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Supporting I nfor mation

1. Synthesis of compounds Bn-En,m

1.1 General remarks

1,4-Dibromo-2,5-didodecyloxybenzene, 1,4-dibrom®-@ipctadecyloxybenzerB4-(4-
ethynylphenoxymethyl)-2,2-dimethyl-1,3-dioxolane  2),'4-triisopropylsilyloxybromobenzertd,
3,6,9,12,15,18,21-heptaoxadocopyteluenesulphonaté, 11,12-isopropylidenedioxy-3,6,9-
trioxadodecan-1-61 and Pd[PP§. were prepared according to the mentioned liteegpuocedures.
4-Bromophenylethynyltrimethylsilane, 4-iodopheniglgtyltrimethylsilane, ethynyltrimethylsilane,
p-toluenesulfonyl chloride and copper(l) iodide wewsed as obtained from Sigma-Aldrich.
Pyridinium-4-toluensulphonate was used as obtaiireed Merck. Conformation of the structures and
the purity of the compounds were obtained BiNMR spectroscopy*C-NMR spectroscopy
(Varian Gemini 2000 und Inova Unity 500) and mass speatomBruker HR-ESI-TOF). The
purity was also checked by thin-layer chromatogyaphLC, silica gel 60 bs4 Merck). Column
chromatography was performed with silica gel 6@§GB-0.2,Merck), flash-chromatography with
silica gel 60 (0.040-0.0634erck). Triethylamine was distilled from Caknd stored over molecular
sieve. DMF was stored over molecular sieve.

1.2 Synthesisof intermediates

4-[4-(4-Ethynylphenylethynyl)phenoxymethyl]-2,2-dimethyl-1,3-dioxolane 4a
Under an argon atmosphere a mixture of 4-bromogk#mnyltrimethylsilane (4.71 g, 22.3 mmol),
4-(4-ethynylphenoxymethyl)-2,2-dimethyl-1,3-dioxo&(5.18 g, 18.6 mmol), Pd[P#h(0.64 g, 1.1
mmol), copper(l) iodide (0.07 g, 0.74 mmol) ancethiylamine (50 ml) is stirred under reflux for
seven hours. After cooling, triethylamine is evaped under reduced pressure and the residue is
taken up in diethyl ether and water. The organyetdas separated and the water phase is extracted
two times with diethyl ether. The combined orgalsigers are washed with saturated solution of
sodium chloride, dried over sodium sulphate andperated under reduced pressure. The crude
product TMS4a is purified by flash-chromatography on silica ¢eluent: CHCJ). Yield: 3.2 g (43
%); white crystalline solid; mp. 110-112 °&4 NMR (400 MHz, CDC}) § = 7.45 — 7.38 (m, 6H,
Ar-H), 6.89 — 6.84 (m, 2H, AH), 4.53 — 4.40 (m, 1H, 1), 4.15 (ddJ = 8.5, 6.4 Hz, 1H, OB,),
4.05 (ddJ =9.5, 5.4 Hz, 1H, 8,0), 3.94 (ddJ = 9.6, 5.8 Hz, 1H, 8,0), 3.88 (dd,J = 8.5, 5.8 Hz,
1H, OH,), 1.44 (sJ = 23.5 Hz, 3H, El3), 1.38 (s, 3H, E3), 0.24 (s, 9H, Si(CH)3).
A suspension of TM3a (3.2 g, 7.9 mmol), potassium carbonate (5.33 ¢ 8¥mol), methanol (50
ml) and dichloromethane (25 ml) is stirred for teyurs at room temperature. The reaction mixture is
evaporated under reduced pressure and the residaleen up in diethyl ether and water. The organic
layer is separated and the water phase is extréwied with diethyl ether. The combined organic
layers are washed with a saturated solution ofusodchloride, dried over sodium sulphate and
evaporated under reduced pressure. The crude prisduged without further purification. Yield: 2.4
g (91.4 %); white crystalline solid; mp. 118-121; 8 NMR (400 MHz, CDCY) § = 7.46 — 7.41 (m,
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6H, Ar-H), 6.90 — 6.84 (m, 2H, AH), 4.52 — 4.41 (m, 1H, i), 4.15 (dd,J = 8.5, 6.4 Hz, 1H,
OCH,), 4.05 (dd,J = 9.5, 5.4 Hz, 1H, B,0), 3.95 (dd,J = 9.5, 5.8 Hz, 1H, 8,0), 3.89 (dd,] = 8.5,
5.8 Hz, 1H, OGl,), 3.14 (s, 1H, ECH), 1.45 (d,J = 0.5 Hz, 3H, CH), 1.39 (dJ = 0.5 Hz, 3H, Ch)

1,4-Bis{4-[4-(2,2-dimethyl-1,3-dioxolane-4-ylmethoxy)phenylethynyl]phenyl-ethynyl}-2,5-
didodecyloxybenzene 6a (n = 12)

Under an argon atmosphere a mixture 4 (660 mg (1.99 mmol), 1,4-dibromo-2,5-
didodecyloxybenzene (500 mg, 0.83 mmol), PdEPAR9 mg, 3 mol-%) and copper(l) iodide (3 mg,
2 mol-%) in triethylamine (30 ml) is stirred undeflux for ten hours. After cooling, triethylamiie
evaporated under reduced pressure and the residakein up in chloroform and water. The organic
layer is separated and the water layer is extragtedimes with chloroform. The combined organic
layers are washed with a saturated solution ofusodchloride, dried over sodium sulphate and
evaporated under reduced pressure. The crude gradparified by column chromatography on
silica gel (eluent: dichloromethane) and crystalliZrom dichloromethane/diethyl ether. Yield: 513
mg (55.8 %); light yellow crystalline solid, mp. 2854 °C:*H NMR (400 MHz, CDC}) § 7.51 —
7.40 (m, 12H, ArH), 6.99 (s, 2H, ArH), 6.92 — 6.84 (m, 4H, AH), 4.52 — 4.41 (m, 2H, i9), 4.16
(dd, J = 8.5, 6.4 Hz, 2H, OB,), 4.06 (dd,J = 9.6, 5.4 Hz, 2H, 8,0), 4.02 (t,J = 6.4 Hz, 4H,
OCH,CHy), 3.98 — 3.93 (m, 2H, Ig,0), 3.90 (ddJ = 8.5, 5.8 Hz, 2H, OB,), 1.87-1.80 (m, 4H,
OCH,CHy,), 1.57-1.49 (m, 4H, OC¥H,CH,), 1.45 (s, 6H, E3), 1.40 (s, 6H, €3), 1.40-1.20 (m,
32H, OCHCH,CH,(CH,)g), 0.87-0.84 (m, 6H, B3)

1,4-Bis{4-[4-(2,2-dimethyl-1,3-dioxolane-4-ylmethoxy)phenylethynyl]phenyl-ethynyl}-2,5-
dioctadecyloxybenzene 6a (n = 18)

Synthesized according to the procedures given abdwg starting from 1,4-dibromo-2,5-
dioctadecyloxybenzene (310 mg, 0.40 mmol), yiel@l:n®y (18.4 %), light yellow crystalline solid,
mp. 153-155 °C*H-NMR (CDChk, 400 MHz)& = 7.51-7.45 (m, 12H, AH), 7.01 (s, 2H, ArH),
6.90 (d,3J = 8.8 Hz, 4H, ArH), 4.52-4.46 (m, 2H, 0OB), 4.20-4.16 (m, 2H, 0B,), 4.10-4.02 (m,
6H, CH,O, OCH,CHy), 3.99-3.95 (m, 2H, B,0), 3.93-3.89 (m, 2H, O&,), 1.89-1.82 (m, 4H,
OCH,CH,), 1.63-1.50 (m, 4H, OCICH,CH,), 1.47 (s, 6H, E), 1.41 (s, 6H, E3), 1.41-1.25 (m,
56H, OCHCH,CH,(CH3)14), 0.89-0.86 (m, 6H, Bs)

4-Ethynylphenoxytriisopropylsilane 3

Synthesized according to the procedures given fdéa, but starting from 4-
triisopropylsilyloxybromobenzene (19.8 g, 0.06 mahd ethynyltrimethylsilane (7.3 g, 0.07 mol),
the crude product is purified by column chromatpgsaon silica gel (eluent: petrol ether), yield® 5.
g (36 %), colorless oitH NMR (400 MHz, CDCJ) 6 7.28 — 7.23 (m, 2H, AH), 6.73 — 6.68 (m, 2H,
Ar-H), 2.88 (s, 1H, €CH), 1.20 — 1.07 (m, 3H, Si¥), 1.02 — 0.93 (m, 18H, CH&)

4-(4-Ethynylphenylethynyl)phenoxytriisopropylsilane 4b

Under an argon atmosphere a mixture3df3.2 g, 11.7 mmol), 4-iodophenylethynyltrimethidsie
(3.5g, 11.7 mmol), Pd[PHEh (0.3g, 0.26 mmol), copper(l) iodide (0.03 g, Omhol) and
triethylamine (100 ml) is stirred at room temperatéor seven hours. Triethylamine is evaporated
under reduced pressure and the residue is takem digthyl ether and water. The organic layer is
separated and the water phase is extracted twa itk diethyl ether. The combined organic layers
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are washed with saturated solution of sodium ctMgrdried over sodium sulphate and evaporated
under reduced pressure. The crude 4-(4-triisopsigldxyphenylethynyl)trimethylsilyl-
ethynylbenzene (TM8b) is purified by column chromatography on silicd ¢guent: n-hexane).
Yield: 4.5 g (87 %), colorless oitH NMR (400 MHz, CDCJ) § 7.43 — 7.34 (m, 6H, AH), 6.89 —
6.75 (m, 2H, ArH), 1.33 — 1.17 (m, 3H, Si€), 1.17 — 1.04 (m, 18H, CH43), 0.23 (s, 9H, Si€5).
Desilylation of TMS4b (4.5 g, 10.1 mmol) was performed according to ghecedures given for
TMS-4a, using shorter reaction time (2 h); the crude pobds purified by column chromatography
on silica gel (eluentn-hexane), Yield: 1.3 g (34 %), colorless crystallisolid, mp. 35-38 °C'H
NMR (400 MHz, CDC}) 6 7.45 (s, 4H, AH), 7.42 — 7.36 (m, 2H, AH), 6.88 — 6.82 (m, 2H,
Ar-H), 3.16 (s, 1H, €CH), 1.33 - 1.20 (m, 3H, Si¥), 1.13 — 1.06 (m, 18H, CH&)

2,5-Didodecyloxy-1,4-big[4-(4-triisopr opylsilyloxyphenylethynyl)phenyl-ethynyl]benzene 6b
Synthesized according to the procedures givesdpbut starting fromib (650 mg, 1.74 mmol) and
1,4-dibromo-2,5-didodecyloxybenzene (437 mg, 0.7i2ahy; the crude product is purified by column
chromatography on silica gel (eluenthexane/CHG 3:1 > 2:1 V/V), Yield: 510 mg (59 %), light
yellow crystalline solid, mp. 97-100 °GH NMR (400 MHz, CDGC}) & 7.45 (s, 4H, AH), 7.42 —
7.36 (m, 2H, ArH), 6.88 — 6.82 (m, 2H, AH), 3.16 (s, 1H, €CH), 1.33 - 1.20 (m, 3H, Sig), 1.13
—1.06 (m, 18H, CH8,)

12-Bromo-3,6,9-trioxadodecane-1,2-diol

11,12-Isopropylidenedioxy-3,6,9-trioxadodecan-1(dl16 g, 4.64 mmol) and sodium hydroxide
(0.27 g, 6.96 mmol) are solved in a mixture of wated THF (5 ml/ 20ml) and cooled to O °C.
Afterwards, p-toluenesulfonyl chloride (1.00 g, 5.10 mmol), savin THF (10 ml), is added,
temperature must not exceed 5 °C, and the soligistirred at 0 °C for three hours. Subsequent, the
reaction mixture is poured into ice water (20 nijl a&xtracted three times with methylene chloride.
The combined organic layers are washed with wataturated solution of sodium hydrogen
carbonate and sodium chloride, dried over sodiulphstie and evaporated under reduced pressure.
The crude product (1.76 g, 4.35 mmol) and lithiuronbide (1.13 g, 13.0 mmol) are solved in
acetone (50 ml) and refluxed for five hours. Thepainsion is cooled to room temperature and the
solvent is evaporated under reduced pressure. &sidue is taken up in water and methylene
chloride and the phases are separated. The agpbags is extracted three times with methylene
chloride, the combined organic layers are driedr @aglium sulphate and the solvent is evaporated
under reduced pressure. The crude product is edrifiy column chromatography on silica gel
(eluent: CHCi:MeOH 9:1 V/V), Yield: 630 mg (46%), colorless diH-NMR (400 MHz, CDC}4,): &

= 3.86 (m, 1H, CHCHOHCH,), 3.80 (t,J = 6.3 Hz, 2 H, G,0CH,), 3.73 — 3.51 (m, 12 H,
OCH,CH-0), 3.47 (tJ = 6.3 Hz, 2H, BrEl,), 3.24 (s, 1 H, CkOH), 2.57 (s, 1 H, CLCHOHCH),),

MS: m/z [M+H+Na]" 311.10 (calc. 311.14)

2.3 Compounds Bn-En,m

B12: A mixture of6a with n = 12 (513 mg, 0.46 mmol), pyridinium-4-tolueneshdpate (23 mg,
0.46mmol), methanol (5 ml) and THF (40 ml) is &ifrat 60 °C for five days. The reaction is
monitored by TLC. After the reaction is finishedetsolvent is removed under reduced pressure and
the residue is taken up in a small amount of THfe Pyridinium-4-toluensulphonate is filtered off
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and the solution is evaporated under reduced mes3ie crude product is purified by column
chromatography on silica gel (eluent: ethyl acetated recrystallized from THF/methanol. Yield:
230 mg (48.6 %), light yellow crystalline solid, £77 Col 181 isoT/ °C), 'H NMR (400 MHz,
THF-d8)3 = 7.48 (s, 8H, ArH), 7.43 (m, 4H, ArH), 7.08 (s, 2H, ArH), 6.95 (m, 4H, ArH), 4.17
(d, J =5.1 Hz, 2H, CH®I), 4.09 — 4.02 (m, 6H, Od€,CH,), 3.96 (ddJ = 9.5, 6.1 Hz, 2H), 3.92 —
3.85 (m, 2H, @), 3.74 (dd,J = 5.8 Hz, 2H, CHOH), 3.65 — 3.49 (m, 4H), 1.91 — 1.79 (m, 4H,
OCH,CHy), 1.65 — 1.53 (m, 4H, OG&H,CH,), 1.48 — 1.18 (m, 32H, OGEBH,CH,(CH)s), 0.88 {t,

J = 6.7 Hz, 6H, El3); *C-NMR (CDCk, 126 MHz)8 = 158.59, 153.72, 133.20, 131. 49, 131.37,
123.36, 123.03, 116.92, 115.93, 114.64, 114.02Q)Ar94.77, 91.13, 88.23, 87.88€C), 70.28,
69.69, 69.25, 63.58 (CH,, OCH), 31.94, 29.72, 29.69, 29.67, 29.65, 29.46, 2928812, 22.71,
14.13 CHy, CH3); HR-MS: m/z M+Cl]” 1061.5708 (calc. 1061.5693)

B18: Synthesized according to the procedures giverBf@&, but starting fronba with n = 18 (93
mg, 0.073 mmol), Yield: 20 mg (23 %), light yellarmystalline solid, cr 158 (Cgql/pémm 156) iso
(T/ °C), *H-NMR (500 MHz, THF-d8):5 = 7.48 (s, 8H, ArH), 7.43 (m, 4H, ArH), 7.08 (s, 2H,
Ar-H), 6.95 (m, 4H, ArH), 4.17 (d,J = 5.1 Hz, 2H, CH®), 4.14 — 4.01 (m, 6H, Od,CH,), 3.95
(dd,J = 9.5, 6.1 Hz, 2H), 3.92 — 3.84 (m, 2HHY, 3.73 (dd,J = 5.8 Hz, 2H, CHOH), 3.64 — 3.51
(m, 4H), 1.90 — 1.80 (m, 4H, OGEH,), 1.63 — 1.53 (m, 4H, OGIEH,CH,), 1.46 — 1.20 (m, 56H,
OCH,CH,CH2(CH)14), 0.88 (t,J = 6.9 Hz, 6H, El3); *C-NMR (CDCk, 126 MHz)5 = 158.59,
153.72, 133.20, 131.49, 131.37, 123.36, 123.03,9B14.15.94, 114.64, 114.02 (A}, 94.77, 91.13,
88.23, 87.83C¢=C), 70.29, 69.69, 69.24, 63.58 @B,, OCH), 31.94, 29.72, 29.69, 29.65, 29.45,
29.49, 29.38, 26.11, 22.70, 14.13H;, CH3); HR-MS: m/z M+Cl]" 1229.7588 (calc. 1229.7571)

C12: 6b (510 mg, 0.43 mmol) is solved in THF (10 ml), &étmtylammoniumfluorid (0.2 ml of 1 M
solution in THF, 0.17 mmol) is added and the solutivas stirred at room temperature for two hours.
After the reaction is finished, the solution isutidd with methylene chloride and water. The organic
layer is separated and the aqueous layer is estrawto times with methylene chloride. The
combined organic layers are washed with brine,ddaeer sodium sulphate and evaporated under
reduced pressure. The crude product is purifieccddymn chromatography on silica gel (eluent:
CHCI3/MeOH 10:0-> 10:0.05 V/V) and crystallized from chloroform. Yde 277 mg (74 %), light
yellow crystalline solid, mp. 184-188 °@& NMR (400 MHz, CDCY) § 7.49 — 7.44 (m, 8H, AH),
7.43 —7.39 (m, 4H, AH), 6.99 (s, 2H, AH), 6.84 — 6.76 (m, 4H, AH), 4.83 (s, 2H, @), 4.02 (t,J

= 6.5 Hz, 4H, OGEl,), 1.85 - 1.81 (m, 4H, OGEH,), 1.56 — 1.45 (m, 4H, OGEH,CH,), 1.40 —
1.17 (m, 32H, OCBKCH,CH,(CHy)s), 0.85 (t,J = 6.3 Hz, 6H, CHCH3); HR-MS: m/z M+CI]
913.4984 (calc. 913.4957)

D12/3: A suspension o€12 (70 mg, 0.079 mmol), 12-bromo-3,6,9-trioxadodecariediol (50 mg,
0.175 mmol) and potassium carbonate (110 mg, O./m@limn DMF (30 ml) is stirred at 80 °C for
eight hours. After cooling, water is added and wader layer is extracted three times with ethyl
acetate. The combined organic layers are washes ttimes with saturated solution of lithium
chloride, dried over sodium sulphate and the sdlissavaporated under reduced pressure. The crude
product is purified by column chromatography oncailgel (eluent: CHGIMeOH 10:0.3 V/V).
Yield: 52 mg (51 %), light yellow crystalline sojichp. 131 °C*H NMR (500 MHz, CDCJ) 6 7.50 —

7.40 (m, 12H, AH), 6.99 (s, 2H, AH), 6.93 — 6.84 (m, 4H, AH), 4.19 — 4.13 (m, 4H), 4.02 @,=
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6.4 Hz, 4H, OG1,CH,CH,), 3.90 — 3.80 (m, 6H), 3.74 — 3.58 (m, 22H), 3(86, J = 10.1, 6.3 Hz,
2H), 1.88 — 1.78 (m, 4H, OGIBH,CH,), 1.56 — 1.46 (m, 4H, OGIEH,CH,), 1.42 — 1.16 (m, 32H,
OCH,CH,CH5(CH,)s), 0.85 (t,J = 6.9 Hz, 6H, CHCHs); HR-MS: miz [M+CI]" 1325.7209 (calc.
1325.7266)

E12/7: Synthesized according to the procedures giverDfti#/3, starting fromC12 (50 mg, 0.057
mmol) and 3,6,9,12,15,18,21-heptaoxadocgsidtuenesulphonate (62 mg, 0.125 mmol). Yield: 31
mg (36 %), light yellow crystalline solid, mp. 8CH NMR (400 MHz, CDC}) § 7.52 — 7.39 (m,
12H, ArH), 6.99 (s, 2H, AH), 6.90 — 6.84 (m, 4H, AH), 4.18 — 4.09 (m, 4H), 4.02 @,= 6.4 Hz,
4H, OH,CH,CHy), 3.90 — 3.82 (m, 4H), 3.75 — 3.69 (m, 4H), 3.68.56 (m, 40H), 3.56 — 3.49 (m,
4H), 3.36 (s, 6H, OBj), 1.89 — 1.79 (m, 4H, OGEH,CH,), 1.59 — 1.44 (m, 4H, OGIEH,CH,),
1.42 — 1.16 (m, 32H, OGIEH,CH,(CH,)g), 0.85 (t,J = 6.8 Hz, 6H, CHCH3); HR-MS: m/z [M+Li] *
1529.9450 (calc. 1529.9414).

2. Estimation of the number of moleculesin the B12-rich domains

For the estimations the following assumptions weegle, see Fig. S1:

— The cross sectional area required by é&thmolecule (cross sections of the aromatic core of
the bolapolyphile + the attached lateral alkyl csai,) and each lipid molecule (cross sectional
area of two alkyl chaing) isa, ~a ~a~ 0.4 nn.

— The (inverse) total area ratiof the lipids &) to the total area of bolaamphiphiles and lipids
(Ap+1 = AptA) given an experimental number ratpn = 1:3 is

r = (Ap+A)/A = (1+1.5)/1.5 = 1.667,
considering that 2 lipids are located on top ofheather &, =any,, A =an/2).

- In the honeycomb walls the aromatic cores adopesmraferred face-to-face packing, so that
the aromatic cores have an extension atbofj~ 0.55 nm and a distance between the faces of
about ~ 0.36 nm.

— As average diameter of the alkyl chains ~0.45 nosesl.

— Along 2d, there is one aromatic core and on average onédikyn (each alkyl chain covers
one half of the aromatic core, i.e. on averagectieone aromatic core and one alkyl chain
arranged side-by side), which means tltt-20.55 + 0.45 ~ 1.0 nm

— The relation of the area of the lipid§)(and the total area of bolaamphiphiles plus lipids
(Ap+1 = Ap+A) to the dimensiond, anddy. = d; + dy (usingd® = 3"2A for an equilateral triangle)
is (Ap+A)/A =1 = (d + dp)?/d. This quadratic equation is easily solved, gidgr 0.5 nm and
r=1.667:

d = dy/(r-1) + [ [@dy/(r-1))* + d?/(r-1) ¥ = 1.72 nm

- With A =d? 3 =1.71 nr, we finally obtain the number of lipid moleculesrell via
N| = 6x2xA /g =50

— The length of the equilateral triangig, = (4/3)"2 dp+ = 2.56 nm. From this we estimate
Np = 2.56 nm/0.36 nrs 7 B12 molecules per honeycomb wall.
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Figure S1. Model showing the organization of bolapolyphil@12) in the hexagonal honeycomb (cut
perpendicular to the membrane normal) and defimitib the parameters used for the estimation ofctie
size.
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