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Ion channel mimics were assembled from a modular construction set consisting of core units, derived 
from polycarboxylate 18-crown-6 ethers, wall units, derived from macrocyclic tetraesters, and polar 
head groups which provide overall amphiphilic character. The preparation of symmetrical and 
side-discriminated macrocyclic tetraesters from diols and maleic anhydride gave the required 
macrocycles in low yields by acid-catalyzed esterification, or by carboxylate alkylation. Addition of 
1 equiv of 3-mercaptopropanol to the macrocyclic dienes gave the wall unit precursor. Coupling of 
the walls to the crown ether via esters was achieved by carboxylate alkylation. The syntheses were 
completed by Michael addition of head group thiolates. Twenty-one candidate ion channels of 
molecular weight 1600-4800 g/mol were prepared and characterized. 

Transmembrane ion channels are essential to key life 
processes: energy production, energy storage and trans- 
duction, signal propagation, and signal processing.’ Nat- 
ural ion transporters are large protein aggregates con- 
taining multiple transmembrane segments which act in 
concert to control transmembrane ion and potential 
gradients. Structural information is now emerging from 
molecular biology? but much of the molecular scale detail 
has been inferred from low molecular weight ionophores 
such as gramicidin3 or amph~tericin.~ These sources 
suggest that artificial channels for the transport of ions 
across bilayer membranes could be designed according to 
the following principles: (i) A channel would have a polar 
core surrounded by a nonpolar exterior layer for simul- 
taneous stabilization of an ion in transit and favorable 
interaction with membrane lipids; (ii) a channel would 
have the overall length and shape to fit into a bilayer 
membrane approximately 40 A thick. Criterion ii forces 
attention on the synthetic task as it defines a minimum 
molecular weight of 3500-4000 g/mol for a functional 
structure (cf. gramicidin dimer, 3740 g / m ~ l ) . ~  

Functional artificial ion channels have been reported 
which illustrate the general criteria. The most obvious 
course is to prepare oligopeptides with high helical 
contenLs Other reported systems are based on cyclodex- 
trin? polymeric crown ether,’ and “bouquet” shaped crown 
ether and cyclodextrin motifs.8 One of the most active 
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systems is a simple tris-crown ether derivative reported 
by Gokel for the transport of sodium iong All of these 
systems envisage a uni- or bimolecular transmembrane 
structure, similar to the gramicidin structural paradigm. 
Alternative systems based on multicomponent aggregates, 
akin to an amphotericin pore, have also been explored.1° 
Some time ago we reported the synthesis and activity of 
a functional ion channelll and preliminary mechanistic 
work12 which established the channel-like behavior of one 
compound. This paper reports the synthesis of a suite of 
compounds of the same type. A structure-activity ap- 
proach to the elucidation of mechanism will be reported 
~eparate1y.l~ 

Our design proposal is sketched in Figure 1. We 
envisaged a “core” unit lying near the bilayer mid-plane 
with “wall” units radiating from it. The core unit would 
provide a rigid frame to direct the wall units to the face 
of the bilayer. The wall units themselves would be fairly 
stiff to provide structural control and would incorporate 
both the polar and nonpolar functionality required for a 
channel. The structure would be completed with hydro- 
philic “head“ groups to provide overall amphiphilic 
character and to assist in the transmembrane orientation 
of the molecule. Our choice for the core units are 
polycarboxylate crown ethers derived from tartaric acid. 
A series of di-, tetra-, and hexacarboxylic acid derivatives 
of 18-crown-6 from either (R,R)- or meso-tartaric acid is 
readily a~ai1able.l~ When (R,R)-(+)-tartaric acid units 
are incorporated into 18-crown-6, they reinforce the 
conformational preference for gauche torsion angles of 
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Figure 1. Design proposal for ion channel mimics. Generalized structure indicates possible structural variation of groups X, Y, and 
Z; complete structure offers one possibility: Y = -(CH2)8-, Z = -CH2CH20CH2CH20CH2CH2-, X = glucose. 

the OCH2CH20 units.15 This results in well-defined 
conformations in which the crown ether is held open and 
the carboxylate groups point perpendicularly to the mean 
plane of the macrocycle.16 Linkage of wall units to the 
crown ether core could be via either esters or amides of 
the carboxylic acids.17 The series of di-, tetra-, and hexa- 
substituted crown ethers would then act as two-, four-, 
and six-spoke core units. 

The wall units chosen are macrocyclic tetraesters derived 
from maleic anhydride. As reported by Fuhrhop,18 the 
intermediate macrocyclic dienes undergo facile Michael 
additions with sulfur nucleophiles to form two-headed 
amphiphiles (bolaamphiphiles) capable of forming thin 
monomolecular membranes. The literature data, together 
with model building and molecular mechanics explora- 
tions, suggest that the macrocycles could adopt the oblong 
shape pictured in Figure 1. The wall units need to extend 
about 15 A: the tetraester derived from 1,8-octanediol 
would be about the correct. length. Side-discriminated 
tetraester macrocycles bearing polar and nonpolar func- 
tional groups (Y, Z) would provide the necessary func- 
tionality, but were not known at the outset. 

The target structures are large and amphiphilic and we 
anticipated difficulties in purification. A precursor lacking 
the head groups would still be large but would not be 
amphiphilic. We therefore envisaged head group addition 
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via a Michael reaction as the last step with the hope that 
high unit efficiency would facilitate final purification. The 
link between the wall and the core also uses Michael 
addition to the wall unit. Of several choices ((CH2),, amide, 
ester), we settled on a propyl spacer to an ester linkage 
created by Carboxylate alkylation as the most reliable 
combination (vide iptfra). The synthetic plan is summa- 
rized in Scheme I. 

Given the number of combinations possible and the 
complexity of the structures, we were forced to use a 
semisystematic naming system to track the large number 
of similar products at hand. Names and substructures 
are equated in Figure 2. Each synthon was assigned a 
simple letter or number name: G = 14m"pto-fl-D- 
glucose,20 P = 3-mercaptopropyl, 8 = from l,&octanediol, 
Trg = from triethylene glycol, Hex = the hexacarboxylate 
crown ether 18C6&, etc. (See Appendix for comprehen- 
sive list of compound name abbreviations.) Each inter- 
mediate was named as a combination of its synthon 
abbreviations with the exception that the maleate esters 
are implied: 82 = the macrocyclic tetraester from 2 mol 
of 1,8-octanediol (and 2 mol of maleic anhydride), 8Trg 
= the macrocyclic tetraester derived from 1 mol of 1,8- 
octanediol and 1 mol of triethylene glycol (and 2 mol of 
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Figure 2. Components of the modular construction set. See text for naming conventions. 

maleic anhydride), etc. The final structures were ordered 
from head to core: (head + wall + spacer),, + core. Thus 
(G8TrgP)sHex, as illustrated in Figure 1, is a thioglucose 
head group + a tetraester wall unit derived from 1,8- 
octanediol and triethylene glycol + a propyl spacer, as the 
hexakis ester of the 18C6& crown ether. The naming 
convention does not attempt to keep track of the regio- 
and stereoisomers, hence 8Trg could refer to a ci8,ci.v 
isomer (as in Scheme II), or to a trans,truns-isomer (as 
in Scheme 111). The regio isomers of more complex 
products are also ignored by the naming scheme. 

Figure 2 illustrates the components of a modular 
construction set, or molecular tinker to^,'^ which have been 
prepared and which are consistent with the synthetic plan. 
The final assembly process involves only two types of 
reactions which have been optimized to permit assembly 
of any of the potential combinations. The core units offer 
choices of two, four, or six points of attachment with two 
types of conformational control: the axial orientation of 
Figure 1 from (R,R)-tartaric acid, and a distorted con- 
formation from the mesa derivatives mDi and mTet.14 
The wall units offer a range of lengths and polarities, and 

the head units vary in size, charge, and hydrophilicity. We 
report 21 of the 75 combinations to illustrate the generality 
of the approach and to provide materials for a structure 
activity study.Is 

Results and Discussion 

Synthesis of Macrocyclic Tetraester Wall Units. 
The macrocyclic tetraesters were prepared from maleic 
acid and diols by acid-catalyzed esterification as outlined 
by Fuhrhopla (Scheme 11). The reaction can be done in 
two steps, or in a single pot without isolation of iater- 
mediate diacids Y ZAz. The symmetrical macrocycles with 
(CH& chains (82,52, and 122 ) were simple to isolate by 
crystallization in yields of 10-1596. The more polar 
symmetrical derivatives required chromatographic sep- 
aration to give Trgz in 7 96 yield and Ur2 in only 2 96 yield. 
The drop in yield with the polarity and hydrogen bonding 
capability of the diol is completely general and limits the 
types of functional groups which can be incorporated by 
this route.21 The macrocycle Urz and other examples 
containing amide functional groups are formed in cases 
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where the diol is sufficiently soluble, but their yields are 
too low for practical use in the subsequent steps. 

Acid-catalyzed esterification to form side-discriminated 
marocyclic tetraesters such as 8Trg gave statistical 
mixtures of all the transesterification products (Scheme 
11). Isolation of 8Trg by chromatography is complicated 
by its coelution with the 1:l macrocycle 1 under all 
conditions explored and by the identical chemical shifts 
in the lH NMR spectrum of 8Trg and 1. The two can be 
distinguished by slightly different l3C NMR signals of the 
olefinic carbons and can be separated by distillation to 
remove the more volatile 1, followed by 8Trg. Direct 
distillation from a crude reaction product is not possible, 
so a chromatographic step to give fractions enriched in 
8Trg but with different volatile (1 and/or 21, and involatile 
impurities (Trgz and/or polymer) is required. Separate 
distillation of the fractions gives 8Trgin a combined yield 
of &7%. 

Macrocyclic tetraesters can also be prepared by car- 
boxylate alkylation (Scheme 111). There is no competing 
transesterification in these cases, but the yields are no 
better (8Trg: 7%; 8Phg: 3%; 8Ur: 0.2%). The condi- 
tions are compatible with a range of amide-containing 
materials, so the low yields must reflect inefficient ring 
closure. In some cases trace I2 provokes cis to trans 
isomerization of the maleate units. 

The mono-adduct formation by Michael addition of 
3-mercaptopropanol to the macrocycles is outlined in 
Scheme IV. The yields are lower (20-35%) than the 
expected statistical yield (50 % ) due to chromatographic 
losses. Combined low yields in this and the preceeding 
step limited the wall unit synthesis to the five indicated 
in Scheme IV. Reversible addition-elimination of the basic 
catalyst piperidine resulted in complete cis to trans 

(21) Zojdi, M. The&. University of Victoria, 1991. 

MsOH Dean-&, benzene 12 hr. ~ w o w o w o  
0 8 - b  + 

____+ 

isomerization of the unreacted olefin. A more hindered 
catalyst, 2,2,4,4-tetramethylpiperidine, preserved the cis 
stereochemistry of the starting diene. The olefin is 
ultimately lost, so the key issue here is formation of a 
single isomer, either cis or trans, to simplify increasingly 
complex l3C NMR spectra. The dissymmetric case 
(8TrgPOH) forms with a modest regioselectivity favoring 
addition adjacent to the Trg  side. Attempts to steer the 
reaction or to isolate a single isomer were fruitless: all 
regioisomers were carried forward as a mixture. Conver- 
sion to the mesylate (Y ZPOMs) and thence to the iodide 
(Y ZPI) proceeded smoothly, to complete the preparation 
of five potential wall components (82P1, S#I, 122PI, 
TrgzPI, and 8TrgPI). 

Linkage of the Wall Units to the Core. Numerous 
amide derivatives of crown ether carboxylic acids are 
known" but esters are rarely reported.22 Our earlier report 
formed the core-to-wall ester linkage via the crown ether 
acid chloride.ll Close inspection of the l9C NMR signals 
for the crown ether methine carbons of severalmodel esters 
formed from acid chlorides revealed additional complex- 
ities consistent with some loss of stereochemical integrity.29 
Since we were unable to reliably suppress this side reaction 
in model compounds, we turned to ester formation via 
carboxylate alkylation. 

Using C S ~ C O ~  as the base24 allowed the preparation of 
esters of the dicarboxylate crown ether Di, but gave no 
trace of any reaction with either the tetra- or hexaacids 
Tet and Hex.2s The monocesium salt complexes of these 
two ligands crystallize readily from water and show well- 

~~ 
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organized Cs+ binding sites in both cases.2s Evidently 
this complex is quite unreactive since no esterification 
occurred, even under conditions where the reaction mixture 
was apparently homogeneous. The solution to this impasse 
was the use of a noncoordinating cation (MedN+) as 
counterion to the crown ether carboxylate (Scheme V). 
Preparation of an anhydrous salt proved to be unreliable 
and we opted for uae of stoichiometric tetramethylam- 
monium pentahydrate to form the tetra- or hexakis salts. 
The water present provoked some competing hydrolysis 
of the wall unit iodide YZPI to give YZPOH in every 
case. Under the optimized conditions, a 2-fold excess of 
Y ZPI was used and the alcohols were recovered, for recycle, 
during the purification. Gel filtration with lipophilic 
Sephadex gave the products at  the exclusion volume, well 
separated from low molecular weight byproducts. The 
isolated yields were typically 65-70% for derivatives of 
Tet and 50-55 % for derivatives of Hex, corresponding to 
about 90% yield per ester formed. 

Addition of Polar Head Groups. To complete the 
synthesis, two, four, or six head groups were added using 
the Michael addition of sulfur nucleophiles to the maleate 

(25) Dutton,P.J.;Fylee,T.M.;Sureah,V.V.;Fronczek,F.R.;Gandour, 
R. D. Can. J.  Chem. 1993, 71,239. 

units in the walls. Scheme V illustrates the complete 
synthesis of (G8TrgP)eHex as an example. Fuhrhopls 
previously had described a wide range of examples but we 
constrained our efforts to three simple cases: l-thio-@- 
D-glUC0Se,20 3-mercaptopropanol, and mercaptoacetate. A 
2-fold excess of the small molecule reagent was used to 
drive the conversion to completion, as judged by the 
NMR spectra of crude product mixtures. Chromato- 
graphic losses of the final products were high in all cases 
due to the amphiphilic character of the materials, so the 
yields were typically 20-40% for this step. Addition of 
j3-mercaptoethylamine as a potential head group resulted 
in aminolysis of the core-wall ester linkage in the three 
cases examined. 

Figure 3 summarizes the 21 compounds prepared from 
the modular construction set and yield information 
expressed as overall efficiency for the two assembly steps 
per bond formed (4,8, or 12). The average yield of isolated 
products for the ester formation step was 58%, but was 
only 22 !% for the Michael addition of head groups due to 
chromatographic losses. The average yield (isolated 
products) of the two steps was 13% (range 3-33%). On 
the basis of yield per bond formed, the esterification 
average efficiency is 83 % , the head group addition average 
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efficiency is 65 % , and the overall average efficiency is 
57% per wall unit/head group added. The main ineffi- 
ciency in both steps is not the actual coupling reactions 
themselves, as NMR spectra of crude materials showed 
complete coupling had been achieved in all cases. Rather, 
the chromatographic losses, particularly of the amphiphilic 
final products, are the main source of inefficiency. Figure 
3 shows the overall efficiency is higher for derivatives of 
Tet and Hex, than for derivatives of Di. The higher 
molecular weight materials are separated efficiently from 
low molecular weight byproducts during gel filtration, 
leading to better recoveries of purified products. 

The suite offers a range of combinations for a structure- 
activity study and covers about 25% of the potential 
combinations of components of Figure 2. Despite the high 
average molecular weight (>2900 g/mol), the compounds 
behave as conventional organic materials. The compounds 
were prepared as mixtures of the regio- and stereoisomers, 
and no chromatographic fractionation of the mixtures was 
found in any case. Small regiochemical preferences were 
noted, but all of the expected regioisomeric lines were 
observed in the 13C NMR. In homogeneous solution, 
independent molecular motions of the extremities of the 
molecules result in averaging of many of the potential 
diastereotopic signals. This fortunate occurance greatly 
simplified the complexity of the spectra, and in spite of 
the very large number of resonances all peaks could be 
assigned.23 In the preliminary work, incomplete esteri- 
fication was simple to detect by the additional multiplicity 
in the signals for the crown ether methine units. Incom- 
plete Michael reaction for addition of head groups was 

simply detected in the olefin resonances. 
Mass spectra of the products gave molecular ions in 

many cases. Two prominent fragmentation processes were 
diagnostic: a retro-Michael process to give the molecular 
ion minus a head group, (M - head)+, and a cleavage in 
the propyl linkage B to the sulfur to result in (M - wall)+. 
A retro-Michael reaction at the propylthio spacer would 
produce a daughter ion having the mass of a wall plus a 
head group. This ion was frequently the base peak. In 
many cases, fragments corresponding to sequential loss of 
one, two, and three wall units confirmed the structures 
assigned. Not surprisingly, the complexity of the mass 
spectra increased with the number of basic sites in the 
molecule. The least favorable cases involved the con- 
junction of the G head group and the Trgz wall unit. 

The modular or tinker-toylg approach to the construc- 
tion of large structures imposes quite rigorous demands 
on the components and on the construction reactions. The 
components must have desired structural and functional 
characteristics, but must also be available in useful 
amounts. Some of our potential components fail in this 
regard (e.g. 8Ur or 8Phg). The efficiency of coupling 
reactions must be high, as ours are, but should ideally 
offer more regio-and stereochemical control than the 
processes used in this fmt-generation set. More structural 
control would be possible if the wall units were single 
isomers or achiral. Finally, structure without function is 
a sterile goal. Fortunately half of the materiala prepared 
are active transporters and five can be shown to act by a 
channel mechanism consistent with the design proposal 
implied by Figure l.13 
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Figure 3. Compounds prepared and overall isolated yield per bond formed in the two coupling reactions. 

Experimental Section 
Melting pointa were taken on a Reichart hot-stage microscope 

(uncorrected). Proton NMR spectra were recorded with Perkin- 
Elmer R32 (90 MHz, CW), Bruker NM 250 (250 MHz, FT), or 
Bruker AMX 360 (360.14 MHz, FT) spectrometers in CDCb, 
CDClz, or CDSOD as solvent; 90-MHz 'H NMR spectra (R32) 
were referenced to Me4Si as internal standard, and all 360-MHz 
1H NMR spectra (AMX 360) were referenced with the central 
solvent line as standard (7.24 ppm for CDCL 5.32 ppm for CD2- 
Clz, and 3.30 ppm for CDaOD all relative to Me&. Carbon 
spectra were recorded with either a Bruker WM 250 (62.89 MHz) 
or Bruker AMX 360 (90.57 MHz) with the central solvent line 
as standard (77.0 ppm for CDCla, 53.8 ppm for CDzC12, and 49.0 
ppm for CDsOD all relative to Me4Si). Methane chemical 
ionization mass spectra were recorded on a Finnegan 3300 GC- 
MS instrument. LSIMS mass spectra were recorded with a 
Kratos Concept IH mass spectrometer using glycerol and/or 
thioglycerol as matrix. Elemental analyses were performed by 
Canadian Microanalytical Services, New Westminster, B.C. 

The polycarboxylate crown ethers Di ((2R,W)-l,4,7,10,13,- 
16-hexaoxacycl~decane-2,3-dicarboxylic acid), mDi ((2R,3S)- 
1,4,7,10,13,16-hexaoxacyclooctadecane-2,3-dicarboxylic acid), Tet 
((2R,3R,llR,12R)-1,4,7,lO,l3,l~hexaoxacycl~decane-2,3,ll,- 
12-tetracarboxylic acid), mTet ((2R,3S,llR,12S)-1,4,7,10,13,16- 
hexaoxacyclooctadecane-2,3,11,12-tetracarboxylic acid), and Hex 
((2R,3R,8R,9R,14R,15R)-1,4,7,10,13,16-hexaoxacycl~decane- 
2,3,8,9,14,15-hexacarboxylic acid) were prepared as previously 
de~cribed.~' The diene macrocycle 12a was prepared as described 
by Fuhrhop and had properties identical to those reported.le 
The iodide Trig12 (1,2-bis(2-iodoethoxy)ethane) was prepared 
from the dichloride by halide exchange." 

General Procedure for Diacids. The diol (1 mol) and maleic 
anhydride (2 mol) were mixed in benzene (500 mL) and refluxed 

for 6 h. The benzene was removed under reduced pressure to 
give a solid product in quantitative yield that was used without 
further purification. The following diacids were prepared. 8 M A 2  
from 1,8-octanediol(146 g, 1 mol) and maleic anhydride (196 g, 
2 mol): lH NMR 90 MHz (6, CDCU 9.8 (br s, 2H), 6.2 (8,4H), 
4.1 (t, J = 6Hz,4H), 1.5 (m), 1.2 (br 8 ) ;  NMR, 62.89 MHz (6, 

mle) 343 (M + 1). 5MAa from 1,5-pentanediol(104 g, 1 mol) and 
maleic anhydride (196 g, 2 mol, 2 equiv) mp 77-81 "C; 'H NMR, 
90 MHz (6, CDCls) 6.3 (s,4H), 4.2 (t, J = 6Hz, 8H), 1.6 (m, 6H); 
MS (CI, mle) 301 (M + 1). 
Nfl-Bis(3-hydroxypropy1)urea (Ur(0H)t). A mixture of 

diethyl carbonate (20.0 g, 169 mmol) and 3-amino-1-propanol 
(25.4 g, 338 mmol) was heated at  148-150 "C for 41 h. The crude 
product was recrystallized from acetonitrile (21.2 g, 71 % ): mp 

(t, J = 7 Hz, 4H), 1.6 (m, 4H); 'V NMR, 62.89 MHz (6, D2O) 
160.7,59.2,36.7, 31.8; MS (CI, mle) 177 (M + 1). Anal. Calcd 
for C,Hl&O3: C, 47.71%; H, 9.15%; N, 15.9%. Found: C, 
47.67%; H, 9.24%; N, 15.75%. 
1,3-Bis(chloroacetamido)benzene (PhgClt). Chloroacetyl 

chloride (8.4 g, 74 mmol, 4 equiv) in dry THF (50 mL) was added 
dropwise into a solution of 1,3-phenylenediamine (2.0g, 18 mmol) 
and triethylamine (12 mL, excess) in dry THF (50 mL) at  room 
temperature under a N2 atmosphere. The reaction was stirred 
for 48 h. The solvent was removed under reduced pressure and 
the black-colored residue was preadsorbed on a silica gel column. 
The product was eluted with dichloromethane/methanol(98:2). 
The solvent was evaporated under reduced pressure. The pale 
brown residue was taken up in 500 mL of dichloromethane which 
was washed with HzO (400 mL) and saturated sodium bicarbonate 
solution (200 mL). The solution was dried over MgSOd, filtered, 
and evaporated to dryness. The solid residue was recrystallized 

CDCla) 167.1, 166.5, 133.4, 130.5,66.5,28.8, 28.1,25.5; MS (CI, 

= 93-94 "C; 'H NMR, 90 MHz (6, DzO) 3.5 (t, J = 7 Hz, 4H), 3.1 
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from acetone and activated carbon to give PhgCla as a white 
solid (0.9 g, 18%): mp = 220-221 "C; lH NMR, 90 MHz (6, CDa- 
COCDs) 8.0 (br s, 2H), 7.2-7.5 (m, 4H), 4.2 (e, 4H); lSC NMR 

MS (CI, mle) 261 (M + 1). Anal. Calcd for Cl0H10N2C12: C, 
46.00%; H, 3.86%; N, 10.73%; C1,27.16%. Found: C, 46.02%; 
H, 3.88%; N, 10.74%; C1,29.48%. 

General Procedure for Diene Macrocycles YZ. The 
appropriate diacid (60 mmol) and diol (60 mmol) were dissolved 
in benzene (1.5 L). Methanesulfonic acid (1 mL) was added and 
the mixture was heated with azeotropic removal of water (Dean- 
Stark) for 12 h. The solvent was removed under reduced pressure 
to give a crude product. Purification details are given below. 

8a: The solid product from 8MAi (20.52 g, 60 mmol) and 1,8- 
octanediol (8.76 g, 60 mmol) was triturated with diethyl ether 
(200mL) and then recrystallized from ethyl acetate, as a colorless 
crystalline solid (3.3 g, 7.3 mmol, 12 % ): mp 103-105 OC; lH NMR, 
90 MHz (6, CDCb) 6.2 (s,4H), 4.2 (t, J = 6.2 Hz, 8H), 1.6 (m), 
1.4 (br 8) ;  lac NMR, 100.12 MHz (6, CDCla) 165.2, 129.6, 65.3, 
29.1,28.4,25.8; MS (CI, mle) 453 (M + l), 481 (M + 29), 493 (M 
+ 41). Anal. Calcd for CuHwOa: C, 63.69% ; H, 8.01 %. Found: 
C, 63.60%; H, 7.96%. 

8Trg: The oily products from three reactions of 8MAa (20.52 
g, 60 "01) and triethlene glycol (9.0 g, 60 "01) were combined 
and preadsorbed onto alumina (250 g) and chromatographed on 
silica gel (450 9). Four fractions were obtained 20% ethyl 
acetate/hexanes (6 L; 2 + 82), 35% ethyl acetate/hexanes (4 L; 
1 > 8Trg),50% ethylacetate/hexanes (8L; 1 <8Trg),and 100% 
ethyl acetate (4 L; 8Trg + Trg, + 1). The solvent was removed 
from fractions 2-4, and they were fractionated separately by 
Kugelrohr distillation. The first volatile fraction (10-9 mmHg, 
120 "C) was 1 (clear oil); the second fraction (W mmHg, 220 
"C) was 8Trg. Product-containing fractions were combined to 
give 8Trg as a colorless solid (7 g, 15.3 mmol, 6.4%): lH NMR, 
90 MHz (6, CDCls) 6.2 (8, 4H), 4.2 (m, 8H), 3.7 (m, 4H), 3.6 (8, 
4H), 1.6 (m), 1.4 (bra); lac NMR, 90.57 MHz (6, CDCla) 165.1, 
165.0,130.2,129.0,70.5,68.7,65.2,64.1,28.7,28.2,25.5; MS (CI, 
mle) 457 (M + 1). Anal. Calcd for C2zHazOlo: C, 57.89%; H, 
7.07%. Found C, 58.14%; H, 7.10%. 

Trga: Triethylene glycol (10 g, 67 "01) and maleic anhydride 
(13.1 g, 134 mmol, 2 equiv) in benzene (1.5 L) were refluxed for 
3 h. A further 10 g of triethylene glycol (67 mmol) and 
methanesulfonic acid (1 mL) were added, and the mixture was 
heated with azeotropic removal of water (Dean-Stark) for 12 h. 
The solvent was removed under reduced pressure and combined 
with two batches made analogously, and the oily products were 
preadsorbed from benzene onto alumina (200 g) and chromato- 
graphed on silica gel (250 9). Three fractions were collected 
50% ethyl acetate/hexanes (3 L), 60% ethyl acetate/hexanes (1 
L), and 100% ethylacetate (3 L, Trg,). The solvent wasremoved 
from the third fraction and evacuated for 24 h (the procedure 
can be improved subsequently by seeding before evacuation). 
The solid was triturated with the minimum of ethyl acetate to 
afford a colorless solid (6.5 g, 15.2 mmol, 7.5%): lH NMR, 90 
MHz (6, CDCls) 6.2 (8, 4H), 4.2 (t, J = 3 Hz, 8H), 3.6 (m, 8H), 
3.5 (8, 8H); l9C NMR, 62.89 MHz (6, CDCb) 165.0, 129.0, 70.5, 
68.8, 64.3; MS (CI, mle) 461 (M + l), 489 (M + 29), 501 (M + 
41). Anal. Calcd for CaH~012: C, 52.17%; H, 6.13%. Found 
C, 51.9%; H, 6.03%. 

62: The solid product from 5MA3 (30 g, 0.1 mol) and 1,5- 
pentanediol (10.4 g, 0.1 mol) was triturated with diethyl ether 
(200 mL) and then recrystallized three times from ethyl acetate 
to afford a colorless crystalline solid (3.8 g, 10 mmol, 10% 1: mp 

6 Hz, 8H), 1.8-1.3 (m, 12H); W! NMR, 62.89 MHz (6, CDCla) 
165.4, 129.8, 65.0, 28.1, 22.0; MS (CI, m/e) 369 (M + 1). Anal. 
Calcd for CleHuOa: C, 58.69%; H, 6.57%. Found C, 58.73%; 
H, 6.57%. 

Urr: The diol Ur(OH)r (2.0 g, 113 mmol), maleic anhydride 
(1.1 g, 113 mmol), and methanesulfonic acid (1 mL) was stirred 
at  reflux in benzene (500 mL) with azeotropic removal of water 
(Dean-Stark) for 48 h (slow dissolution of solid diol). The solvent 
was evaporated under reduced pressure and the oily residue was 
purified by chromatography on silica gel (100 9). The product 
was eluted with dichloromethane/methanol (l:l), the solvent was 

62.89 MHz (6, CDaCOCDa) 165.4,139.9,130.0,116.2,111.7,44.1; 

130-131 'C; 'H NMR, 90 MHz (CDCla) 6.2 (8, 4H), 4.2 (t, J = 
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removed, and the residue was dissolved in methanol (50 mL). 
Upon addition of diethyl ether (12 mL) to this solution, the 
product Ur2 precipitated as a sticky oil (63 mg, 2%): lH NMR, 

= 7 Hz, 8H), 1.7 (m, 8H); '9C NMR 62.89 MHz (6, CDaOD) 167.2, 
161.1, 131.1, 64.1, 37.8, 30.2; MS (CI, mle) 613 (M + 1). Anal. 
Calcd for CaHa2NdOlo: C, 51.56%; H, 6.29%; N, 10.93%. 
Found C, 51.32%; H, 6.22%; N, 10.18%. 

8Trg by Carboxylate Alkylation. A mixture of the diacid 
8MAz (6.8 g, 20 "01) and the diiodide TrgIa (7.4 g, 20 "01) 
in dry DMF (200 mL) was added dropwise over a 54-h period into 
a stirred mixture of cesium carbonate (13.0 g, 40 mmol, 2 equiv) 
in dry DMF (200 mL) at 82 "C under a NZ atmosphere. The 
reaction was heated for 67 h and the solvent was evaporated 
under reduced pressure. The solid residue was preadsorbed on 
neutral alumina (70 g) and chromatographed on a silica gel 
column. The product was eluted with hexane/ethyl acetate as 
a colorless oil (0.62 g, 7 % ). Spectral properties identical to those 
above except for the tram resonances in the NMR spectra: lH 
NMR 6 6.8 (8 ) ;  lac NMR 6 133.5. 

8Ur by Carboxylate Alkylation. A solution of the diol Ur- 
(OH)* (2.0 g, 11 mmol), maleic anhydride (2.23 g, 22 "01, 2 
equiv), and one drop of concd sulfuric acid in dry DMF (100 mL) 
was heated at  65 "C for 29 h. This solution was added to a 
dropping funnel containing l,&diiodooctane (4.15 g, 11 "01) 
and dry DMF (150 mL) and the mixture was added dropwise 
over a 24-h period to a strirred suspension of cesium carbonate 
(7.50 g, 23 mmol,2.1 equiv) in dry DMF (1.0 L) at  80 OC. The 
reaction was heated for a total of 39 h. The solvent was evaporated 
under reduced pressure, the residue was taken up in dichlo- 
romethane (600 mL) and was fiitered, and the solvent was 
evaporated under reduced pressure. The product was purified 
on silica gel (120 g) eluted with dichloromethane/methanol(95 
5).  The solvent was evaporated to dryness and the pale yellow 
oily residue was triturated 'with diethyl ether (50 mL) to give 
8Ur as white crystalline needles (11 mg, 0.2%): mp = 133-134 
"C; lH NMR, 90 MHz (6, CDCld 6.2 (e, 4H), 4.9 (br, 2H), 4.2 (m, 
8H),3.2(t,J=7Hz,4H),1.9(m,4H),1.6(m,4H),1.4(brs,8H); 
lac NMR, 62.89 MHz (6, CDCb) 165.7,165.4,158.2,130.3,129.2, 
65.4, 63.0,36.9,28.8,28.6, 28.2, 25.3; MS (CI, mle) 483 (M + 1). 
Anal. Calcd for CZSHMN~O~: C, 57.25%; H, 7.10%; N, 5.81%. 
Found C, 57.22%; H, 6.94%; N, 5.73%. 

8Phg: A mixture of the dichloride PhgClS (2.0 g, 7.6 mmol) 
and sodium iodide (11.5 g, 76 "01, 10 equiv) in acetone (200 
mL) was refluxed under a Na atmosphere for 20 h. The solvent 
was evaporated under reduced pressure. The crude diiodide was 
mixed with the diacid 8MAa (2.6 g, 7.6 "01) in dry DMF (300 
mL) and the mixture was added dropwise over a 12-h period to 
astirred suspension of cesium carbonate (5.0 g, 15 mmol, 2 equiv) 
in dry DMF (200 mL) at 80 'C under a N2 atmosphere. The 
reaction was heated for a total of 24 h. The solvent was removed 
under reduced pressure. The orange solid residue was taken up 
in chloroform (800 mL) and was washed with water (200 mL x 
3). The organic layer was separated, dried over magnesium 
sulfate, and filtered, and the solvent was evaporated under 
reduced pressure. The residue was purified on a silica gel column 
(60g) and the product was eluted with dichloromethane/methanol 
(982). Solvent was evaporated under reduced pressure and the 
residue was triturated with diethyl ether (300 mL) to give 8Phg 
as a white powder (0.13 g, 3%): mp = 219-220 "C; lH NMR 90 
MHz (6,  CDCW 7.2-7.5 (m, 4H), 6.8 (e, 4H), 4.8 (8,  4H), 4.2 (t, 
J = 6 Hz, 4H), 1.6 (m, 4H), 1.4 (br, s,8H); 18c NMR, 62.89 MHz 
(6, CDCb) 164.6, 164.5, 163.8, 137.3, 135.8, 131.5, 130.1, 116.8, 
111.4,65.5,63.4,28.9,28.6,25.7; MS (CI, mle) 531 (M + 1). Anal. 
Calcd for C2&3&J2010: C, 58.86 % ; H, 5.70 % ; N, 5.28 9%. Found: 
C, 58.84%; H, 5.50%; N, 5.27%. 

General Procedure for Wall Units: YZPOH, YZPOMe, 
YZPI. The macrocylic dienes (Y Z) (25 mmol) and 3-mercapto- 
1-propanol (25 mmol) were dissolved in 2-propanol (200 mL) 
containing piperidine (1 mL) or 2,2,6,6-tetramethylpiperidine 
(0.5 mL), and the mixture was heated at  reflux for 2 h (or 5 h 
at  60 OC for tetramethylpiperidine). The solvent was removed 
under reduced pressure and the product was chromatographed 
on 8% deactivated alumina (250 g) with a dichloromethane/ 
hexane gradient (6050 to 100% CHZC12). Unreacted macrocyclic 
diene was obtained in the early fractions eluted with 50% 

90 MHz (6, CDaOD) 6.2 (8, 4H), 4.2 (t, J 7 Hz, 8H), 3.2 (t, J 
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dichloromethane; later fractions (50-100 % CHnCl2) contained 
the product. Combined product-containing fractions were evap 
orated to give YZPOH. The alcohols YZPOH (10 "01) and 
triethylamine (50 mmol) were dissolved in dichloromethane (150 
mL) and the mixture was cooled to -10 OC. Methaneeulfonyl 
chloride (20 "01) in dichloromethane (5 mL) was added 
dropwise over 30 min. The reaction was allowed to warm to 
room temperature and was stirred for a further 2 h. The reaction 
mixture was then washed with saturated sodium chloride (2 X 
100 mL), 10% hydrochloric acid (2 X 100 mL), 10% sodium 
bicarbonate (2 X 100 mL), and again with saturated sodium 
chloride (2 X 100 mL), and dried over sodium sulfate, and the 
solvent was removed to give YZPOMs. The mesylates (6 "01) 
and sodium iodide (48 "01) were mixed in acetone (100 mL) 
and heated at reflux overnight. The solvent was removed under 
reduced pressure. The crude products were dissolved in dichlo- 
romethane (200 mL), washed with water (2 X 100 mL), and dried 
over sodium sulfate, and the solvent was removed under reduced 
pressure to give the iodides YZPI. 

8QOH. From 82 (12.5 g), using piperidine catalyst, as a clear 
oil (4.15 g, 76 mmol,28%): 1H NMR, 90 MHz (6, CDCb) 6.8 (8, 
2H), 4.2 (m, 8H), 3.7 (m, 3H), 3.2-2.7 (m, 4H), 2.4 (8, lH), 2.0-1.2 
(m,26H);~gCNMR,62.89MHz(CDC~)171.7,170.6,165.0,133.5, 
65.3,64.9,61.1,41.7,36.6,31.8,28.4,28.1,26.0,25.3; MS (CI, mle) 
545 (M + 1). Anal. Calcdfor C ~ H U O ~ S  C, 59.54%; H, 8.14%; 
S, 5.89%. Found: C, 59.65%; H, 8.01%; S, 5.52%. 

8QOMs. From 8QOH (4.15 g, 7.6 "01) as a yellow oil (3.62 
g, 5.8 mmol, 76%): 1H NMR 90 MHz (6, CDCh) 6.8 (s,2H), 4.2 
(m, lOH), 3.6 (dd, J = 3, 6 Hz, lH), 2.9 (8, 3H), 3.1-2.6 (br m, 
4H), 2.0 (m, 2H), 1.8-1.2 (br m, 24H); lac NMR, 62.89 MHz 
(CDCb) 171.2,170.3,164.8,133.4,67.8,65.2,64.8,41.5,37.236.4, 
28.7, 28.6, 28.2, 25.9, 25.2, 21.3; MS (CI, mle) 623 (M + 1). 

881. From 8QOMs (3.62 g, 5.8 mmol), as a yellow oil (3.0 
g, 46 mmol, 79%): 1H NMR, 90 MHz (6, CDCb) 6.8 (8, 2H), 4.2 
(m,8H), 3.65 (dd, J =  3,6 Hz), 3.2 (t,J= 6 Hz), 3.0-2.7 (m, 4H), 
2.1 (m, 2H), 1.8-1.3 (br m, 24H); lac NMR, 62.89 MHz (CDCb) 
171.5, 170.4, 164.9, 133.5, 65.4, 64.9, 41.5, 36.6, 32.4, 32.0, 28.8, 
28.4,26.0,25.3,4.3; MS (CI, mle) 655 (M + 1). Anal. Calcd for 

C, 49.21%; H, 6.56%; S, 5.10%; I, 19.64%. 
8TrgPOH. From 8Trg (5 g, 11 mmol), using piperidine as 

catalyst, as a clear oil (2.38 g, 4.3 mmol,39%): lH NMR, 90 MHz 
(6,CDC&)6.8 (s,2H),4.2 (m,8H),3.6 (m,llH),3.0-2.6 (m,4H), 
1.8-1.1 (m, 15H); 1sC NMR, 62.89 MHz (CDCls) 171.6, 170.5, 
164.9, 134.0, 133.1, 70.7, 70.6, 70.4, 69.2, 69.0, 68.9, 65.3, 65.2, 
64.7, 64.5, 64.4, 64.2, 63.9,60.9, 41.7,41.5, 36.5,36.4, 31.8,31.7, 
28.8,28,6,28.4, 28.3,28.0, 25.6, 25.3; MS (CI, mle) 549 (M + 1). 
Anal. Calcd for C&~011S C, 54.73 % ; H, 7.34 % : S, 5.84 % . 
Found C, 54.88%; H, 7.49%; S, 5.64%. 

8TrgPOMs. From 8Trg (720 mg, 1.3 mmol), as a yellow oil 
(740 mg, 1.2 "01, 90%): 1H NMR, 90 MHz (6, CDCb) 6.8 (8, 
2H), 4.2 (m, lOH), 3.6 (m, 9H), 3.0 (8, 3H), 2.9-2.6 (m, 4H, 2.0 
(m, 2H), 1.8-1.3 (m, 12H); 1sC NMR 62.89 MHz (CDCL) 171.3, 
170.3, 164.9, 134.0, 133.1, 70.7, 70.6, 70.4, 69.2, 69.0, 67.8, 65.3, 
64.8, 64.5, 64.3, 63.9, 41.6, 41.5, 37.3, 36.4, 36.3, 28.8, 28.5, 28.4, 
28.3, 27.4, 25.6, 25.3. 

8TrgPI. From 8TrgPOMs (740 mg, 1.2 mmol), as a yellow 
oil (500 mg, 760 pmol, 63%): lH NMR, 90 MHz (6, CDCIs) 6.8 
(8, 2H), 4.2 (m, 8H), 3.6 (m, 9H), 3.2 (t, J = 6 Hz), 2.9-2.6 (m, 
4H), 2.0 (m, 2H), 1.7-1.2 (m, 12H); 1SC NMR, 62.89 MHz (CDCls) 
171.3, 170.3, 164.8, 134.0, 133.0, 70.7, 70.6, 70.4,69.1, 69.0, 65.3, 
64.8,64.5, 64.4,64.3, 63.9,41.5,41.4,36.4, 36.3, 32.3, 32.0,31.9, 
28.8, 28.6, 28.5, 28.3, 28.2, 25.6, 25.3, 4.4; MS (CI, mle) 659 (M + 1). Anal. Calcd for C&I~SO~&I: C, 45.59%; H, 5.96%; S, 
4.86%; I, 19.26%. Found C, 45.72%; H, 5.91%; 0, 4.71%; S, 
19.04%. 

TrgQOH. From Trgs (6.4 g, 14 mmol), using 2,2,6,6- 
tetramethylpiperidine catalyst in tetrahydrofuran solvent, as a 
clear oil (1.4 g, 2.5 mmol, 18%): 1H NMR, 360 MHz (6, CDCb) 
6.2(s,2H),4.3 (m,8H),3.7(m,19H),2.9-2.6(m,4H),2.O(s,lH), 
1.8 (m, 2H); 1Bc NMR, 62.89 MHz (CDCb) 171.4, 170.2, 165.0, 
129.7,70.5,68.9,68.8,64.4,64.3,64.0,61.0,41.7,36.4, 31.8,28.1; 
MS (CI, mle) 553 (M + 1). Anal. Calcd for C&&aS: C, 
49.99%; H, 6.57%; S, 5.80%. Found C, 49.75%; H, 6.52%; S, 
5.87 % . 

CnH&O&I C, 49.54%; H, 6.62%; S, 4.90%; I, 19.39%. Found 

Fylee et  al. 

TrgQOMs. From TrgaOH (1.4 g, 2.5 mmol), as a yellow 
oil (1.23 g, 2.0 mmol,80%): 1H NMR, 360 MHz (6, CDCL) 6.2 
(a, 2H), 4.2 (m, lOH), 3.6 (m, 17H), 2.8-2.6 (m,4H), 2.1 (m, 2H); 
1Bc NMR, 62.89 MHz (CDCL) 171.1, 170.0, 165.0, 129.7, 70.5, 
68.7, 67.8, 64.5, 64.3, 64.0, 41.6, 37.3, 36.3, 32.0, 27.3. 

TrgQI. From TrgQOMs (1.23 g, 2.0 mmol), as a yellow oil 
(1 g, 1.5 mmol,75%): 1H NMR, 360 MHz (6, CDCb) 6.2 (s,2H), 
4.2 (m, 8H), 3.6 (m, 17H), 3.2 (t, J =  6 Hz, 2H), 3.h2.6 (m, 4H), 
2.0 (m, 2H); 18C NMR, 62.89 MHz (CDCb) 171.1, 170.0, 165.0, 
129.7, 70.6, 68.9, 68.8, 64.5, 64.3, 64.0,41.6, 36.4, 32.0,32.3, 4.5; 
MS (CI, m/e) 663 (M + 1). Anal. Calcd for CgHaO&I: C, 
41.70%; H, 5.33%; S, 4.84%. Found C, 42.36%; H, 5.03%; S, 
5.16%. 

5 9 0 H .  From 6, (5 g, 14 mmol), using piperidine catalyst, as 
a clear oil (960 mg, 2.0 mmol, 14%): lH NMR, 360 MHz (6, 
CDCL)6.8 (s,2H),4.2 (m,8H),3.7 (m,3H),2.9-2.6 (m,4H),2.0 
(8, lH), 1.8 (m, 2H), 1.7-1.5 (m, 12H); W NMR, 90.57 MHz 
(CDCb) 171.3, 170.3, 165.0, 164.9, 133.4, 65.0, 64.9, 64.6, 60.6, 
42.5,36.0,31.4,28.4,28.3,27.9,23.2,22.9; MS (CI, mle) 461 (M + 1). Anal. Calcdfor C21H&& C, 54.77%; H, 7.00%; S,6.96%. 
Found C, 54.83%; H, 6.94%; S, 7.35%. 

5QOMs. From 5Q0H (960 mg, 2 mmol), as a yellow oil (900 
mg, 1.7 mmol,85%): 1H NMR, 360 MHz (6, CDCb) 6.8 (s,2H), 
4.2 (m, lOH), 3.6 (dd, J = 3,6 Hz, lH), 2.9-2.6 (m, 4H), 2.0 (m, 
2H),1.8-1.4(m,12H);WNMR,90.57MHz(CDC&) 170.9,169.9, 
164.6,133.2,67.6,64.8,64.7,64.3,42.2,37.1,35.7,28.2,28.1,27.9, 
27.2, 22.9, 22.8. 

691. From 6QOMe (900 mg, 1.7 mmol), aa a yellow oil (540 
mg, 940 pmol, 55%): 1H NMR, 360 MHz (6, CDCb) 6.7 (s,2H), 
4.1(m,8H),3.5(dd,J=3,6Hz,lH),3.l(t,2H),2.8-2.5(m,4H), 
1.9 (m, 2H), 1.7-1.4 (m, 12H); lac NMR, 90.57 MHz (CDCb) 
170.8, 169.8, 164.6, 133.2, 64.8, 64.7, 64.3, 42.1, 35.8, 31.8, 31.7, 
28.2,28.0,22.9,22.8,4.5; MS (CI, mle) 571 (M + 1). Anal. Calcd 
for C2lHslO&I C, 44.22%; H, 5.48%; S, 5.62%; I, 22.25%. 
Found C, 44 91 %; H, 5.45%; S, 6.13%; I, 21.89%. 

1290H.  I 122(5.5g,9.8mmol),usingpiperidinecatalpt, 
as a colorless soua (720 mg, 1.1 mmol, 11 %): lH NMR 360 MHz 
(6,CDCb) 6.8 (s,2H),4.2 (m,8H), 3.7 (m, 3H), 3.0-2.6 (m,4H), 
1.8 (m, 2H), 1.5-1.2 (m, 41H); NMR, 62.89 MHz (CDCh) 
171.3, 170.4, 165.0, 133.6, 65.4, 65.1, 61.1, 41.8, 36.6, 31.7, 29.2, 
29.0,28.4,28.0,25.9,25.6; MS (CI, mle) 657 (M + 1). Anal. Calcd 
for C&mO&: C, 64.09%; H, 9.06%; S, 4.88%. Found C, 
64.23%; H, 9.08%; S, 5.26%. 

12Q0M~. From 1 2 9 0 H  (720mg, l.lmmol), asapale yellow 
semieolid(740mg, l.Ommol,90%): lHNMR,360MHz@,CDCb) 
6.8 (s,2H), 4.2 (m, 8H), 3.6 (dd, J = 3,6 Hz), 3.0 (s,3H), 3.2-2.6 
(m, 4H), 2.0 (m, 2H), 1.7-1.1 (m, 40H); lSC NMR, 62.89 MHz 
(CDCh) 171.3,170.4,165.0,133.5,67.8,65.6,65.4,65.1,41.7,37.4, 
36.5, 29.2, 29.0, 28.4, 28.4, 27.4, 25.9, 25.6. 

1281. From 12QOMe (740 mg, 1.0 mmol), as a yellow 
semisolid (640 mg, 830pmol,83% 1: 'H NMR 360 MHz (6, CDCb) 
6.8 (8, 2H), 4.2 (m, 8H), 3.6 (dd = 3, 6 Hz, lH), 3.2 (t, 2H), 
3.0-2.5 (m, 4H), 2.1 (m, 2H), 1.7-1.1 (m, 40H); lBC NMR, 62.89 
MHz (CDCb) 171.3, 170.4, 165.0, 133.5, 65.6, 65.4, 65.1, 41.6, 
36.6,32.4,32.0, 29.3,29.0,28.5,25.9,25.6,4.4; MS (CI, mle) 767 
(M + 1). Anal. Calcd for CuHmO&I C, 54.89%; H, 7.63%; S, 
4.18%;1,16.55%. Found C,54.98%;H,7.88%;S,4.76;1,16.88%. 

General Procedure for Linkage of Wall Unite to Core 
Unite. To a stirred solution of the appropriate crown ether 
carboxylic acid (Core) (500 pmol) in methyl sulfoxide (20 mL) 
at 60 "C under argon, was added tetramethylammonium hy- 
droxide (1 equiv per C02H). To this solution, the iodide YZPI 
(1.1-2 equiv per CO2H as noted below) was added as a solution 
in methyl sulfoxide (2 mL), and the mixture was stirred for a 
further 4 h. The resulting amber solution was evaporated to 
dryness, diesolved in 4 3  chloroform/methanol(2 mL), filtered, 
and chromatographed on a gel filtration column (Sephadex LH- 
20,4 X 20 cm). The product was collected in 1-mL fractions near 
the void volume. Later fractions contained YZPOH from 
hydrolysis. The product-containing fractions were identified by 
TLC on silanized silica (Merck RP-2,5% CHaOH in CHCL, I2 
stain) and were combined to yield the product (YZP)Core. 

(88)tDi. From Di (138 mg, 390 pmol) and -1 (1 g, 1.63 
"01) as a yellow oil (200 mg, 141 pmol, 36%): lH NMR, 360 
MHz (6,CDCb) 6.8 (s,4H),4.4 (s,2H),4.2-4.0 (m,20H),3.7 (m, 
2H), 3.6 (br m, 20H), 3.0-2.5 (m, 8H), 1.9 (m, 4H), 1.5-1.2 (m, 
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48H); 1% NMR, 90.57 MHz (CDC&) 171.4, 170.4, 164.8, 169.2, 
133.4,79.6,71.0,70.6,70.4,70.3,65.2,64.8,63.4,41.4,36.4,28.8, 
28.7, 28.4, 28.3, 25.9, 25.2, 28.1, 27.8. Anal. Calcd for Cm- 

H, 7.52%; S, 4.97%. 
(-)bet. From Tet (48 mg, 110 pmol) and 8 9 1  (600 mg, 917 

pmol), as a yellow oil (205 mg, 78 pmol, 71%): lH NMR, 360 
MHz (6, CD&12): 6.8 (8, 8H), 4.3 (8, 4H), 4.2-4.0 (m, 40H), 3.8 
(m, 4H), 3.6 (br m, 16H), 3.0-2.6 (m, 16H), 2.0 (m, 8H), 1.6-1.2 
(br m, 96H); l8C NMR, 90.57 MHz (CD2Cld 171.7,170.8,165.2, 
169.5,133.8,80.3,71.5,70.5,65.6,65.5,65.3,65.2,63.9,41.9,36.9, 
29.8,29.2,28.8,28.7,28.7,28.6,28.2,26.4,25.7,25.6. Anal. Calcd 
for C1&&4&4: C, 58.47; H, 7.59; S, 5.03. Found C, 58.05; H, 
7.49; S, 5.32. 

(89)&Iex. From Hex (40 mg, 76 pmol) and 8 9 1  (603 mg, 
920pmol), as a yellow oil (151 mg, 41 pmol, 53%): lH NMR, 360 
MHz (6, CD2Cld 6.8 (8, 12H), 4.4 (s,6H), 4.3-3.9 (m, 60H), 3.7 
(m, 6H), 3.6 (br s,12H), 3.0-2.5 (m, 24H), 1.9 (m, 12H), 1.7-1.1 
(br m, 144H); l8C NMR, 90.57 MHz (CD2Cl2) 171.7,170.8,165.2, 
169,4,133.7,80.2,70.9,65.6,65.5,65.1,63.9,41.8,36.9,29.3,29.3, 
29.2, 28.7, 28.6, 28.2, 26.4, 25.7, 25.6. Anal. Calcd for Cleo- 

H, 7.38%; S, 5.80%. 
(8TrgP)rDi. From Di (67 mg, 190 pmol) and 8TrgPI (500 

mg, 760 pmol), as a yellow oil (180 mg, 128 pmol, 67 % ): 'H NMR, 
360MHz (6,CDCh) 6.8 (s,4H),4.3 (s,2H),4.2-3.9 (m,20H),3.8 
(m, 2H), 3.6 (br m, 36H), 3.0-2.5 (m, 8H), 1.9 (m, 4H), 1.7-1.2 
(br m, 24H); l8C NMR, 90.57 MHz (CDCb) 171.3,170.4,170.3, 
164.8, 164.7,169.3,134.0,133.1,79.6,71.0,70.8,70.7,70.6,70.4, 
70.3,69.0, 68.9,65.3, 65.2, 64.8, 64.4, 64.3, 64.2,63.8,63.4, 41.5, 
41.4, 36.6, 36.3, 28.7, 28.6, 28.4, 28.3, 28.1, 27.9, 27.8, 25.8, 25.7, 
25.3,25.2. Anal. Calcd for CsrHlooO&: C, 54.38%; H, 7.13%; 
S, 4.54%. Found C, 53.94%; H, 7.13%; S, 4.43%. 

(8TrgP)zmDi. From mDi (67 mg, 190 pmol) and 8TrgPI 
(500 mg, 760 pmol), as a yellow oil (170 mg, 120 m o l ,  63%): 'H 
NMR,360 MHz (6, CDC&): 6.8 (8, 4H),4.6 (e, 2H), 4.3-3.9 (m, 
20H), 3.8 (m, 2H), 3.6 (br m, 36H), 3.0-2.5 (m, 8H), 1.9 (m, 4H), 
1.7-1.1 (br m, 24H); 1SC NMR, 90.57 MHz (CDCb) 171.2,171.1, 
170.2,170.1,164.6,164.5,169.0,133.7,132.8,80.2,70.7,70.6,70.5, 
70.4,70.3,70.2,68.7,65.0,64.9, 64.5,65.2,64.1,64.0,63.6,63.2, 
41.3, 41.1, 36.3, 36.1, 28.5, 28.4, 28.3, 28.1, 28.0,27.7, 27.5, 25.5, 
25.4, 25.0, 24.9. Anal. Calcd for CsrHl~OaoSa: C, 54.38%; H, 
7.13%; S, 4.54%. Found C, 53.86%; H, 6.78%; S, 4.83%. 

(8TrgP)dTet. From Tet (83.6 mg, 190 pmol) and 8TrgPI (1 
g, 1.52 mmol), as a yellow oil (320 mg, 125 pmol, 66% 1: 'H NMR, 
360 MHz (6, CDC&): 6.8 (8,8H), 4.4-4.0 (br m, 44H), 3.7-3.5 (br 
m, 52H), 3.0-2.5 (m, 16H), 1.9 (m, 8H), 1.7-1.2 (br m, 48H); IT 

169.5, 134.3, 133.3, 80.1, 71.0, 70.8, 69.3, 71.5, 70.5, 65.6, 65.5, 
64.9, 64.8, 64.3, 64.0, 42.0, 41.8, 36.9, 36.7, 29.2, 29.1, 29.0, 28.9, 
28.8, 28.7, 28.6, 28.5, 28.3, 26.1, 25.7, 25.6. Anal. Calcd for 

54.07%; H, 6.84%; S, 5.45%. 
(8TrgP)mTet. From mTet (42 mg, 95 pmol) and 8TrgPI 

(600 mg, 760 pmol), as a yellow oil (160 mg, 62 pmol, 65% 1: 'H 
NMR, 360 MHz (6, CDC&) 6.8 (8, 8H), 4.5 (s,4H), 4.3-4.0 (br m, 
40H), 3.7-3.5 (br m, 52H), 3.0-2.5 (m, 16H), 1.9 (m, 8H), 1.7-1.2 
(br m, 48H); '42 NMR, 90.57 MHz (CDCM 171.3,170.4,164.8, 
168.9, 134.0, 133.1, 80.3, 80.0, 72.5, 70.8, 70.7, 70.4, 70.3, 68.9, 
65.3,65.2, 64.8, 64.4, 64.3, 63.9, 63.6,63.5, 41.5, 41.4, 36.5, 36.4, 
28.7,28.6,28.4,28.3,28.2,27.9,27.8,25.7,25.3,25.2. Anal. Calcd 
for cll&l76oM&: C, 54.36%; H, 6.92%; S, 5.00%. Found C, 
54.15%; H, 7.00%; S, 5.36%. 

(8TrgP)6Hex. From Hex (66 mg, 125 pmol) and 8TrgPI (1 
g, 1.52 mmol), as a yellow oil (151 mg, 41 pmol, 53%): lH NMR, 
360MHz (6, CD2Cl2) 6.8 (s,12H), 4.4-4.0 (br m, 66H), 3.7-3.5 (br 
m, 66H), 3.0-2.5 (m, 24H), 1.9 (m, 12H), 1.7-1.2 (br m, 72H); 13C 
NMR,90.67MKz(CD&12) 171.6,170.8,165.2,165.1,169.4,134.3, 
133.3,80.2,71.1,71.0,70.8,69.3,69.2,65.6,65.5,65.1,64.9,64.8, 
63.9, 42.0, 41.7, 36.9, 36.7, 29.2, 29.0, 28.9, 28.7, 28.6, 28.5, 28.3, 
28.0,26.2,25.8,25.6. Anal. Calcd for C~SSHZ~ZO,&S: C, 54.36%; 
H, 6.84%; S, 5.18%. Found C, 54.20%; H, 6.70%; S, 5.53%. 

( T r g 8 ) a i .  From Di (73.5 mg, 209 pmol) and TrgaI (320 
mg, 483 pmol), as a yellow oil (140 mg, 98 pmol, 47 % ): lH NMR, 
360MHz (6, CDCb) 6.2 (e, 4H), 4.4 (s,2H), 4.3-4.0 (m, 20H), 3.8 
(m, 2H), 3.7-3.6 (br m, 52H), 3.0-2.6 (m, 8H), 1.9 (m, 4H); 1% 

HlmO& C, 58.10%; H, 7.74%; S, 4.56%. Found C, 57.84%; 

HneO& C, 58.61%; H, 7.54%; S, 5.22%. Found C, 58.45%; 

NMR, 90.57 MHz (CD2C12) 171.8,171.6,170.8,170.6,165.2,165.1, 

cila1&& c, 54.36%; H, 6.92%; s, 5.05%. Found c ,  
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NMR,62.89MHz(CDC&) 171.1,170.1,165.0,169.3,129.7,129.6, 
79.7, 71.0, 70.5, 70.3, 68.8, 68.7,64.6, 64.5, 64.2, 63.4, 41.7, 36.4, 
28.1,27.9. Anal. Calcdfor C&HmO&: C, 50.7%; H,6.52%; S, 
4.51%. Found C, 50.00%; H, 6.43%; S, 5.02%. 

(Trg8)rTet. From Tet (29 mg, 66 pmol) and TrgaPI (200 
mg, 302 pmmol), as a yellow oil (95 mg, 37 pmol, 56 96 ): lH NMR, 
360 M H i  (6, CD&12) 6.3 (e, 8H), 4.4-4.1 (m, 44H), 3.8 (m, 4H), 
3.7-3.5 (br m, 80H), 3.0-2.6 (m, 16H), 2.0 (m, 8H); '42 NMR, 

70.9, 69.2,69.1, 69.0, 71.5, 70.4, 65.2,64.9,64.8,64.4,63.9,42.0, 
36.8, 28.5, 28.2. Anal. Calcd for CI&IWO&~: C, 50.30%; H, 
6.25%; S, 4.97%. Found: C, 50.21%; H, 6.34%; S, 5.12%. 

(Trg9)eHex. From Hex (22.9 mg, 43 pmol) and T-81 (200 
mg, 302 pmol), as a yellow oil (80 mg, 21 pmol,49 % 1: lH NMR, 
360 MHz (6, CD2C12) 6.3 (8, 12H), 4.5-4.1 (m, 66H), 3.8-3.5 (br 
m, 114H), 3.0-2.5 (m, 24H), 1.9 (m, 12H); l8C NMR, 90.57 MHz 

69.2,69.1,64.9,64.8,64.5,64.2,63.9,42.0,36.8,28.5,28.3. hd. 
Calcd for Cl&mO& C, 50.15% ;H,6.15%. Found: C, 60.58%; 
H, 6.50%. 
(69)9L From Di (40 mg, 114 pmol) and 5#I (180 mg, 416 

pmol) , as a yellow oil (80 mg, 64 pmol, 56 % ): 1H NMR, 360 MHz 
(6,CDC&)6.8 (s,4H),4.4 (8, 2H),4.1 (m, 20H),3.8 (m,2H), 3.6 
(m, 20H), 2.9-2.5 (m, 8H), 1.9 (m, 4H), 1.8-1.4 (br m, 24H); '42 
NMR,90.57 MHz (CDC&) 171.0,170.0,164.8,164.7,169.2,133.4, 
133.3,79.6,71.1, 70.6,70.5, 70.3,64.9,64.5,63.4,42.4,35.9,28.4, 
28.3,28.2,28.1,28.0,27.0,23.0. Anal. Calcdfor C&O& C, 
54.36%; H, 6.84%; S, 5.18%. Found C, 53.94%; H, 6.83%; S, 
5.54%. 

(Sg)4Tet. From Tet (37 mg, 84 pmol) and WI (250 mg, 439 
pmmol), as a yellow oil (120 mg, 54 pmol, 64%): lH NMR 360 
MHz(6,CDC&)6,8(~,8H),4.4-4.0(m,44H),3.8 (m,4H),3.7-3.5 
(m, 16H), 2.9-2.5 (m, 16H), 1.9 (m, 8H), 1.8-1.5 (br m, 48H); W 
NMR,62.89MHz (CDCb) 171.2,170.2,165.9,169.3,133.6,133.5, 
80.1, 71.8, 70.4, 65.1,64.7, 63.6,42.6,36.2, 28.6,28.5, 28.3,28.2, 
23.3,23.2. Anal. Calcd for C1&1~0& C, 54.33%; H, 6.56%; 
S, 5.80%. Found C, 54.05%; H, 6.56%; S, 6.09%. 

(129)~Di .  From Di (35 mg, 99 pmol) and l 2 a I  (230 mg, 300 
pmol), as a yellow oil (100 mg, 61 pmol, 62%): lH NMR, 360 
MHz(6,CDCb) 6.8 (s,4H),4.4 (s,2H),4.2-3.9 (m,20H),3.8 (m, 
2H), 3.6 (m, 20H), 3.0-2.5 (m, 8H), 1.9 (m, 4H), 1.7-1.1 (br m, 
80H); 13C NMR, 90.57 MHz (CDCb) 171.7, 170.7, 165.3, 169.7, 
133.8,80.0,71.1,70.8,70.7,70.6,65.7,65.4,63.9,42.0,36.9,29.8, 
29.7,29.5,28.9,28.8,28.6,28.3,26.4,26.1,26.0. Anal. Calcd for 

H, 8.63%; S, 3.84%. 
( 129)4Tet. From Tet (30 mg, 68 pmol) and 1 2 9 1  (286 mg, 

373 pmmol), as a yellow oil (105 mg, 35 pmol, 51%): lH NMR, 
360 MHz (6, CDCg) 6.8 (8, 8H), 4.3 (8, 4H), 4.2-3.9 (m, 40H), 
3.8-3.4 (m, 20H), 3.0-2.5 (m, 16H), 1.9 (m, 8H), 1.8-1.5 (br m, 
160H); l8C NMR, 90.57 MHz (CDCb) 171.3,170.4,165.0,169.3, 
133.5,80.0,71.6,70.4,65.4,65.1,63.5,41.6,36.5,29.3,29.0,28.4, 
28.2,27.9,26.0,25.6. Anal. Calcd for C1&~04&4: C, 62.54%; 
H, 8.61%; S, 4.28%. Found C, 62.52%; H, 8.73%. 

General Procedure for the Addition of Thioglucose Head 
Group (€3). To a stirred solution of (YZP),Core (50 -01) in 
W50 2-propanoUtetrahydofuran (20 mL), at 50 OC under 
nitrogen, methanesulfonic acid (19 mg, 200 pmol) as a 2-propanol 
solution wm added. Tothis solution was added l-thio-&Dglucoee 
sodium salt dihydrate (2 equiv per alkene), followed by 2,2,6,6- 
tetramethylpiperidine (0.25 mL) to aduet the pH to 8, and the 
cloudy solution was stirred a further 12 h at 50 "C. The solvent 
was removed under reduced pressure, and the product was 
dissolved in 4 3  chloroform/methanol (2 mL), fiitered, and 
chromatographed by gel filtration (Sephadex LH-20,4 X 20 cm). 
The product was collected in 1-mL fractions near the void volume. 
The product-containing fractions were identified by TLC (si- 
lanized silica, Merck Rp-2,5% CHaOH in CHCb eluent, 12 stain) 
and combined, solvent was removed to give (GYZP), 
Core. The 1H N m  spectra of the products were recorded, but 
due to the large number of exchangeable protons were relatively 
uniformative. All spectra were consistent with complete Michael 
addition as evidenced by the lack of olefiiic resonances. General 
features (6, CDC&): 4.4-4.0, 3.7-3.5, 3.0-2.5, 2.0-1.8, 1.7-1.1. 

(G&P)ai .  From (&P)SDi (68.9 mg, 48.6 pmol) as a clew oil 
(24.4mg, 13.6pmol,28%): 1% NMR, 90.57 MHz (CDsOD) 173.5, 

90.57 M HZ (CD2Cl2) 171.5,170.5,165.4,169.5,130.1,130.0,80~3~ 

(CDaCl2) 171.5,170.5,165.5,165.4,169.4,130.2,130.0,80.3,70.9, 

C&&& C,61.89%;H,8.66%;5,3.93%. Found C,61.61%; 
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42.8, 41.2, 38.8, 38.0, 37.8, 30.4, 29.8, 29.0, 27.0; MS (LSIMS, 
thioglycerol) 2995 (M + H), 2684,2382 (M - wall). 

(G122P)tDi. From (129)tDi (27.0 mg, 16.6 pmol), as a clear 
oil (6.7 mg, 3.3 pmol, 20%): l8C NMR, 90.57 MHz (CDaOD) 
173.4,173.3,172.9,172.2,172.0,171.9,171.3,86.4,85.8,82.0,81.9, 
80.3, 79.6, 79.5, 74.3, 71.4, 71.3, 71.2, 70.9, 66.8,66.6,66.5, 66.1, 
65.2,62.9,43.0, 42.8,41.2,38.7, 37.9,37.6, 30.8,30.4, 29.8,28.9, 
27.1; MS (LSIMS, thioglycerol) 2022 (M + H), 2044 (M + Na), 
1711,1213 (M - wall). 

(Gl29)rTet. From ( 1 2 8 ) i h t  (55.0 mg, 18.3 pmol), as a 
colorless solid (10.4 mg, 2.8 pmol, 15% ): l8C NMR, 90.57 MHz 
(CDaOD) 173.4, 172.9, 172.1, 171.9, 171.0, 86.5,85.8,82.1, 79.8, 
79.7, 74.3, 71.4, 70.6, 66.6, 66.1, 65.6, 62.9, 43.0, 42.8, 41.3, 38.8, 
37.7,30.8,30.5,29.8,29.0,27.1;MS (LSIMS,glycerol) 3468,2970 
(M -wall). 

General Procedure for the  Addition of (Hydroxypropyl)- 
thio Head Groups (P). The appropriate (YZP)Core (30pmol) 
and 3-mercapto-l-propano1(3 equiv per alkene) as a 2-propanol 
solution were added to 2-propanol (20 mL), piperidine (0.25 mL) 
was added, and the mixture was stirred at  reflux for 1 h. The 
solvent was removed and the product dissolved in 4 3  chloroform/ 
methanol (2 mL) and chromatographed by gel filtration (Sepha- 
des LH 20, 4 X 20 cm). The product was collected in 1-mL 
fractions near the void volume. Product containing fractions 
were identified by TLC (silanized silica, Merck RP-2,5% CHS- 
OH in CHCb eluent, 1 2  stain) and combined, and the solvent was 
removed to give (PYZP),,Core. The lH NMR spectra of the 
products were recorded, but due to the large number of 
exchangeable protons were relatively uninformative. All spectra 
were consistent with complete Michael addition as evidenced by 
the lack of olefinic resonances. General features (6,  CDCb): 4.4- 

(PfWrTet. From (89)4Tet (70.0 mg, 27.5 pmol), as a pale 
yellow oil (36.6 mg, 12.6 pmol, 46%): NMR, 62.89 MHz (6, 
CDCb) 171.5,171.2,170.3,169.2,80.0,71.5,70.3,65.5,65.0,63.5, 
61.2,41.9,41.7,31.9,29.1,28.5,27.9,25.8; MS (LSIMS, glycerol) 
2915 (M + H), 2824. 

(P8TrgP)dTet. From (8TrgP)4Tet (71.1 mg, 27.8 pmol), as 
a pale yellow oil (34.8 mg, 11.8 pmol, 42%): lSC NMR, 90.57 
MHz (6, CDCb) 171.5, 171.4, 171.3, 171.2, 170.3, 170.2, 169.1, 
79.9, 71.3, 70.2, 70.5, 68.9, 65.3, 64.9, 64.3, 63.9, 63.5, 60.9, 41.7, 
41.6,41.4,36.5, 36.4, 36.3, 31.8, 31.7,28.7, 28.6, 28.3, 28.0, 27.9, 
27.7, 25.4, 25.3; MS (LSIMS, glycerol) 2831 (M + H), 2842. 

(P8TrgP)eHex. From (8TegP)gHex (90.0 mg, 24.3 pmol), as 
a yellow oil (33.8 mg, 7.9 pmol, 33% ): '8C NMR, 90.57 MHz (6, 
CDCb) 171.6, 171.5, 171.3, 171.2, 170.4, 170.3, 169.1, 80.0, 70.5, 
68.9, 65.4, 64.9, 64.4, 63.9, 63.6, 61.0,41.8, 41.7,36.6, 36.5, 36.4, 
31.9,31.8,28.8,28.4,28.1,28.0,27.8,25.5,25.4,25.3;MS(LSIMS, 
glycerol) 4264 (M + H), 4173. 

General Procedure for Addition of Thioacetate Head 
Groups (A). The appropriate (YZP)Gore (30 pmol) and 
mercaptoacetic acid (3 equiv per alkene) as a 2-propanol solution 
were added to tetrahydrofuran (20 mL) at 50 "C, 2,2,6,6- 
tetramethylpiperidine (0.25 mL, pH 8) was added, and the 
mixture was stirred a further 3 h. The solvent was removed and 
the product dissolved in 4 3  chloroform/methanol (2 mL) and 
added to a Dowex 50 X 8-100 ion-exchange resin (1 X 5 cm) 
column, which had been activated with 2 M sulfuric acid and 
washed to neutral with water, methanol (50 mL), and 4 3  
chloroform/methanol (50 mL). The acidic fractions were com- 
bined and concentrated to about 1 mL and chromatographed by 
gel filtration (Sephadex LH 20,4 X 20 cm). The product was 
collected in 1-mL fractions near the void volume. Product- 
containing fractions were identified by TLC (silanized silica, 
MerckRP-2,5% CHsOH in CHCbeluent, I&ain) and combined, 
and the solvent was removed to give (AYZP).Core. The lH 
NMR spectra of the products were recorded, but due to the large 
number of exchangeable protons were relatively uninformative. 
All spectra were consistent with complete Michael addition as 
evidenced by the lack of olefinic resonances. General features 

(A%P)det. From (%P)dTet (68.0 mg, 26.7 pmol), as ayellow 
oil (32.0 mg, 10.9 pmol, 41%): l8C NMR, 90.57 MHz (6, CDCh) 
173.3,171.2,170.8,170.4,170.3,170.0,169.2,79.9,71.3,70.2,65.6, 
65.5, 65.0, 63.5, 41.8, 41.6, 36.5, 36.2, 33.0, 29.0, 28.4, 28.1, 27.9, 

4.0, 3.7-3.5, 3.0-2.5, 2.0-1.8, 1.7-1.1. 

(6, CDCb): 4.4-4.0, 3.7-3.5, 3.0-2.5, 2.0-1.8, 1.7-1.1. 

173.3,173.0,172.2,172.1,171.9,171.3,86.4,85.8,82.1,82.0,80.3, 
79.6, 79.6, 71.5, 70.9, 66.7, 66.5, 66.0, 65.3, 62.8, 42.9, 42.8,41.2, 
38.8,37.9,37.7,30.3,29.7,29.5,29.0,26.9; MS (LSIMS, glycerol) 
1798 (M + l), 1101 (M -wall). 

(G89)Pet .  From (8$)4Tet (65.0 mg, 25.4 pmol), as a clear 
oil (28.5 mg, 8.5 pmol, 33 % 1: W NMR 90.57 MHz (CDsOD) 
173.4,173.3,172.9,172.2,172.0,171.9,171.0,86.4,85.5,82.0,81.9, 
80.0, 74.3, 71.7, 71.7, 71.6, 71.2, 70.9, 66.8, 66.5, 66.1, 65.3, 62.9, 
43.0,42.8,41.2,38.8,38.0,37.8,30.4,29.8,29.0,27.0; MS (LSIMS, 
glycerol) 3354 (M + Na), 3136 (M - head), 2634 (M - wall). 

(G&P)aHex. From (8Q)gHex (64.0 mg, 17.6 mol) ,  as a clear 
oil (25.9 mg, 5.3 pmol, 31%): lSC NMR, 90.57 MHz (CDsOD) 
173.4,173.3,172.8,172.2,172.1,171.9,170.8,86.5,85.8,82.1,82.0, 
80.6,79.6, 79.5, 74.3, 71.3, 71.2, 66.8,66.6, 66.1, 65.6, 62.9, 43.0, 
42.8,41.2,38.0,37.8,30.4,29.8,29.5,29.4,29.1,26.9;MS (LSIMS, 
thioglycerol) 4887 (M + Na), 4669 (M - head), 4167 (M - wall). 

(G8TrgP)tDi. From (8TrgP)tDi (69.0 mg, 49.0 pmol), as a 
clear oil (14.6 mg, 8.1 pmol, 17% ): l8C NMR, 90.57 MHz (CDS- 
OD) 173.4,173.3,173.0,172.2,172.0,171.3,86.4,85.8,80.4,79.6, 
79.5,74.3, 71.6, 71.3, 70.9, 70.0,66.7, 66.4, 65.9,65.7, 65.1,62.8, 
42.9, 42.7, 41.2, 37.8, 37.6, 37.5, 30.1, 29.5, 28.9, 26.8, 26.6; MS 
(LSIMS, glycerol) 1805 (M + l), 1104 (M - wall). 

(G8TrgP),mDi. From (8TrgP)tmDi (60.0 mg, 42.6 pmol), 
as a clear oil (18.8 mg, 10.4 pmol, 24%): l8C NMR, 90.57 MHz 

81.8, 81.6, 79.6, 79.5, 74.3, 71.9, 71.8, 71.6, 71.5, 71.3, 71.2, 70.0, 
66.7,66.4,66.0, 65.8,65.2, 64.8,62.9, 43.0, 42.8, 41.2, 38.6, 37.7, 
37.6, 30.1, 29.9,29.6, 29.0, 26.7; MS (LSIMS, glycerol) 1805 (M 
+ H), 1827 (M + Na), 1104 (M - wall). 

(G8TrgP)rTet. From (8TrgP)dTet (70.0 mg, 27.3 pmol), as 
a clear oil (11.2 mg, 3.3 pmol, 12%): lSC NMR, 90.57 MHz (CDs- 
OD) 173.5,173.4,173.0,172.2,172.0,171.1,86.5,85.8,82.0,79.8, 
79.6, 79.4, 74.3, 71.7, 71.4, 70.4, 70.0,66.8, 66.5, 66.0, 65.8, 65.2, 
62.8,43.1,41.4,41.1, 38.6, 37.9, 37.6,30.8, 29.8,29.6, 29.1, 26.7; 
MS (LSIMS, glycerol/thioglycerol) 3369 (M + Na), 3152 (M - 
head). 

(G8TrgP)rmTet. From (8TrgP)mTet (40.0 mg, 15.7 pmol), 
as a clear oil (10.3 mg, 3.0 pmol, 19%): 'Bc NMR, 90.57 MHz 

74.3, 71.6, 71.3, 70.0, 64.7, 66.4, 66.0, 65.2, 62.8, 43.1, 41.3, 41.1, 
38.6,37.8,37.6,29.9,29.6,29.1,26.7; MS (LSIMS, glycerol) 3347 
(M + H). 

(G8TrgP)eHex. From (8TrgP)oHex (50.3 mg, 13.7 pmol), as 
a clear oil (32.0 mg, 6.5 pmol, 47%): lSC NMR, 90.57MHz (CDs- 
OD) 173.5, 173.4, 172.9, 172.8, 172.2, 172.1, 172.0, 171.9, 170.8, 
86.5, 85.8, 81.9, 81.8, 80.5, 79.6, 79.5, 74.3, 71.6, 71.3, 71.2, 70.0, 
66.6, 66.5, 65.9, 65.8, 65.2,62.9, 42.8, 42.7, 41.2,38.5, 37.5,37.4, 
29.9,29.6,29.1,26.7; MS (LSIMS, glycerol/thioglycerol) 4187 (M 
- wall), 3483 (M - 2wall), 2776 (M - 3wall). 

(GTrga),Di. From (Trg9) tDi  (71.0 mg, 50.0 pmol), as a 
clear oil (21.7 mg, 12.0 pmol,24% ): lSC NMR, 90.57 MHz (CDa- 
OD) 173.4,173.3,173.1,172.2,171.9,172.0,171.7,86.4,85.6,82.0, 
79.9, 79.6, 79.5, 74.3, 71.6, 71.3, 71.2, 70.9, 70.4, 69.9, 66.1, 65.8, 
65.3, 62.9, 42.9, 42.5, 41.1, 39.5, 38.6, 37.7, 37.5, 29.4, 28.9; MS 
(LSIMS, glycerol) 1108 (M - wall). 

(GTrg2P)dTet. From (Trg$)lTet (56.1 mg, 21.9 pmol), as 
a clear oil (19.5 mg, 5.8 pmol, 26%): W NMR, 90.57 MHz (CDs- 
OD) 173.4, 173.2, 173.1, 173.0, 172.2, 172.1, 172.0, 171.9, 171.1, 
86.4, 85.6, 82.0, 81.9, 79.9, 79.6, 79.5, 74.3, 71.3, 71.2, 70.5,70.3, 
71.6, 70.0, 66.0, 65.8, 65.3, 62.8, 42.9, 42.6, 41.1, 39.5, 38.6, 37.7, 
37.5, 29.5, 29.4, 29.0; MS (LSIMS, glycerol) 1953 (M - 2wa.U). 

(GTrg8)eHex. From (Trg@)gHex (17.0 mg, 4.5 pmol), as 
a clear oil (4.5 mg, 915 nmol, 20% ): lSC NMR, 90.57 MHz (CDs- 
OD) 173.4,173.2,172.2,172.1, 172.0,170.9,86.4,85.6,82.0,81.9, 
80.5, 79.6, 79.5, 74.3, 71.3, 71.2, 71.6, 70.0, 66.1,66.0, 65.8,62.8, 
42.9, 42.6, 41.1, 38.6, 37.7, 37.6, 29.8, 29.1. 

(GSQ),Di. From (63)tDi (26.7 mg, 21.5 pmol), as a clear oil 
(5.6 mg, 3.4 pmol, 16% 1: lBC NMR, 90.57 MHz (CDaOD) 173.0, 
172.0,171.1,86.4,85.8,82.1,82.0,80.7,79.6,79.5,74.3,71.8,71.7, 
71.6,66.5,66.0,65.0, 62.9,43.0,42.9,41.1, 38.7, 37.7, 37.5,29.5, 
29.2,27.7, 23.2; MS (LSIMS, thioglycerol) 1629 (M + H), 1318, 
1016 (M - wall). 

(GS8)rTet. From (53)4Tet (73.9 mg, 33.4 pmol), as a clear 
oil (4.0 mg, 1.3 pmol,4%): 1*C NMR, 90.57 MHz (CDsOD) 173.5, 
173.4, 172.2, 172.1, 172.0, 171.2, 86.5, 85.7, 82.1,82.0,80.1,79.8, 
79.7, 74.5, 71.4, 71.3, 70.8, 70.4, 66.3, 66.2, 65.8, 65.4, 62.9,43.0, 

(CDsOD) 173.5,173.3,173.1,172.2,172.1,171.0,86.5,85.8,81.9, 

(CDsOD) 173.5, 173.4, 172.1, 172.2, 170.6,86.5, 85.8,81.9, 79.6, 
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25.7,25.6; MS (LSIMS, thioglycerol) 2915 (M + H), 2937,2959, 
2981 (M + nNa), 2824 (M - head), 2846,2868,2890 (M + nNa 
- head). 
(ASTrgPhTet. From (8TrgP)rTet (80.9 mg, 31.6 pmol), 88 

a yellow oil (19.2 mg, 6.5 pmol, 21 % 1: lac NMR, 90.57 MHz (6, 
CDCb) 173.3,171.0,170.5,169.2,79.0,71.3,70.2,70.5,68.8,65.5, 
65.4,64.9,64.6, 64.0,63.7,42.2,41.6,41.5, 36.3, 35.9, 33.7,33.0, 
28.6,28.5,28.3, 28.0,27.9,25.4,25.3; MS (LSIMS, thioglycerol) 
2953,2997,3015 (M + nNa), 2840 (M - head), 2862,2884,2906 
(M + nNa - head). 
(A8TrgP)eHex. From (8TrgPkHex (48.0 mg, 12.9 pmol), as 

a yellow oil (12.1 mg, 2.8 Nmol,22%): lSC NMR, 90.57 MHz (6, 
CDCb) 171.9, 171.4, 171.2, 170.4, 169.0, 169.0, 79.9, 70.4, 70.3, 

69.3,68.9, 65.6,65.4, 64.9,64.7,64.4,64.0, 63.6, 42.3, 41.7,36.3, 
35.9,33.6,28.3,28.1,27.9, 25.6,25.3; MS (LSIMS, thioglycerol) 
4173 (M - head), 4145 (M + Na - head). 

Acknowledgment. The ongoing support of the Natural 
Sciences and Engineering Research Council of Canada is 
gratefully acknowledged. Acknowledgment is also made 
to the donors of the Petroleum Research Fund, admin- 
istered by the American Chemical Society, for the partial 
support of this project in the form of seed funding. 

Appendix. List of Compound Name Abbreviations 
Acyclic Compounds 

5,14-dioxa-4,15-dioxooctadeca-2,16-diene-1,18-dicarboxylic acid 
5,11-dioxa-4,l2-dioxopentadeca-2,13-diene-l,l5-dicarboxylic acid 
NJV'-bis(3-hydroxypropyl)urea 
1,3-bis(chloroacetamido) benzene 

Macrocyclic Dienes 
1,6,15,20-tetraoxa-2,5,16,19-tetraox~cl~tacosa-3,17-diene 
1,6,9,12,15,20-hexaoxa-2,5,16,19-tetraoxocycl~~cosa-3,l7-diene 
1,6,9,12,15,20,23,24-octaoxa-2,5,16,19-tetraoxocycl~~cosa-3,l7-diene (Trg2) 
1,6,12,17-tetraoxa-2,5,13,1~tetraox~c1odicosa-3,14-diene 
1,6,19,24-tetraoxa-2,5,20,23-tetraoxocyclohexatriconta-3,2l-diene (122) 
10,12,25,27-tetra1,6,16,21-tetraoxa-2,5,11,17,20,26-hexaox~c1otricosa-3,18-diene 
10,12-diaza-1,6,16,21-tetraoxa-2,5,11,17,20-pentaoxocyc1ononac~a-3,18-diene 
2,27-diaza-5,10,19,24-tetraoxa-6,9,20,23-tetraoxobicyclo[26.3.l]dot~aconta-l,7,2l,28,3O-~ntaene 

3-(4-hydroxy-l-thiabutyl)-1,6,15,20-tetraoxa-2,5,16,19-tetraoxocycl~tacos-l7-ene 
3- [4-(methylaulfonyl)-l-thiabutyl]-1,6,15,20-tetraoxa-2,5,16,19-tetraoxocycl~tac~-17-ene 
3-(4-iodo-l-thiabutyl)-1,6,15,20-tetraoxa-2,5,16,19-tetraoxocycl~ctac~-l7-ene 
3- and 4-(4hydroxy-l-thiabutyl)-l,6,9,12,15,20-hexaoxa-2,5,16,19-tetraoxocycl~tacos-l7-ene 
3- and 4-(4-methylaulfony1-1-thiabuty1)-1,6,9,12,15,20-hexaoxa-2,5,16,19-tetraox~c1~tacos-17-ene 
3- and 4-(4-iodo-l-thiabutyl)-1,6,9,12,15,20-hexaoxa-2,6,16,19-tetraoxocyclooctacos-l7-ene 
3-(4-hydroxy-1-thiabuty1)-1,6,9,12,15,20,23,24-~taoxa-2,5,16,19-tetraoxocyc1~co~-3,17-ene 
3-(4-methyleulfony1-1-thiabuty1)-1,6,9,12,15,20,23,24-oc~oxa-2,5,16,19-tetraoxocyc1~ctacos-17-ene 
3-(4-iodo-l-thiabutyl)-1,6,9,12,15,20,23,24-octaoxa-2,5,16,19-tetraoxocyclooctacos-17-ene 
3-(4-hydroxy-l-thiabutyl)-1,6,12,17-tetraoxa-2,5,13,16-tetraoxocyclodicos-14-ene 
3-(4-methyleulfonyl-l-thiabutyl)-1,6,12,17-tetraoxa-2,5,13,16-tetraoxocyclodicos-l4-ene 
3-(4-iodo-l-thiabutyl)-l,6,12,17-tetraoxa-2,5,13,16-tetraoxocyclodicos-14-ene 
3-(4-hydroxy-l-thiabutyl)-1,6,l9,24-tetraoxa-2,5,2O,23-tetra~xocyclohexatricont-2l-ene 
3-(4-methyleulfonyl-l-thiabutyl)-1,6,19,24-tetraoxa-2,5,20,23-tetraoxocyclohexatricont-2l-ene 
3-(4-iodo-l-thiabutyl)-1,6,19,24-tetraoxa-2,5,20,23-tetraoxocyclohexatricon~2l-ene 

Wall Plus Core (Crown Ether Ester Polyenes) 
bis[[3-(1,6,15,20-tetraoxa-2,5,16,19-tetraoxocyclooctacos-l7-enyl)l-4thiabutyl] (2R,3R)-1,4,7,10,13,16- 

tetraki~[[3-(1,6,15,20-tetraoxa-2,5,16,19-tetraoxocycl~ctacos-17-enyl)l-4-thiabuty11 (2R,3R,llR,12R)- 

hexakis[[3-(1,6,15,20-tetraoxa-2,5,16,19-tetraoxocyclooctacos-l7-enyl)l-4-thiabutyll (2R,3R,8R,9R,14R,15R)- 

bis[[3- and 4-(1,6,9,12,15,20-hexaoxa-2,5,16,19-tetraoxocycl~tacos-l7-enyl)l-4-thiabutyl] (2R,3R)-1,4,7,10,13,16- 

bis[[3- and 4-(1,6,9,12,20-hexaoxa-~,5,16,19-tetraoxocyclooctacos-l7-enyl)l-4-thiabutyl] (2R,3S)-1,4,7,10,13,16- 

tetrakis[[3- and 4-(1,6,9,12,15,20-hexaoxa-2,5,16,19-~traoxocyc1~tacos-17-eny1)]-4-thiabuty1] (2R,3R,llR,12R)- 

tetrakis[[3- and 4-(1,6,9,12,15,20-hexaoxa-2,5,16,19-tetraoxocycl~ctacos-l7-enyl)]-4thiabutyl] (2R,3S,llR,12S)- 

hexakis[[3- and 4-(1,6,9,12,15,20-hexaoxa-2,5,16,19-tetraoxocyclooctacos-l7-enyl)l-4-thiabutyll (2R,3R,8R,9R,14R,15R)- 

bis[[3-(1,6,9,12,15,20,23,24-odaoxa-2,5,16,19-tetraoxocyc1ooc~cos-17-eny1)1-4-thiabuty1] (2R,3R)-1,4,7,10,13,16- 

tetrakis~[3-(1,6,9,12,15,20,23,24-odaoxa-2,5,16,19-tetraoxocyclooctacos-l7-enyl)l-4-thiabutyll (2R,3R,llR,12R)- 

hexaki~~~3-(1,6,9,12,15,20,23,24-odaoxa-2,5,16,19-tetraoxocycl~cos-17-enyl)l-4-thiabutyll (2R,3R,8R,9R,14R,lSR)- 

bis~~3-(1,6,12,17-tetraoxa-2,5,13,16-tetraoxocyclodicos-14-enyl)-4-thiabutyl) (2R,3R)-1,4,7,10,13,16-hexaoxacyclo- 

tetraki~~[3-(1,6,12,17-tetraoxa-2,5,13,16-tetraoxocyclodicos-14-enyl)~-4-thiabutyll (2R,3R,llR,12R)-1,4,7,10,13,16- 

bi~~~3-~1,6,19,24tetraoxa-2,5,20,23-tetraoxocyclohexatricont-2l-enyl)l-4-thiabutyll (2R,3R)-1,4,7,10,13,16- 

tetraki~t~3-(1,6,19,24-tetraoxa-2,5,20,23-tetraoxocyclohexatricont-2l-enyl)l-4-thiabutyll (2R,3R,llR,12R)- 

Wall Unite 

hexaoxacyclooctadecane-2,3-dicarboxylate 

1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,ll,l2-tetrac~boxylate 

1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,8,9,14,15-hexacarboxylate 

hexaoxacyclooctadecane-2,3-dicarboxylate 

hexaoxacyclooctadecane-2,3-dicarboxylate 

1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,11,12-tetracarboxylate 

1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,11,12-tetracarboxylate 

1,4,7,10,13,16-hexaoxacycloodadecane-2,3,8,9,14,15-hexac~boxylate 

hexaoxacyclooctadecane-2,3-dicarboxylate 

1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,11,12-tetrac~boxylate 

1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,8,9,14,15-hexacarboxylate 

octadecane-2,3-dicarboxylate 

hexaoxacycloctadecane-2,3,11,12-tetracarboxylate 

hexaoxacyclooctadecane-2,3-dicarboxylate 

1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,11,12-tetrac~boxylate 
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bie 113- 17- and/or 18- Ce-Pglucopyranoeylthio~-l,6,15,2O-tetraoxa-2,5,16,l~tetraoxocyclooctacoeylll-4-thiabutyll 

(2R,3R)-1,4,7,10,13,16-hexaoxacyclooctadecane-2,3-dicarboxylate 
tetrakis[ [3-[17- and/or 1&(~-~-glucopyranosylthio)-l,6,15,20-tetraoxa-2,5,16,19-tetraoxocyclooctacoeyl]]-4thiabutyl] 

(2R,3R,11R,12R)-1,4,7,10,13,16-hexaoxacyc1ooctadecane-2,3,11,12-tetracarboxylate 
hexakb[[3-[17- and/or l&(~-~glucopyranosylthio)-1,6,15,~~traoxa-2,5,16,19-tetraoxocycl~coeyl]]-4thiabutyl] 
(2R,3R,8R,9R,14R,15R)-1,4,7,10,13,16-hexao~cyclooctadecane-2,3,8,9,14,15-hexacarboxylate 

bie[[3- and/or 4(17- and/or l&Ce-~-glucopyranosylthio)-1,6,9,12,20-hexaoxa-2,5,16,19-tetraoxocycl~~ylll-4 
thiabutyl] (2R,3R)-1,4,7,10,13,l6-hexaoxacyclooctadecane-2,3-dicarboxylate 

bier [a- and/or 44 17- and/or 1&~-~-g1ucopyranosy1thio)-1,6,9,12,15,20-hexaoxa-2,5,16,19-tetraoxocy~oocta~y111-4 
thiabutyl] (2R,3S)-1,4,7,10,13,16-hexaoxacyclooctadecane-2,3-dicarboxy~te 

tetrakis[ [3- and/or 4 117- and/or l8-(g~-glucopyranoeyltio)-1,6,9,12,15,20-hexaoxa-2,5,l6,19-tetraoxocyclooctacoeylll- 
4-thiabutyl] (2R,3R,llR,12R)-1,4,7,lO,l3,16-he~oxacycl~~decan~2,3,ll,l2-tetracarboxylate 

tetrakis[ [3- and/or 4[17- and/or l8-(~-~-glucopyranoeyltio)-l,6,9,12,15,20-hexao~-2,5,l6,l9-tetraoxocycloocta~y~l]- 
4thiabutyll (2R,SR,11R,12S)-1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,11,12-tetracarboxylate 

hex&[ [3- and/or 4- [17- and/or l&(~-~glucopyran~ylthio~-l,6,9,l2,15,20-hexaoxa-2,5,l6,l9-tetraoxocyclooctacoeylll- 
4-thiabutyl] (2R,3R,8R,9R,14R,15R)-1,4,7,10,13,l6-hexaoxacycl~~decaue-2,3,8,9,l4,lbhexacarboxyla~ 

bis[ 13-117- and/or l&(~-~-glucopyranosylthio)-l,6,9,12,15,20,23,240ctaoxa-2,5,l6,19-tetraoxocyclooctacoeylll-4- 
thiabutyll (2R,3R)-1,4,7,10,13,16-hexaoxacyclooctadecaue-2,3-dicarboxylate 

hexakie[ [3- [ 17- and/or l&~-~-glucopyranosylthio)-l,6,9,12,15,2O,23,24-0ctaoxa-2,5,l6,l9-tetraox~cloocta~y~]]-~ 
thiabutyl] (2R,3R,8R,9R,14R,15R)-1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,8,9,14,lbhe~carboxyla~ 

bie [ [3- [ 14- and/or 1b(~-~-glucopyranoeylthio)-1,6,12,17-tetraoxa-2,5,13,l6-tetraoxocyclodicyll I-4thiabutyll (2R,3R)- 
1,4,7,10,13,16-hexaoxacyclooctadecane-2,3-dicarboxylate 

tetrakis[ [3- [ 14- and/or 15-(~-~glucopyran~ylthio)-l,6,12,17-tetraoxa-2,5,13,16-tetraoxocyclodicosyl]]-4-thiabutyl] 
(2R,3R,11R,12R)-1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,11,12-tetracarboxylate 

bis[ [3- [ 21- and/or 22-(~-~glucopyranosylthio)-l,6,19,24tetraoxa-2,5,20,23-tetraoxocyclohexa~~ntyll I-4-thiabutyl] 
(2R,3R)-1,4,7,10,13,16-hexaoxacyclooctadecane-2,3-dicar~xylate 

tetrakis[ [3-[21- and/or 22-(~-~glucopyranosylthio)-1,6,19,24tetraoxa-2,5,20,23-te~aoxocyclohexa~contyl]] -4 
thiabutyl] (2R,3R,1lR,12R)-1,4,7,10,13,16-hexaoxacyclooctadecane-2,3,11,12-tetracarboxylate 

tetrakid [3- [17- and/or 1&(4-hydroxy-l-thiabutyl~-l,6,15,20-tetraoxa-2,5,l6,l9-tetraoxocyclooctac~ylll-4thiabutyll 
( 2 R , 3 R , l l R , 1 2 R ) - 1 , 4 , 7 , 1 O , 1 3 , 1 6 - h e x a o x a C y  

tetrakis[ [3- and/or 4 [17- and/or l&(4hydroxy-l-thiabutyl~-l,6,9,12,15,20-he~oxa-2,5,16,l9-tetraoxocycloocta~ylll- 
4-thiabutyl)] (2R,3R,llR,12R)-1,4,7,lO,l3,16-hexaoxacyclooctadecane-2,3,ll,l2-tetracarboxylate 

hedie[ [3- and/or 44 17- and/or 18-(4hydroxy-l-thiabutyl)-1,6,9,12,15,20-hexaoxa-2,5,l6,l9-tetraoxocyclooctacoeyl]]- 
4-thiabutyl] (2R,3R,8R,9R,14R,15R)-1,4,7,10,13,1&hexaoxacyc1ooctadecan~2,3,8,9,14,1bhexacarboxylate 

tetrakis[ [3-[17- and/or 1&( l-thio-2-car~xyethyl)-l,6,15,20-tetraoxa-2,5,l6,19-tetraoxocyclooctacoeylll-4thiabutyl] 
(2R,3R,11R,12R)-1,4,7,10,13,16-hexao~cyclooctad~e-2,3,11,12-tetracarboxylate 

tetrakii[[3- and/or 4(17- and/or l8-(l-thio-2-carboxye~yl~-l,6,9,12,15,20-hexaox2,5,l6,letetraoxocyclooctacoeylll- 
4-thiabutyl] (2R,3R,1lR,12R)-1,4,7,10,13,16-hexaoxacyc1ooctadecane-2,3,11,12-tetracarboxylate 

hedie[ [3- and/or 4-[17- and/or 18-(1-thia-2-carboxye~yl~-l,6,9,12,15,20-hexaoxa-2,5,16,19-tetraoxocyclooctac~ylll-4 
thiabutyl] (2R,3R,8R,9R,14R,15R)-1,4,7,lO,l3,l6-hexao~cyclooctadecan~2,3,8,9,l4,lbhexacarboxylate 


