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in a gauche conformation, would allow s-trans-lb to form two, 
albeit less favorable, bidentate hydrogen bonds to 2. 

To test this we have prepared the more rigid fumaramide 3, 
which has an unaffected s-cis:s-trans ratio of l:4.15a However, 
in a 1:1 mixture with 2 in CDCl3,3 shows a strong (4:1) preference 
for the s-cis rotamer, as expected for the formation of a complex 
of type 4.16 The shift in equilibrium is clearly seen in the proline 
aH region of the 1H NMR spectra of 3 and 2-3 (Figure 4, parts 
a and b). The rotamer assignments were made by chemical shift 
comparisons20,14 and by the observation (from the s-cis form) of 
an intramolecular NOE between the resonance at 4.62 ppm 
(Figure 4b) and that of the fumaramide aCH. In the s-cis-3 
complex the fumaramide aCH also shows an intermolecular NOE 
with the terephthaloyl protons and is shifted 0.33 ppm further 
downfield than in the s-trans-3 complex, reflecting its position 
close to the periphery of the terephthaloyl spacer (as in 4). s-cis-3 
is able to form two bidentate contacts with 2 while s-trans-3 
presumably forms a single contact between the more acidic amino 
acid carboxylate and one aminopyridine in 2. 
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The conformational selectivity can be varied by changing the 
position of the aminopyridine binding groups. Addition of biphenyl 
receptor 5 (NH-NH, 11.7 A) to 3 leads to a much smaller 
downfield shift in the amide NH resonances (1.7 ppm), no shift 
in the fumaramide aCH, and a reversion of the s-cis:s-trans ratio 
back to 1:4. These results suggest that 5 is too long to form any 
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more than a single bidentate contact with either s-cis- or s-trans-3 
and so has little effect on either the ratio or the binding-induced 
NMR shifts. In contrast, naphthyl receptor 6 (NH-NH, 9.39 
A) has a positioning of binding groups intermediate between 2 
and 5. Molecular modeling'' has suggested that, in addition to 
the single bidentate contact of 5,6 can form a third hydrogen bond 
to the s-trans fumaramide carboxylate. A 1:1 mixture of 6 and 
3 shows a substantial shift in the equilibrium toward the trans 
rotamer (s-cis:s-trans, 1:8), as seen in the 1H NMR proline aH 
region (Figure 4c). Further support for this complex comes from 
the 0.24 ppm downfield shift of the fumaramide /3CH and the 
observation of an intermolecular NOE between it and the naphthyl 
protons. 

The 32-fold difference in rotamer equilibrium between 2-3 and 
6-3 is less than might be expected for the change in hydrogen-
bonding environment, suggesting that these simple hosts are not 
yet optimized for their substrates. Design improvements as well 
as modifications to recognize the twisted amide transition state 
are currently underway. 
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(15) (a) Measured in CDCl3-CD3OD (8:2) due to the insolubility of the 
diacid in CDCl3. (b) Measured in CDCl3. 

(16) The AT1 for 2-3 was too high to be measured accurately by 1H NMR 
and was estimated at 104—105 M"1. 
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Little difficulty exists in finding chemotherapeutic agents that 
kill pathological cells; the problem lies in identifying agents that 
do so without damaging normal cells as well.1 One possible route 
to selectivity plays on the fact that certain pathological cells 
produce excessive amounts of a particular enzyme (e.g., bone 
cancer/alkaline phosphatase;2 neuroblastoma/acetylcholin
esterase3) . If such an enzyme is capable of breaking open specially 
designed vesicles that encapsulate a cytotoxic drug, then selective 
therapeutic activity toward the enzyme-exuding cell can be 
achieved.4 Since this mechanism of selectivity depends on the 
encapsulating vesicle, and not on the drug within, the choice of 
drug becomes less restrictive. 

We describe herein compound I which, in concert with ace
tylcholinesterase (AcE),5 models the above process.6,7 Since I 
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has an ionic headgroup plus two long hydrocarbon tails, it possesses 
the two features necessary for vesicle formation.8 And since I 
also incorporates an acetylcholine-like moiety, it reacts with AcE 
to form a primary alcohol (eq 1, Scheme I). The hydroxyl can 
then engage in an intramolecular attack upon the carbonyl (eq 
2, Scheme I) to eject one of the two tails. But single-chain 
amphiphiles do not form bilayers and, in fact, they are often used 
to destroy vesicles.9,10 Consequently, the vesicular system will 
experience an enzyme-induced "lesion" and ultimate destruction. 
Vesicular contents would, naturally, escape. 

Compound I was synthesized by monobromination of dihexa-
decyl malonate (Br2, refluxing CCl4, 87%)" followed by reaction 
with 2-(dimethylamino)ethyl acetate12 (5-fold excess of amine, 
no solvent, 45 0C, 48%). The product was purified by three or 
four crystallizations and characterized by 1H and 13C NMR, IR, 
elemental analysis, and FAB-MS. 

Vesicles of I were formed by bath sonication of a 5-mg film 
of I with 2.0 mL of buffer at 25 0C for 5 min and then at a 
temperature 5-10 deg above the phase-transition temperature of 
46 0C (a value determined by differential scanning calorimetry). 
Quasi-elastic light scattering13 on the clear solutions revealed that 
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Figure 1. (A) Fluorescence vs time for addition of acetylcholinesterase 
(1.1 X IO"8 M) to vesicles of I (6.5 X 10"3 M) encapsulating II (2.2 X 
10"7 M) at pH = 6.8 and 30.0 "C. Excitation and emission wavelengths 
are 400 and 500 nm, respectively. The enzyme frees II and hydrolyzes 
it to a fluorescent product. (B) Base line obtained when no enzyme, or 
denatured enzyme, was added under equivalent conditions. 
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92-100% of the vesicles had diameters of 54-63 nm. The size 
distribution remained constant over at least 6 days, and the 
preparations kept their clarity for weeks. 

How was the enzyme-induced disruption of the vesicles mea
sured? Compound II (which is rapidly hydrolyzed by AcE to a 
fluorescent 7-hydroxyquinolinium salt)14 was cosonicated with I 
to give encapsulated II mixed with free II. Gel filtration 

OAc 

(Sephadex G-75-120) removed the latter. Final conditions were 
6.5 X IO"5 M 1,2.2 X 1(T7 M II, pH = 6.8 phosphate buffer, 0.05 
M NaCl, and 30.0 0C. When AcE (1.1 X IO'8 M) was added 
to the system,13 an immediate burst of fluorescence ensued (Figure 
1). The burst represented quantitative hydrolysis of II and was 
independent of how long the system aged prior to addition of AcE. 
Thus, II cannot escape vesicles of I in the absence of AcE (a fact 
no doubt related in part to the cationic nature of I and II). AcE 
itself must serve two functions: (a) It attacks the vesicles, allowing 
II to leak out. (b) It hydrolyzes II (following its release from 
captivity) to produce the observed fluorescence. 

The diethyl ester analogue of I exists as a monomer in water, 
where it serves as an excellent AcE substrate. Its kat is only 
16-fold less than that of acetylcholine (whose reported rate with 
AcE is >108 M - ' S-' for an acceleration of 2 X IO'7).'6 NMR 
studies (8.3 mM analogue, 2.0 XlO - 7 M AcE, pD = 6.67) showed 
a clear preference for cleavage of the acetyl group over the ethyl 

(14) Rosenberry, T. L.; Bernhard, S. A. Biochemistry 1972, U, 4308. 
(15) AcE was titrated with JV-methyl-7-(dimethyIcarbamoxy)quinolinium 

iodide according to the following: Rosenberry, T. L.; Bernhard, S. A. Bio
chemistry 1971, /0,4114. 

(16) Kovach, I. M.; Huber, J. H.-A.; Schowen, R. L. J. Am. Chem. Soc. 
198«, 110, 590. 

esters. Therefore, AcE-catalyzed hydrolysis of vesicular I should 
also be rapid barring any steric problems at the bilayer surface. 
Our observation that AcE is indeed able to reach and react with 
vesicular acetyl groups may stem from one or more of the fol
lowing: (a) AcE is a nonspecific "sloppy" enzyme.5,17 (b) The 
acetyl groups are situated at the periphery of the bilayer walls, 
(c) Individual molecules of I might make themselves accessible 
to AcE by protruding (transiently or otherwise) from the bilayer 
surface. Loss of a tail from such a molecule should destabilize 
the immediate environs910 and, hence, facilitate further reaction 
at that site. 

Control studies with (EtOOC)2CHN(CH3)3
+ showed that the 

compound does not ionize below pH = 8, so that enolization is 
not a complication at pH = 6.7, where we operated. Neither is 
spontaneous ester hydrolysis since the control hydrolyzed at pD 
= 6.7 with a half-life of ca. 2 weeks. Equation 2 of Scheme I 
was verified by TLC identification of hexadecanol when AcE was 
added to 2.4 X l O - 4 M vesicular I. Hexadecanol could, in fact, 
be observed visually as the solutions became increasingly cloudy. 
Finally, no burst of fluorescence was evident when the vesicle 
system was exposed to heat-denatured AcE or to a different 
enzyme, acid phosphatase. Thus, as hoped, the vesicles of I are 
endowed with an enzyme-specific destructability (although it is 
presently unknown exactly how much damage AcE must do to 
a vesicle before the contents are no longer retained).18 

If the science of chemotherapy is to be improved, it must become 
tuned to a specific knowledge of tumor biochemistry. The present 
communication describes a small step in this direction.19 
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Photochemically switchable bistable molecules have recently 
attracted much attention due to possible applications in reversible 
optical data storage and optical computing.1,2 To be suitable for 
optical memory devices, such molecules should meet the following 
requirements: (a) thermal stability of both isomers, (b) a re-
peatable switching cycle without loss of activity, and (c) ready 
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