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General Procedures

GC-MS spectra were recorded on a Hewlett-Packard HP 6890 Series GC system and mass selective
detector.  1H NMR spectra were recorded on a Varian Mercury (400 MHz). Proton NMR splitting
patterns are designated as singlet (s), doublet (d), triplet (t), quartet (q), quintet (quin), sextet(sex),
septet (sept), multiplet (m), and broad (br).  All moisture-sensitive reactions were performed in oven
dried glassware under a positive pressure of nitrogen unless otherwise noted. "Concentrated" refers to
the removal of volatile solvents via distillation using a Buchi rotary evaporator at water aspirator
pressure, followed by residual solvent removal at high vacuum when necessary. "Dried" refers to
pouring onto, or passing through, anhydrous sodium sulfate or magnesium sulfate followed by filtration.
Analytical thin layer chromatography (TLC) was carried out on Merck TLC plates precoated with silia
gel 60 (0.25 mm layer thickness). Visualization was accomplished using UV light and/or an iodine
chamber. Flash column chromatography (FCC) was performed on silica gel 60 (230-400 mesh).
Solvent mixtures for TLC and FCC are reported in v1:v2 ratios. Immediately prior to use, diethyl ether
(Et2O) and tetrahydrofuran (THF) were distilled from sodium benzophenone ketyl, and hexanes were
distilled from calcium hydride. All other reagents were used as supplied, assuming reagent purity
designated by supplier.

Synthetic Procedures

8,11,14,17-Tetraoxa-2,4-dithia-spiro[5.12]octadecane (5).  A solution of 5,5-di(hydroxymethyl)-
1,3-dithiane 4 (0.40 g, 2.2 mmol) in 40 ml DMF was stirred under a nitrogen atmosphere.  This solution

was treated with hexane-washed NaH (0.21 g, 8.8 mmol).  After 15 minutes of stirring,
tri(ethylene glycol) di-p-tosylate (0.96 g, 2.1 mmol) was added and allowed to stir at
room temperature (r.t.) overnight.  The resulting mixture was carefully treated with
NH4Cl and then extracted into ether.  The ethereal layer was washed 4x with NH4Cl
and 2x with water to remove all DMF, dried, and then concentrated.  FCC (1:1 ethyl
acetate: hexanes) gave 0.54 g yellow oil (88%).  1H NMR (CDCl3, 400 Hz) 3.64-3.72
(m, 18H), 2.72 (s, 4H);  MS (EI) m/z (relative intensity) 294 (M+, 30), 144 (60), 98
(100), 85 (60).

8,11,14,17,20-Pentaoxa-2,4-dithia-spiro[5.15]heneicosane (6).  A solution of 5,5-
di(hydroxymethyl)-1,3-dithiane 4 (0.41 g, 2.3 mmol) in 40 ml DMF was stirred under a nitrogen

atmosphere.  This solution was treated with hexane-washed NaH (0.22 g, 9.2
mmol).  After 15 minutes of stirring, tetra(ethylene glycol) di-p-tosylate (1.09 g, 2.2
mmol) was added and allowed to stir at r.t. overnight.  The resulting mixture was
carefully treated with NH4Cl and then extracted into ether.  The ethereal layer was
washed 4x with NH4Cl and 2x with water to remove all DMF, dried, and then
concentrated.  FCC (1:1 ethyl acetate: hexanes) gave 0.70 g yellow oil (95%).  1H
NMR (CDCl3, 400 Hz) 3.64-3.69 (m, 22H), 2.76 (s, 4H); MS (EI) m/z (relative
intensity) 338 (M+, 40), 195 (30), 144 (80), 98 (95), 85 (100).
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8,11,14,17,20,23-Hexaoxa-2,4-dithia-spiro[5.18]tetracosane (7).  A solution
of 5,5-di(hydroxymethyl)-1,3-dithiane 4 (0.41 g, 2.3 mmol) in 40 ml DMF was
stirred under a nitrogen atmosphere.  This solution was treated with hexane-
washed NaH (0.22 g, 9.2 mmol).  After 15 minutes of stirring, penta(ethylene
glycol) di-p-tosylate (1.18 g, 2.2 mmol) was added and allowed to stir at r.t.
overnight.  The resulting mixture was carefully treated with NH4Cl and then
extracted into ether.  The ethereal layer was washed 4x with NH4Cl and 2x with
water to remove all DMF, dried, and then concentrated.  FCC (1:1 ethyl acetate:
hexanes) gave 0.72 g clear oil (87%).  1H NMR (CDCl3, 400 Hz) 3.61-3.69 (m,
26H), 2.76 (s, 4H); MS (EI) m/z (relative intensity) 382 (M+, 10), 239 (20), 144
(50), 99 (80), 85 (100).

{3-[Hydroxy-(8,11,14,17-tetraoxa-2,4-dithia-spiro[5.12]octadec-3-yl)-methyl]-phenyl}-(8,11,14,17-
tetraoxa-2,4-dithia-spiro[5.12]octadec-3-yl)-methanol (8).  A solution of 5 (0.130 g, 0.44 mmol) in 10
ml freshly distilled THF was cooled to -20oC and 1.6 M n-butyllithium (0.41 ml, 0.66 mmol) was added
while stirring under a N2 atmosphere.  The reaction mixture was stirred at this temperature for 2 hours,
after which the reaction was further cooled to -78oC, and isophthalaldehyde (0.030 g, 0.22 mmol) in 2

ml THF was added via syringe.  The resulting
mixture was allowed to slowly warm to r.t. over a
period of 2 hours, then stirred overnight.  The
resulting yellow solution was washed 2x with 10 ml
sat. NH4Cl, extracted into ether, dried and
concentrated.  FCC (1:50 MeOH:CHCl3) gave
0.150 g clear oil (94%).  1H NMR (CD3CN, 400 Hz)
7.41 (b, 1H),  7.30 (d, J = 1.2 Hz, 3H), 4.82 (m,
2H), 4.16 (dd, J1 = 1.6 Hz, J2 = 6.8 Hz, 2H), 3.53-
3.62 (m, 32H), 3.44 (s, 2H), 2.70-2.78 (m, 4H),
2.52-2.58 (m, 4H).

{3-[Hydroxy-(8,11,14,17,20-pentaoxa-2,4-dithia-spiro[5.15]heneicos-3-yl)-methyl]-phenyl}-
(8,11,14,17,20-pentaoxa-2,4-dithia-spiro[5.15]heneicos-3-yl)-methanol (9). A solution of 6 (0.61 g,
1.8 mmol) in 25 ml freshly distilled THF was cooled to -20oC and 1.6 M n-butyllithium (1.7 ml, 2.7 mmol)
was added while stirring under a N2 atmosphere.  The reaction mixture was stirred at this temperature

for 2 hours, after which the reaction was
further cooled to -78oC, and
isophthalaldehyde (0.12 g, 0.9 mmol) in 3 ml
THF was added via syringe.  The resulting
mixture was allowed to slowly warm to r.t.
over a period of 2 hours, then stirred
overnight.  The resulting yellow solution was
washed 2x with 25 ml sat. NH4Cl, extracted
into ether, dried and concentrated.  FCC (1:50
MeOH:CHCl3) gave 0.60 g clear oil (82%).  1H
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NMR (CDCl3, 400 Hz) 7.47 (b, 1H),  7.37 (b, 3H), 4.89 (m, 2H), 4.20 (m, 2H), 3.60-3.69 (b, 42H), 2.75-
2.87 (m, 4H), 2.59-2.63 (m, 4H).

(8,11,14,17,20,23-Hexaoxa-2,4-dithia-spiro[5.18]tetracos-3-yl)-{3-[(8,11,14,17,20,23-hexaoxa-2,4-
dithia-spiro[5.18]tetracos-3-yl)-hydroxy-methyl]-phenyl}-methanol (10).  A solution of 7 (1.11 g, 2.9
mmol) in 40 ml freshly distilled THF was cooled to -20oC and 1.6 M n-butyllithium (3.6 ml, 5.8 mmol)
was added while stirring under a N2 atmosphere.  The reaction mixture was stirred at this temperature
for 2 hours, after which the reaction was further cooled to -78oC, and isophthalaldehyde (0.18 g, 1.34

mmol) in 5 ml THF was added via
syringe.  The resulting mixture was
allowed to slowly warm to r.t. over a
period of 2 hours, then stirred overnight.
The resulting yellow solution was washed
2x with 50 ml sat. NH4Cl, extracted into
ether, dried and concentrated.  FCC
(1:50 MeOH:CHCl3) gave 1.01 g clear oil
(84%).  1H NMR (CDCl3, 400 Hz) 7.46 (b,
1H),  7.37 (b, 3H), 4.88 (m, 2H), 3.99 (m,
2H), 3.61-3.68 (b, 48H), 2.47 (b, 2H),
2.75-2.84 (m, 4H), 2.57-2.63 (m, 4H).

Transport Experiments.  Performed in a conventional U-tube (i.d. = 15 mm) made of Pyrex glass.
The donor solutions were prepared the following way: 1 mmol K2HPO4

. 3H2O was mixed with 0.1 mmol
methyl viologen diiodide and brought to a final volume of 100 ml with deionized water.  The pH of the
solution was 8.  The receiving solutions were prepared by adding1 mmol K2HPO4

. 3H2O and diluting to
100 ml with deionized water, yielding a pH=8 solution.  The nitrogen bubbled ionophoric solutions (12
ml CHCl3) ranged from 3-18 mM.  Both the donor and receiving solutions (4 ml) were carefully
overlayered on the denser ionophoric solution and magnetically stirred in a room temperature water
bath.  The amounts of migrated methyl viologen were determined photometrically at 256 nm in a 1-cm
quartz cell with a Beckman DU-640 UV/Vis spectrophotometer.
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Computational details.  The initial geometry of the complex of 10 and viologen was generated with
CambrigeSoft Chem3D and further optimized using Gaussian 98 package at PM3 (semi-empirical) level
of theory.

PM3 optimized geometry (XYZ Cartesian coordinates):

C  2.203012 6.973825 -0.170558
C  1.857039 5.701906 -0.630819
C  1.034377 4.894074 0.151200
C  0.579442 5.335123 1.392895
C  0.920260 6.610612 1.841331
C  1.728654 7.426180 1.055331
C  2.315290 5.188997 -1.979152
C  -0.238009 4.413279 2.280223
O  2.665609 6.200076 -2.887856
O  0.616219 3.447535 2.870903
C  -1.336031 3.690077 1.459047
S  -2.862028 4.693698 1.608888
C  -4.015460 3.828196 0.498315
C  -4.267120 2.330561 0.738923
C  -2.942870 1.559425 0.687636
S  -1.660597 1.941822 1.924045
C  -4.982116 2.126666 2.100845
O  -5.172430 0.727808 2.290999
O  -4.554713 1.525039 -1.577135
C  -5.245252 1.828588 -0.365593
O  -5.902090 -0.355521 -3.432041
C  -6.427342 0.922228 -3.091077
C  -5.247039 1.850510 -2.769826
C  -5.842744 0.372968 3.489048
C  -7.068082 -0.491106 3.154863
O  -6.597995 -1.743991 2.666046
C  -7.550840 -2.785986 2.668121
C  -6.757319 -1.171384 -4.208374
C  3.461721 4.137383 -1.888188
S  4.655546 4.456200 -0.540667
C  5.799275 3.054586 -0.761685
C  5.199319 1.645998 -0.610626
C  4.173290 1.383197 -1.723322
S  2.703009 2.464083 -1.783216
C  6.334857 0.593185 -0.723877
O  7.030323 0.790930 -1.945484
O  4.271037 0.180494 1.143363
C  4.545324 1.533184 0.791627
O  3.363431 -2.061141 3.037935
C  3.769079 -0.735715 3.329982
C  4.859235 -0.225494 2.374991
C  8.103271 -0.097948 -2.174694
C  7.661093 -1.409096 -2.845451
O  7.212837 -2.385381 -1.927763
C  8.237358 -3.135300 -1.285450
C  4.068249 -3.084960 3.715876
C  5.339228 -3.540770 2.982669
C  7.843576 -4.620348 -1.300830
C  -7.834294 -1.908146 -3.400597
C  -8.568357 -2.716550 1.520904
O  4.953568 -4.350085 1.873877
O  6.745314 -4.917397 -0.463542

O  -7.209747 -2.985119 -2.707927
O  -7.925601 -3.144668 0.322119
C  7.080189 -5.140546 0.900451
C  5.778227 -5.478496 1.637865
C  -8.106470 -3.805150 -1.984803
C  -8.793400 -3.097162 -0.807433
H  2.849511 7.618952 -0.784642
H  0.734385 3.894930 -0.206281
H  0.550692 6.974720 2.807857
H  1.994408 8.430396 1.405208
H  1.452620 4.708442 -2.506066
H  -0.731799 5.000280 3.099945
H  3.190071 6.847686 -2.424130
H  1.310956 3.936406 3.292488
H  -1.004557 3.666556 0.387170
H  -4.963883 4.394300 0.604310
H  -3.690303 3.967440 -0.551407
H  -2.494370 1.667529 -0.321138
H  -3.140348 0.479473 0.830440
H  -5.959059 2.649290 2.101999
H  -4.362523 2.541687 2.922323
H  -5.736702 0.878476 -0.058556
H  -6.047486 2.577551 -0.522944
H  -7.014403 1.352090 -3.926690
H  -7.108129 0.808181 -2.224627
H  -5.590906 2.902812 -2.745986
H  -4.434081 1.766213 -3.513686
H  -5.095018 -0.186437 4.080674
H  -6.161161 1.249817 4.085629
H  -7.702939 -0.018073 2.380961
H  -7.685925 -0.627537 4.064167
H  -6.900441 -3.676195 2.591872
H  -8.089777 -2.835277 3.634814
H  -7.235661 -0.590265 -5.021300
H  -6.033350 -1.870494 -4.665050
H  4.029717 4.171709 -2.850923
H  6.299878 3.142428 -1.746745
H  6.592584 3.213735 -0.003650
H  4.684857 1.415531 -2.705835
H  3.765764 0.358634 -1.618276
H  5.912218 -0.438595 -0.691743
H  7.032971 0.695294 0.130951
H  3.561343 2.044466 0.796022
H  5.191120 2.005595 1.562844
H  2.825070 -0.171938 3.217819
H  4.107410 -0.632952 4.379673
H  5.584070 -1.025162 2.109845
H  5.421569 0.614535 2.833257
H  8.694016 -0.285876 -1.256963
H  8.722197 0.496739 -2.870443
H  8.476605 -1.798970 -3.485279
H  6.767068 -1.268250 -3.478676

H  9.223415 -3.009060 -1.774262
H  8.320838 -2.737611 -0.256593
H  4.320716 -2.784292 4.751883
H  3.310882 -3.887605 3.766776
H  5.911460 -2.678239 2.576843
H  6.000449 -4.087545 3.682798
H  8.723856 -5.246374 -1.056942
H  7.460046 -4.933191 -2.288528
H  -8.609246 -2.301616 -4.087026
H  -8.342670 -1.254226 -2.658465
H  -8.970189 -1.692497 1.388118
H  -9.422464 -3.387729 1.737711
H  7.573288 -4.246663 1.331245
H  7.789888 -5.987088 0.979966
H  5.108397 -6.118133 1.035365
H  6.004531 -6.010085 2.582774
H  -8.873011 -4.226829 -2.663928
H  -7.442537 -4.626879 -1.663287
H  -9.752611 -3.597371 -0.572002
H  -9.012524 -2.035813 -1.062213
C  0.076229 -2.482864 -0.535194
C  0.708679 -3.623874 -1.041203
C  2.097013 -3.701591 -1.033344
N  2.852428 -2.672811 -0.520195
C  2.243998 -1.559137 -0.002636
C  0.854115 -1.447943 -0.008120
C  -1.387611 -2.355933 -0.555986
C  -1.975236 -1.251686 -1.180761
C  -3.353871 -1.075073 -1.120302
N  -4.142944 -1.983576 -0.458649
C  -3.585974 -3.097599 0.116701
C  4.319688 -2.779311 -0.521167
C  -2.207579 -3.298703 0.072358
C  -5.573757 -1.688024 -0.324242
H  0.123507 -4.458364 -1.451397
H  2.620373 -4.588601 -1.433295
H  2.891597 -0.750422 0.454904
H  0.390238 -0.540376 0.411323
H  -1.363316 -0.498507 -1.697699
H  -3.849103 -0.151296 -1.561255
H  -4.253356 -3.812429 0.631355
H  4.695118 -3.340312 -1.394174
H  4.677440 -3.326770 0.396078
H  4.817623 -1.785180 -0.528610
H  -1.778083 -4.189562 0.550947
H  -6.011486 -1.415689 -1.302969
H  -5.720616 -0.818541 0.352687
H  -6.205550 -2.524735 0.078028


