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Immunoliposomes were developed to facilitate association 

of liposomes with target cells by using cell-specific ligands 

attached to 나le liposome surface.1 The conventional immuno

liposomes uptake following target cell binding via receptor- 

mediated endocytosis is delivered to lysosomes where phos

pholipases disrupt liposomal bilayers and entrapped drugs 

are released.2 Many drugs, however, are susceptible to the 

lysosomal degradation. pH-Sensitive liposomes were desig

ned to circumvent the lysosomal catabolic degradation by 

delivering encapsulated drugs at a pre-lysosomal site. This 

class of liposomes are generally composed of unsaturated 

phosphatidylethanolamine and a weakly acidic amphiphile. 

Examples of the acidic amphiphiles are fatty acids,3'4 fatty 

acyl amino acid,5 cholester이 hemisuccinate6 and diacylsucci- 

nylglycer이 (DASG).7-8 Interestingly, liposomes composed of 

diacetylenic phosphatidylethanolamine, fatty acid, and nonpo- 

lymerizable phosphatidylethanolamine after polymerization 

with UV light at 0 t retained the initial pH-sensitivity and 

became more stable than monomeric liposomes.9 When pH- 

sensitive liposomes are exposed to endosomes at pH 5.0-6.5, 

a liposome-endosome fusion occurs with the release of drugs 

into the cytoplasm. The pH-sensitivity of these liposomes 

is primarily due to a phase transition to the nonbilayer pha

ses.10,11

We report that liposomes containing a membrane-spanning 

bip 이 ar amphiphile, di(6-hemisuccinyloxyhexyl) muconate 

(DHM),12 are pH-sensitive. In these liposomes DHM acts as 

a protonatable component. DHM does not form monolayer 

vesicle응 by itself as expected because of the difference in 

the outer and inner radius curvature of the vesi이esF" Hy

dration of a mixture of DHM and dioleoylphosphatidyletha

nolamine (DOPE) or cholesterol did not form vesicles.

Lipid films composed of DOPE, dioleoyIphosphatidyIcho- 

line (DOPC) and DHM in a 3:3 : 1 molar ratio were hydra

ted by repeated freeze-thawing15 in a 50 mM calcein phos- 

phate-buffered saline (PBS, pH 8.0) solution, and then soni- 

cated with a C이e-Parmer tip type sonicator. The suspension 

was chromatographed on Bio-Gel A 0.5 m column equilibra

ted with PBS at pH 7.5 to remove unentrapped calcein. The 

calcein s이ution was made isotonic to PBS of 300 mosm/kg 

by adding NaCl. After dissolving lipid in methanol,比e con

centration after chromatography was measured by the UV 

absorbance of DHM at 264 nm (e 31100).

Liposomes were incubated in PBS solutions of various pH 

at 37 C for 1 h, and then adjusted to pH 7.5 by adding 

an appropriate amount of a dilute HC1 solution. The calcein 

fluorescence intensity was measured with a FD-110 JASCO 

spectrofluorometer at excitation and emission wavelengths 

of 490 and 518 nm, respectively. Percent release of liposomal 

calcein was calculated from 나le following formula:

% Release= {(F-Ffl)/(F/-F0)} X100

where 7\,=fluorescence intensity of liposomes in PBS at pH 

7.5, fluorescence intensity after incubation and ^-fluo

rescence intensity after 나le addition of Triton X-100.

The liposomes entrapped calcein with a fluorescence que

nching of 80%, indicating that the calcein concentration in 

나le liposomes was approximately 50 mM.8 The liposome 

mean diameter was estimated to be 100± 15 nm by 

quasi-elastic laser light scattering (BL8000AT Brookhaven).16 

Transmission electron microscopy revealed that the liposo

mes were unilamellar. There was no appreciable release of
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Figure 1. Chemical structure of di(6-hemisuccinyloxyhexyl) mu

conate (DHM).
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Figure 2. Percent calcein release from liposomes composed of 

DOPE/DOPC/DHM (3/3/1) (•) and DOPE/DOPC (1/1) (O) at 

various pH.

calcein from liposomes during their storage at — 4 t for 

several days. While these liposomes are stable at neutral 

pH, they undergo destabilization in acidic conditions. The 

liposomes incubated at 37 °C in PBS of pH 4.8 and 5.8 had 

increased fluorescence intensity that reached a plateau with

in 30 and 50 min, respectively. Half of the entrapped calcein 

was released from the liposomes near pH 5.5 as shown in 

Figure 2. On the other hand, liposomes composed of only 

DOPE and DOPC in a 1: 1 molar ratio were not destabilized 

at 나】e weakly acidic pH. This result indicates that DHM 

in the liposomes acts as an acidic component.

The liposomes must be stable in the blood for them to 

be used as in vivo drug carriers. Although liposomes combin

ed with DOPE and a single-chain amiphiphile such as oleic 

acid are pH-sensitive, they are not stable enough to use in 

vivo because the acidic components are rapidly extracted 

from the liposome membrane by serum proteins.17,18 Howe

ver, small pH-sensitive liposomes composed of DOPE and 

a double-chain amphiphile such as DASG are less permeable 

in plasma.7

The stability of the pH-sensitive liposomes containing 

DHM was examined in 90% rabbit plasma at 37 °C by mea

suring the release of entrapped calcein as a function of time. 

Less than 10% entrapped calcein was released at the end 

of a 2 h incubation. This result indicates that these liposomes 

are quite stable in plasma. Small liposomes composed of 

DOPE and DASG release entrapped calcein 5-20% after a 

2 h incubation in 90% human plasma.7-817 Tims, the plasma 

stability of this new pH-sensitive liposomes prepared from 

the membrane-spanning acidic DHM may be comparable to 

that of the conventional pH-sensitive liposomes containing 

the double-chain acidic components.

To remove a membrane-spanning bipolar amphiphile em

bedded in liposome membranes, one must remove water mo

lecules associated with the inner hydrophilic headgroup and 

push it through the hydrophobic membrane core.19 This pro

cess is energetically unfavorable. A single-chain bipolar am

phiphile may assume the extended transmembrane arrange-

(a) (b)

Figure 3. Schematic representation of lipid bilayers containing 

bipolar amphiphiles (a) with or (b) without a rigid segment.

ment or U-shaped conformation as represented in Figure 

暗 Any bipolar amphiphile with the bent conformation loca

ted in the outer leafleat of liposome membranes will be rea

dily extracted by serum proteins. However, the muconyl 

group in DHM, the rigid segment, is expected to prevent 

the amphiphile from being bent (U-shaped) in the liposome 

membrane. This further protects the acidic component from 

extraction in plasma.

This initial study opens the possibility for the use of weak

ly acidic bipolar amphiphiles in preparing pH-sensitive lipo

somes. The mechanism of the acid-induced destabilization 

of these liposomes are under investigation.
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Vinylcyclopropanes1 and methylene cycloparopanes2 have 

been ring-opened by palladium(O) reagents and palladium 

dichloride. Vinylic epoxides3 and oxetanes4 also undergo pal- 

ladium(O) catalyzed ring-opening reactions useful in organic 

synthesis. We and others have recently observed that the 

addition of organopalladium compounds to unsaturated ep

oxides5 and oxetanes,6 as well as unsaturated cyclopropanes 

and cyclobutanes,7 leads via facile ring-opening to high yields 

of unsaturated alcohols and n-allylpalladium compounds re

spectively (eqs. 1, 2). Since the mechanism we proposed for

/ \ L아신崩
RllgCl + II2C=CH-CH—-(Cll2)n ---------------- ►

H2O, THF
n=l,2 NIUCl

RCH2CH=CH(CH2)riC)H U)

RHgCl + H2C=CH-CI CH2)n

n = 1, 2

H
패선* a RCH2-C^J?- (CH2)m 1CH3 ⑵

% 

these processes had little literature precedent,漏订"we sou

ght further information on these reactions. In conjunction 

with our earlier reported method for the preparation of n- 

allylpalladium compounds from I&PdCLi, vinylmercurials and 

alkenes (eq. 3),9 we have now studied the relative reactivity 

of palladium towards migration (eq. 3) and the ring-opening 

of three-and four-membered ring alkanes and ethers (eqs. 

1, 2).

W서 Ch
RCH=CHHgCl-----------------»

H2C=CHR'
⑶

Vinylmercurial 1 reacts with Li2PdC14 and vinylcyclopro

pane or 3,4-epoxy-l-butene to give predominantly the corres

ponding ring-opened n-allylpalladium compound 27 and die

nol 苧 respectively (eqs. 4, 5), while vinylcyclobutane affords 

only the migration product 4 (eq. 6). X-ray crystallographic 

analysis10 of dimer 4 (Figure 1) indicates a crystallographic 

2-fold axis passing through the chlorine atoms. This is the 

first example, to our knowledge, of such symmetry in a n- 

allylpalladium dimer. All bond angles and distances are with

in the range expected. Compound 4 adopts a Mtransplanarw 

arrangement in which the cyclobutyl rings appear to be only 

slightly puckered (± 0.06 A)

ch2-ch2

h2c=chch-ch2
LhPdCb

(CH3)3C-C

H

ch3l 아吁坦

4 61 %

Vinyl oxetane 5 has been observed to afford comparable 

amounts of ring-opened dienol 6 and n-allylpalladium migra

tion product 7 (eq. 7)6

Consistent with the higher reactivity of the cyclopropane 

versus the cyclobutane in vinylcyclopropane and vinylcyclo

butane, the reaction of phenylmercuric chloride, Li2PdC14 and 

1-cyclobutyl-l-cyclopropylethene afforded only a syn-anti mix

ture of the cyclopropane-opened products 8 (eq. 8).

We have established the ability of palladium to migrate 

prior to ring-opening by obtaining n-allylpalladium compound 

9 from the reaction of phenylmercuric chloride, Li2PdCl4 and 

allylcyclopropane (eq. 9). On the other hand, the reaction 

of vinylmercurial 1, Li2PdC14 and allylcyclopropane gives two


