 10712 A with 0.05 ms time-constant. In photon counting cence decay curve at the target wavelengths of the sensor, and (3)
mode, the maximum count rate was 4 MHz, pulse pair resolution fitting the background corrected data to single exponential decays.
250 ns, rise time 20 ns, and fall time 100 ns with a 220 ns pulse The decay curve data were collected with a minimum 150
width. For time-resolved measurements, the excitation source wasinterval between opening of the ICCD gate and the rising edge of
a pulsed 75 W xenon lamp (wavelength range from 200 to the laser pulse, which was sufficient to avoid the need to consider
2000 nm), variable repetition rate from 0 to 100 pulses per second, convolution of the laser pulse with the analyte signal (laser pulse
and a pulse width of approximately.3. Detection was by means  width = 5 ns). In addition, the 15@s delay completely removed
of a gated analog PMT with extended wavelength range from 185 the fluorescence of the sample matrix from the measurement. Fitted
to 900 nm. SS and TR spectra were collected with excitation and decay curvesy( = yo + A; exp ) were obtained with a
emission monochromators having the same reciprocal linear disper-commercial software by fixingo andx, at a value of zero.
sion (4 nm mnt) and accuracy4£1 nm with 0.25 nm resolution).
Their 1200 grooves/mm gratings were blazed at 300 and 400 nm
respectively. The instrument was computer-controlled using com-
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probe assembly consisted of one excitation and six collection fibers Supporting Information Available: Full experimental details

fed into a 1.25 m long section of copper tubing that provided for the synthesis of lipidl and NMR spectra of the reported

(rjn_echanica_ll_supplor(;. AIH the f_it;ers \;\&3821 Ic:)ngifand 50@m czreh compounds. This material is available free of charge via the Internet
iameter silica-clad silica with polyimide buffer coating. At the . http://pubs.acs.org.

analysis end, the excitation and emission fibers were arranged in a
conventional six-around-one configuration, bundled with vacuum
epoxy, and fed into a metal sleeve for mechanical support. The IC048885T
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