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Abstract

The regioselective synthesis of @n,e trisadduct of G via the Diels-Alder reaction witbrtho-
guinodimethanes has been attempted employing tiertdirected remote functionalization
approach. Opened-structure tetd€rand macrocyclic tethers6 and 21 were synthesized for
this purpose. The functionalization ofggCafforded inseparable mixtures of regiomeric
trisadducts and the regioselective formation of éjege trisadduct was not feasible even when
the more preorganized tethd8and21 were employed. Thia situthermal generation afrtho-
quinodimethanes from the 1,2-bis(bromomethyl)beazerecursors requires high temperatures
and is followed by fast, irreversible cycloadditiaith Cgp to afford thermally stable products,
which prevents the achievement of high regioselgigs.

Keywords: [60]Fullerene, Diels-Alder, cycloadditiolmstho-quinodimethanes, addition pattern,
[4+2] trisadduct

Introduction

The fascinating properties of [60]fullerene havepined chemists to design and synthesize
derivatives with specific function and unique atebiures targeting future applications in
advanced nanoscale materials and deviéézr synthetic chemists, the limited solubility@g

in common organic solvents has been an obstaclathbilite same time triggered an enormous
development of its covalent chemistrfFunctionalization methods such as the Bingel feagct
the Prato reaction and the Diels-Alder cycloadditave powerful tools for the construction of
well-defined fullerene materials® While single additions on dg deliver one regioisomer (all
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double bonds are equivalent), the double and taplalent attachment of addends leads to the
formation of different regioisomers with the numimeereasing to 46 for trisadducts. The multi-
functionalization of Gy became one of the first targets in fullerene clsémiand following the
tether-directed remote functionalization conceptoduced by Diederich,there has been a
significant increase of research activity in thisa

A challenging topic in the areas of fullerene cistrg, material and biological sciences is the
regioselective synthesis of [60]fullerene trisadduavith Cz-symmetrical addition patterns
(Scheme 1). The well-defined three-dimensional odbe architecture combined with the
unique physicochemical properties of the fullereheomophore render this family of molecules
candidates for future applications. Apart from #asthetically pleasing architecture, this family
of trisadducts showed pronounced biological agtigimd were investigated as potent drugs for
numerous diseasésThe strong antioxidant character of these compsutudjether with their
potential to act as platforms for the constructioh functional supramoleculese.g,
lipofullerenes, dendrofullerenéshave set the development of synthetic methods ter
regioselective triple additions ons¢a highly desirable target.

cis-1,cis-1,cis-1
Cs

trans-3,trans-3,trans-3 trans-4,trans-4,trans-4
Cs Cav

Scheme 1The four possibl€;-symmetrical addition patterns oL

The tether-directed remote functionalization mdthas been successfully applied for the
synthesis of Cs-symmetrical trisadducts of € by the groups of Diederich,Hirsch/™*?
Nierengartett™*° and ours®*® Opened- and closed-structure tethers equipped ttitee
malonate groups were utilized for this purpose @hgossibleCs-symmetrical addition patterns
have been accessed except thelcis-1cis-1 (allcis1) which is not energetically favored
owing to the steric hindrance of the addends. Irtha&lse cases, the covalent functionalization
was performed by the Bingel cyclopropanation of thactive [6,6]-double bonds ofs§ a
widely used derivatization method in fullerene cistry.

A disadvantage of the Bingel reaction is the reldity under reductive (chemical and
electrochemical) conditioh$?* [Scheme 2, (a)], a limiting factor for possibleplpations of Gg
trisadducts in electron transfer processes mimgckie photosynthetic system. To overcome this
problem, Diels-Alder cycloadditions can be employbdt lead to the formation of stable
fullerene cycloadducts, at least under reductivelimmns. A cycloadduct of £ [Scheme 2, (b)]
derived from the Diels-Alder addition of a dieneGg is, however, sensitive to oxidation which
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proceedsvia the "ene" reaction of singlet oxygenOg)?* with the double bond of the
cyclohexene ring to afford the corresponding atlylydroperoxide3.?% The fullerene core acts
as a photosensitizer and thus, adducts of this &hmiild be handled in the dark. This problem
can be tackled ibrtho-quinodimethanes are used as dienes [Scheme 2n@)h such a case the
corresponding cycloadducdtsare thermally and photochemically stable. Whildethora of G
monoadducts have been reported in the literatunegusrtho-quinodimethanes as reactive
dienes?®?’there are only a few reports on the synthesissafdolucts<®2°

Electrochemical

retro-cyclopropanation

Chemical
retro-cyclopropanation

c) X
©j @CY
A

11 4-elimination

o-quinodimethane /:\((l

retro Ceo
—_—
Diels-Alder Diels-Alder

\ Cycloadition

X /h; TA Y_/\:@
|
sQioe 4

Scheme 2.(a) Reversibility of the Bingel cyclopropanatioh @so, (b) photooxidation of £
cycloadducts witHO, and (c) synthesis afrtho-quinodimethanes and Diels-Alder cycloaddition
with Ceo.

With respect to the trisadducts, to the best ofkmowledge, there are no reports on either
stepwise or tether-directed regioselective syntheta Diels-Alder trisadduct ofggemploying
ortho-quinodimethanes as reactive dienes. The syntlésise equatorialequatorialequatorial
(eee) trisadduct derived from the stepwise Diels-Alderaction of 9,10-dimethylanthracene
with Ce is the only example of [4+2] trisadduct reportgoksautler in 20087
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Results and Discussion

Our interest was focused on the regioselectivehggnd of a redox-stable and singlet oxygen
insensitive trisadduct of &g functionalized by the [4+2] Diels-Alder reactiomith ortho-
guinodimethanes. Specifically, we desigmed,etrisadducts (Figure 1) which is expected to be
thermally stable and inert t®, photooxidation owing to the presence of the arasnzenes
formed during the cycloaddition reactions. The chobf thee addition pattern was not
accidental as it is well documented that it is fagbover the othersis andtrans).>**? For the
synthesis of trisadduch we employed the tether-directed remote functi@asibn method
utilizing Cs-symmetrical tethers equipped wibhtho-quinodimethane precursor moieties for the
three-fold Diels-Alder reaction on the fullerendspe.

X = Functional groups (esters or ethers)
connected with the tether

Figure 1. The designedeee trisadduct of G functionalized with tethers bearingrtho-
guinodimethane precursors.

The reports of Hirsch? and Nierengartéft’ on the synthesis dd,ee trisadducts of &
with tripodal tethers equipped with malonate meigtiprompted us to design opened-structure
tether 10 bearingortho-quinodimethane precursors covalently connectethéophloroglucinol
focal pointvia two-carbon alkyl chains (Scheme 3). Bromoethanas \irstly protected as a
THP ethe? followed by a three-fold Williamson etherificatiomith phloroglucinol to afford
tripodal protected alcohdl. The highest yield of (70%) was obtained when the reaction was
carried out in acetone heated at reflux, and bpgug,CO; as a base in the presence of 18-
crown-6. Subsequent cleavage of the protectingpgaisingp-TSA furnished triol8 which has
been synthesized before in one step by the reacfiphloroglucinol with ethylene carbonéfe.
This stepwise, protection-deprotection strategyersffthe possibility of synthesizing similar
tethers differing in the length of the alkyl spaceronnecting the reactive groups with
phloroglucinol. This can be accomplished by empigythe appropriate bromoalcohols with
variable number of carbon atoms, which in the adsethylene carbonate is limited to two. In
the last step, trioB was subjected to a three-fold esterification wéttid 9*° using DCC and
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DMAP, in THF solvent. TethetO was isolated by column chromatography in 28% yeid
characterized by NMR spectroscopy and MALDI-TOF sngisectrometry.

THPO

1

DHP, p-TSA, dry Et,0 OH Dry acetone, 18-crown-6 0
HO/\/Br 0°C,10 minthenrt1h /|\/j . i KoCO3, 56 °C, 48 h /@\
85% BI’\/\ 70% OTHP
% o OH ; 07

6

THPO
p-TiSA,hMEOH\ 28%
O 3y
Koo o
0"o_o \ Io
H 0.0 DCC, DMAP OH
THF
04,0 B o « - 0
(]
Br 0 o ™~CH
Br Br Br H
] Br 9 HO 8
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Scheme 3Synthesis of tripodal tethéo.

We next investigated the remote three-fold DieldeA functionalization of g with tether
10 under the experimental conditions used for theegetion ofortho-quinodimethanes from the
corresponding 1,2-bis(bromomethyl)benzene precsir§6cheme 4). The reaction was carried
out under high dilution conditions §€concentration 10 mol/L), in toluene solvent and by
using Kl/18-crown-6 as the 1,4-debrominating re&gaa the 1,4-elimination step requires high
temperature, the reaction mixture was refluxed14 °C and the progress of the reaction was
monitored by TLC, HPLC and MALDI-TOF. According thhe HPLC elugram of the crude
mixture (see Supplementary Material), the regiagiele formation of a specific trisadduct was
not observed but instead, the reaction led to@ah@dtion of an unseparable mixture of fullerene
adducts. In the MALDI-TOF spectrum (see Supplemgmnitéaterial), the dominant peak at 1368
m/z corresponding to the [M-HJion confirmed that the three-fold Diels-Alder réan was
successful and the reaction products were trisdaddafcGso. The lack of regioselectivity in the
remote functionalization of 4 with tether10 can be attributed to the open structure of the
tripodal tether and thus, to an insufficient preorigation of the reactive groups. Furthermore,
for adducts formed from opened-structure tethiersut stereoisomerisifi®’ has been observed
which is attributed to the relative orientationtleé ester moieties connecting the reactive groups
with phloroglucinol. As a consequence, a specifidigon pattern is represented by a number of
stereoisomers and in the cases@fe trisadducts, there are four possible (Figure 2). According
to PM3 calculationg® thein-in, out-in, out-outstereoisomer was the most thermodynamically
stable.
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Scheme 4Remote [4+2] functionalization ofggwith tetherlO.

in-in, out-in, out-out in-in, out-out, in-out in-out, in-out, in-out out-in, out-in, out-in
AHs (rel.): 0.00 kcal/mol AHs (rel.): 3.08 kcal/mol AH; (rel.): 14.92 kcal/mol AHs (rel.): 4.30 kcal/mol

Figure 2. The four possible sterecisomersex,e trisadduct5 and their PM3 calculatedH;
energies.

The remote functionalization ofgEwith cyclo[n]-malonate tethef$*>*®has been proved
advantageous in the regioselective synthesis ofopsapanated fullerene multi-adducts,
compared to the acyclic tether analogues. In amditvhen macrocyclic tethers are used,ithe
out stereoisomerism cannot operate due to the restritgxibility of the reactive groups. With
this in mind, we designed macrocyclic tetli€ (Scheme 5) where thartho-quinodimethane
precursors are well-preorganized as they are imcated in a macrocyclic system. For the
synthesis ofL6, pyrocatechol was firstly mono-protected as a leether®*°and subjected to a
Williamson etherification with 1,5-dichloropentateeafford 12 in very good yield. Deprotection
of the benzyl ethers by hydrogenation furnished di® which was allowed to react with
dichloride 14 derived from the two-fold Williamson etherificatioof pyrocatechol with 1,5-
dichloropentane. The cesium-templated intermolecualglization of 13 and 14 led to the
exclusive formation of macrocyclé isolated in 50% yield after column chromatography.
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Scheme 5Synthesis of macrocyclic tethé.

Finally, the benzylic bromide groups on the aramehgs were installed in a one-pot, two-
step process. A six-fold electrophilic aromatic sithtion with formaldehyde followed by the
situ substitution of hydroxyl groups with bromine atoled to the successful synthesis of tether
16 (isolated in 50%). Its structural assignment wasomplished by'H, *C NMR, IR
spectroscopies and by MALDI-TOF mass spectrometry.

The remote functionalization ofsgwith tetherl6 was then investigated under high dilution
conditions (Go concentration 1® mol/L), in toluene and by using Kl/18-crown-6 ftine
generation of the reactivertho-quinodimethane dienes. In the MALDI-TOF spectruseq
Supplementary Material) of the crude reaction mixtithe intense peak at 133#h/z
corresponding to the [M+Hjon confirmed the successful formation of trisactdwf Go. HPLC
analysis (see Supplementary Material) revealedhtireregioselective behavior of tethBs in
the remote Diels-Alder cycloaddition reaction whiet to an inseparable mixture of trisadducts.
Attempts to separate at least some major adduatsloynn chromatography failed.

In tetherl6, theortho-quinodimethane precursors are connected @8halkyl chains which
prefer ananti confirmation. This might render the adoption ot@cave geometry difficult,
leading to an inappropriate orientation of the tieacgroups and consequently to the poor
regioselectivity of the Diels-Alder remote functadization of Go. With this assumption in mind,
we modified the tether’s structure by replacing #fieyl chains with glycol moieties. Thus, we
designed tethe21 which was synthesized following the same synth&tiategy (Scheme 6) with
that for tetherl6. To introduce the glycol groups, we employed i@ Williamson etherification
steps bis(2-chloroethyl)ether instead of 1,5-dintpentane. Compounds8*! and 19" were
synthesized according to literature reports whiié"* and 20** are known compounds in the
literature but they were synthesized following approach. Worthy of note was that the higher
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yields of these synthetic steps may be attributethé presence of the glycol groups which
helped improve the solubility of the intermediat€bus, tetheP1 was synthesized in very good
overall yield and its structure was assigned by NBectroscopy and MALDI-TOF mass
spectrometry.

dry DMF, K,COj5

OH .
O omne L O 0 =
OBn ° OBn BnO EtOAC
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Scheme 6Synthesis of macrocyclic teth2t.

The three-fold Diels-Alder functionalization ofgfwith tether 21 was successful as
confirmed from the MALDI-TOF spectrum (see Supplataey Material) of the crude reaction
mixture which showed a clear peak at 1332 corresponding to the [flion of Gy trisadducts.
Unfortunately, HPLC analysis (see Supplementary ekialf) revealed that the remote
functionalization of Gy was not regioselective, and column chromatograpbaration of any
of the formed trisadducts was not feasible.

As the Diels-Alder remote functionalization ofgGvith macrocyclic tetherd6 and21 was
non-regioselective, we focused our attention on Xfedebromination of the 1,2-bis(bromo-
methyl)benzene precursors of the tethers leadingh& formation of the reactivertho-
guinodimethanes. In all cases, KI/18-crown-6 wasduss the source ofwhich acts as the 1,4-
elimination reagent preceding the cycloadditiorctiea with Gso. To exclude the possibility that
K" also binds into the macrocyclic cavity b8 and especially 021 which bears glycol chains
rigidifying the structure of the macrocyclic ringse tested different iodine salts. As such, we
repeated the reactions ofg@vith tethersl6 and21 in toluene heated at 12Q, by using EN*I’
and Csl as debrominating reagents. The reactiome menitored by HPLC and MALDI-TOF
but in all cases, non-separable mixtures gf tisadducts were formed. At temperatures lower
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than 110°C the formation ofortho-quinodimethanes from the corresponding 1,2-bistioro
methyl)benzene precursors was notably suppressed.

In the three-fold Diels-Alder reaction ok&with tetherslO, 16 and21, thirty double bonds
of the fullerene skeleton are available for funeélization and the possible trisadducts that can
be formed are 46. The final approach of our stumyu$ed on finding a way to reduce the
number of possible regioisomers and obtain a battderstanding regarding the regioselective
behavior of the synthesized tethers. As such, weselas a starting material a synthetically
valuable derivative of § namely, eee trisadduct22 (Scheme 7). In the trisaddu2®, one
hemisphere of the fullerene core is protected ®yctitio[3]-octyl malonate moiety and thus,
the number of double bonds available for functizadion is reduced to half in comparison with
the parent . In case that the synthesized tethers will reaca iregioselective manner with
trisadduct22 and succeed in accessing thee addition pattern, hexakis addi3 (Scheme 7)
was expected to form. Such hexaadducts @faBe called type | [3:3f and the addends are
located at the octahedral sites of the fullerenfleespp Apart from their unique architecture,
hexakis adducts derived from the functionalizatairthe sixe double bonds of & are very
attractive structures in the synthesis of functioidlerene material>° Trisadduct22 was
synthesized according to the literafuasd the remote functionalization with tethéfs 16 and
21 was investigated in toluene heated at f@0and by using Kl/18-crown-6 as the 1,4-
debrominating reagent. The crude reaction mixtwere analyzed with the aid of TLC, HPLC
and MALDI-TOF mass spectrometry. The successfuimfdion of hexakis adducts was
confirmed by the measured MALDI-TOF spectra butoadimg to the HPLC elugrams, the
regioselective formation of a specific hexaadduatdl chot occur. The Diels-Alder
functionalization reactions of the trisadd@& with tethersl0, 16 and21 furnished inseparable
mixtures of fullerene hexakis adducts and, as stehfargeted hexakis add&g could not be
isolated.

10 or 16 or 21 (@)
Kl, 18-crown-6
dry Toluene, 110 °C

(e,e,e), 22 X = Functional groups (esters or ethers)
connected with the tether O O

Hexakis adduct type | [3:3], 23

Scheme 7 Remote Diels-Alder functionalization efe,e trisadduct22 with tethersl10, 16 and
21
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Conclusions

Summarizing, the results derived from the presémdlyson the regioselective tether-directed
synthesis of aneee trisadduct of G via the [4+2] Diels-Alder reaction withortho-
guinodimethanes, we designed and synthesized tioeel Cs-symmetrical tethers equipped
with 1,2-bis(bromo-methyl)benzene moieties. Undex aippropriate experimental conditions,
these groups lead to tiresitu formation of the correspondirmgtho-quinodimethanegia an 1,4-
elimination transformation. Tethd0 has an open structure, whil® and21 are macrocyclic
molecules where thertho-quinodimethane precursors are better preorgaragdtiey are linked
with alkyl and glycol chains, respectively. Theadéfold [4+2] cycloaddition reactions of tethers
10, 16 and21 with Gso were carried out under high dilution conditionstaluene heated at 110
°C and by using different 1,4-debrominating reagemisall cases, inseparable mixtures of
regiomeric trisadducts were formed and the regemsle formation of the targetedee
trisadduct was not feasible even when the morergamized tether$6 and21 were employed.
The results of the present study lead to the cermiuthat the [4+2] cycloaddition afrtho-
guinodimethanes with theggis a kinetically controlled reaction. Tl situ thermal generation
of ortho-quinodimethanes from the corresponding 1,2-bis(lomethyl)benzene precursors
requires high temperatures (1%0) and is followed by the fast, irreversible [4-+3fcloaddition
reaction with G to afford thermally stable products. To reduce thenber of possible
regioisomeric trisadducts, the tether-directed mem@4+2] functionalization was also
investigated withe,e,e trisadduct22 towards the synthesis of hexakis add2®functionalized at
the octahedral sites of the fullerene. Also in ttase, tetherd0, 16 and21 reacted in a non-
regioselective manner strengthening the concluiah thein situ thermal formation obrtho-
qguinodimethanes from 1,2-bis(bromomethyl)benzenecymsors followed by the fast and
irreversible [4+2] cycloaddition prevents the acliment of high regioselectivities even if the
reactive groups are incorporated in well-preorgashimolecular systems.

Experimental Section

General. All starting materials were purchased from comnatrsources and used without
further purification. The solvents were dried usistandard techniques. Reactions were
monitored by thin layer chromatography (TLC) oncsilgel 60 B4 (Merck) aluminium plates.
After development, TLC plates were stained withagetum permanganate (KMgOProducts
were isolated by column chromatography (silicaGfelparticle size 0.04-0.063 mm, Merckl
and*C NMR spectra were recorded on Bruker Avance 300zMHd Bruker Avance Il 500
Ultrashield Plus 500 MHz spectrometers. The chenshdts are given in ppm relative to the
appropriate solvent peak as a standard refereruwe.r@sonance multiplicity is indicated as s
(singlet), d (doublet), t (triplet), g (quartet)yig (quintet), m (multiplet), or combinations of
these. Broad resonances are designated with bk.@si@nments were aided Hy-*C HSQC,
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whenever necessary. High resolution (El) mass speatre recorded on a Thermo Finnigan Mat
95 instrument. High resolution MALDI-TOF mass spaatvere recorded on a Bruker Autoflex
[l Smartbeam instrument. UV/vis spectra were rdedron a Shimadzu UV-3600 spectrometer.
IR spectra were recorded on a Shimadzu IR Pregfigspectrometer. The spectra were
measured as a film on NaCl plates. Melting poimtg)(were determined on a Stuart Scientific
SMP10 apparatus and were uncorrected. 1-(2-Tetrahyrhnyloxy)-2-bromoethane)*® 3,4-
bis(bromomethyl)benzoic acid9)(** 2-(benzyloxy)phenol 1(1),°*° 2,2'-[oxybis(ethane-2,1-
diyloxy)]diphenol (8),** 1,2-bis[2-(2-chloroethoxy)ethoxy]benzen®9(** and e,ee trisadduct
22" were synthesized according to the literature.

2,2',2"-[Benzene-1,3,5-triyltris(oxyethane-2,1-diloxy)]tris(tetrahydro-2 H-pyran) (7). In a
100 mL three-necked round bottom flask equippedh vgas inlet, condenser and magnetic
stirrer, phloroglucinol (0.16 g, 1.23 mmol) wasdtitved under a nitrogen atmosphere in dry
acetone (50 mL) followed by the addition of 1-(2<aédydropyranyloxy)-2-bromoethan®)(
(2.29 g, 6.16 mmol), ¥CO; (3.40 g, 24.60 mmol) and 18-crown-6 (0.33 g, 1n@3ol). The
reaction mixture was stirred for 48 h at 56 °C. Shhition was concentrated and the residue was
partitioned between equal volumes of dichloromethamd water. The organic layer was
separated, washed with water, brine and dried (MySIhe crude mixture was adsorbed on
SiO, and chromatographed on a Si€dlumn (-Hexane/EtOAc/CHLCI,, 6:3:1) to afford the title
compound?7 as a yellowish oil (0.46 g, 70%dR 0.55 (SiQ, n-Hexane/EtOAc/ChKCl,, 6:3:1,
stain: KMnQy); IR (NaCl, evap. filmymae cmi’): 2941, 2872, 1598, 1454, 1415, 1382, 1352,
1323, 1284, 1259, 1240, 1201, 1168, 1138, 11266,10035, 1020, 985, 964, 931, 906, 871,
813;'H NMR (500 MHz, CDC}, 25°C): dy 1.51-1.66 (1B, m, CHy), 1.71-1.76 (B, m, CHy),
1.81-1.86 (B, m, CHy), 3.50-3.54 (Bl, m, (Hy), 3.77-3.81 (B, m, CH,), 3.87-3.91 (B, m,
CHy), 3.99-4.03 (B, m, CHy), 4.06-4.13 (6, m, ArO-CH,), 4.69 (31, t, % 3.5 Hz, ArH), 6.14
(3H, s, ArH); *C NMR (125 MHz, CDGJ, 25°C): dc 19.4 (3C,CH,), 25.4 (3CCH,), 30.5 (3C,
CHy), 62.2 (3C,CH,), 65.7 (3C,CHy), 67.4 (3C, ArOEH,), 94.5 (3C, 3 xortho-ArCH), 99.0
(3C, CCHO), 160.6 (3C, 3 »metaArC-0); UV/vis (CHCl) nmlimax 240 (3667), 267 (651)
eldm’mol*cm™; HRMS (EI*): m/zcalcd for G7H4209 [M]* 510.2823; found 510.28009.
1,3,5-Tris[(2’-hydroxy)ethoxy]benzene (8}* In a 25 mL three-necked round bottom flask
equipped with condenser and magnetic stirrer, tisétdtrahydro-2i-pyran) 7 (0.17 g, 0.33
mmol) was dissolved in dry methanol (10 mL) follaMey the addition op-TSA (0.01 g, 0.03
mmol). The resulting mixture was stirred for 48 hraom temperature. The solution was
concentrated and the crude mixture was adsorbe®iOpn and chromatographed on a $iO
column (CHCIl./MeOH/h-Hexane, 8:1:1) to give the title compodas a colorless solid (0.06 g,
78%).R: 0.29 (SiQ, CH,Cl,/MeOH/-Hexane, 8:1:1, stain: KMn *H, **C NMR resonances,
IR absorptions and mass spectrometric data wegoad agreement with that reported in the
literature.

Benzene-1,3,5-triyltris(oxyethane-2,1-diyl)tris[3,4bis(bromomethyl)benzoate] (10)In a dry
250 mL three-necked round bottom flask equippedh s inlet and magnetic stirrer, 1,3,5-
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tris[(2’-hydroxy)ethoxy]benzeneg] (1.00 g, 3.87 mmol), 3,4-bis(bromomethyl)benzaiid O)
(5.97 g, 19.52 mmol), DCC (4.01 g, 19.40 mmol) ddWIAP (0.19 g, 1.54 mmol) were
dissolved under a nitrogen atmosphere in dry THI (hL). The reaction mixture was stirred
for 7 d at room temperature. The solution was cotmated and the residue was diluted with
EtOAc (30 mL) and stored at -2 for 12 h. The crude mixture was filtered undestuce
pressure and the filtrate was adsorbed or &id chromatographed on a gi€dlumn (CHCI,
100%) to afford the title compourid as a colorless solid (1.22 g, 28%).0.60 (SiQ, CH.CI,,
100%, stain: KMn@); mp 100-101°C; IR (NaCl, evap. filmyma, cmi'): 2953, 2874, 1720,
1611, 1593, 1454, 1414, 1369, 1330, 1296, 12747,12189, 1155, 1125, 1107, 1076, 1028,
818, 772, 760'H NMR (500 MHz, CDC}, 25 °C): 64 4.27 (6H, t,°J 6.5 Hz, ArOG,), 4.65
(18H, apparent t, B,Br and G1,0CO), 6.19 (3H, s, AH), 7.44 (31, d,J 8.0 Hz, ArH), 7.97
(3H, dd,J 1.5, 1.5 Hz, AH), 8.03 (3, d,J 2.0 Hz, ArH); **C NMR (125 MHz, CDGJ, 25°C):

oc 28.7 (3C, ACH,Br), 29.2 (3C, ACH,Br), 63.6 (3C, Ei,0COAr), 66.0 (3C, ArCH,), 94.8
(3C, 3 xortho-ArC-H), 130.6 (3C, A€-H), 130.7 (3C, A€-H), 131.3 (3C, AC-H), 132.3 (3C,
ArC-H), 136.9 (3C, AE-H), 141.6 (3C, A€-H), 160.5 (3C, CHOCOAr), 165.4 (3C, 3 xmeta
ArC-0); UV/vis (CHCL) nmimax 246 (40876), 298 (363@Ydm’mol cm®; HRMS (MALDI-
TOF, positive mode, HCCA matrix)m/z calcd for GgHacOo("Br)s(3'Br)sNa [M+Na]
1150.7297; found 1150.7265.

1,1'-[Pentane-1,5-diylbis(oxy)]bis[2-(benzyloxy)berene] (12).In a dry 250 mL three-necked
round bottom flask equipped with gas inlet, conée@sd magnetic stirrer, 2-(benzyloxy)phenol
(11 (3.00 g, 15.00 mmol), 1,5-dichloropentane (0.9 M50 mmol) and KCOs (4.14 g, 30.00
mmol) were dissolved under a nitrogen atmosphedryrDMF (55 mL). The reaction mixture
was stirred at 8GC for 48 h. DMF was removed under reduced presance the resulting
mixture was partitioned between equal volumes @At and water. The organic layer was
separated, washed with water, brine and dried (MJSQhe crude mixture was
chromatographed on a Si©olumn (CHCI,/n-Hexane, 7:3) to afford produd® as a colorless
solid (2.39 g, 70%)R: 0.29 (SiQ, CH.Cl,/n-Hexane, 7:3, stain: KMng, mp 72-74°C; IR
(NaCl, evap. film,vmas cmi’): 3063, 3034, 2943, 2907, 2856, 1589, 1506, 14850, 1384,
1329, 1288, 1252, 1217, 1121, 1051, 1034, 1024, 9@B8, 856, 827, 733H NMR (300 MHz,
CDClz, 25°C): 6y 1.66-1.74 (2H, m, CHCH,CH,), 1.86-1.96 (4H, m, ArOC}CH,CH,), 4.04
(4H, t,%3 6.5 Hz, ArOGH,CH,), 5.12 (4, s, ArCH,OAr), 6.83-6.94 (81, m, Ar H), 7.28-7.36
(6H, m, Ar H), 7.45 (41, d,J 7.0 Hz, ArH); *C NMR (75 MHz, CDC}, 25°C): dc 22.7 (1C,
ArOCH,CH,CH), 29.0 (2C, ArOCHCH,CH,), 69.0 (2C, Ar@H,CH,), 71.3 (2C, ACH,OAr),
114.1, 128.4 (18C, A-H), 137.5, 149.4 (6C, A-0); UV/vis (CHCl) nmlimax 240 (6709),
277 (5380) ¢/dm®mol*cm™; HRMS (EI"): m/z caled for GiHs.0, [M]* 468.2295; found
468.2285.

2,2'-[Pentane-1,5-diylbis(oxy)]diphenol (13). A mixture of 1,1'-[pentane-1,5-diylbis(oxy)]-
bis[2-(benzyloxy)benzend]l2) (2.37 g, 5.07 mmol) and a catalytic amount of 1PeC were
dissolved in EtOAc (100 mL) and hydrogenated uralék atmosphere (2 bar) for 2 h at room
temperature. The reaction mixture was filtered ulgio a Celit€ pad and the filtrate was
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evaporated to dryness to afford the title compol®¢l.24 g, 89%) as a colorless solid. mp 98-
100 °C; IR (NaCl, evap. filmyma cmi): 3356, 2949, 1611, 1593, 1505, 1479, 1467, 1404,
1382, 1356, 1307, 1261, 1250, 1232, 1219, 1109,10a18, 847, 783, 746, 73'H NMR (300
MHz, CDCk, 25°C): 6y 1.62-1.72 (2H, m, CKCH,CHy), 1.86-1.96 (4H, m, ArOCKCH,), 4.09
(4H, t,%J 6.5 Hz, ArOGH,), 5.68 (2H, s, Ar®I), 6.83-6.90 (B, m, Ar ), 6.93-6.96 (B, m, Ar
H); ¥®*C NMR (75 MHz, CDC}, 25 °C): 6c 22.7 (1C, ArOCHCH,CH,), 28.9 (2C,
ArOCH,CH,CH,), 68.5 (2C, Ar@H,CH,), 111.7, 114.6, 120.1, 121.5 (8C,QAH), 145.75,
145.79 (4C, AE-0); UV/vis (CHCk) NnMAmax 239 (2690), 276 (5463Ydm’molcm™ HRMS
(EI"): m/zcaled for G7H2004 [M] ™ 218.1356; found 218.1354.
1,2-Bis[(5-chloropentyl)oxy]benzene (14)ln a dry 250 mL three-necked round bottom flask
equipped with gas inlet, condenser and magneticestipyrocatechol (3.00 g, 27.27 mmol),
1,5-dichloropentane (7.30 mL, 57.27 mmol) angC®; (9.40 g, 30.00 mmol) were dissolved
under a nitrogen atmosphere in dry DMF (55 mL). Téwmction mixture was stirred at 85 for

24 h and then it was partitioned between equal meki of dichloromethane and water. The
organic layer was separated, washed with watemglaind dried (MgS£). The crude mixture
was chromatographed on a gi€lumn (CHCI,, 100%) to afford the title compourid! as a
yellowish oil (2.73 g, 32%)R: 0.9 (SiQ, CH.Cl,, 100%, stain: KMng); IR (NaCl, evap. film,
Vmax CMY): 2949, 1631, 1573, 1515, 1479, 1467, 1404, 13856, 1229, 1089, 1019, 837, 763,
746, 717;'H NMR (500 MHz, CDC}, 25°C): 6y 1.62-1.68 (4H, m, OCHH,CH,CH,CH,CI),
1.82-1.90 (8H, m, OCHCH,CH,CH,CH,CI), 3.57 (4H, 123 7.0 Hz, GH,Cl), 4.01 (4H, t31 6.5
Hz, ArOCH,), 6.89 (4, s, Ar H); ®*C NMR (125 MHz, CDQ, 25 °C): dc 23.6 (2C,
OCH,CH,CH,CH,CH,CI), 28.6, 32.4 (4C, OC¥H,CH,CH,CH.CI), 45.0 (2C, E.Cl), 68.8
(2C, ArOCH,CHy), 114.0, 121.2 (4C, A-H), 149.0 (2C, A€-0); UV/vis (CHCls) nmimax 239
(3012), 277(2826)/dm’molcm™; HRMS (EIN: m/z calcd for GeH24Cl,O, [M]* 318.1148;
found 318.1162.
7,8,9,10,18,19,20,21,29,30,31,32-Dodecahydkd;6/H,28tribenzo[b,k,t][1,4,10,13,19,22]-
hexaoxacycloheptacosine (15 a dry 500 mL three-necked round bottom flaskigoed with
gas inlet, condenser, dropping funnel and magrsiicer, CsCQ (2.03 g, 6.24 mmol) was
stirred in dry acetonitrile (140 mL) at 86 for 1 h. Subsequently, a solution of the di8l(0.60

g, 2.08 mmol) and dichlorid&4 (0.66 g, 2.08 mmol) in dry acetonitrile (140 mLpne added
dropwise over a period of 9 h. The reaction mixtwes heated at 8% for additional 3 d. The
mixture was allowed to cool at room temperatureluted with dichloromethane and
concentrated under reduced pressure. The resuttixgure was partitioned between equal
volumes of dichloromethane and 0.5 N KOH,({AMeOH, 6:4, v/v). The organic layer was
separated, washed with water, brine and dried (MySthe crude mixture was adsorbed on
Si0, and chromatographed on a gi&@lumn (CHCI,, 100%) to give the title compourid as a
colorless solid (0.556 ¢, 50%% 0.33 (SiQ, CH,Cl,, 100%, stain: KMng); mp 60-63°C; IR
(NaCl, evap. film,vma, cm’): 3647, 2927, 1593, 1506, 1469, 1452, 1358, 13288, 1256,
1219, 1127, 1093, 1053, 1031, 964, 941, 924, 729,"H NMR (300 MHz, CDC}, 25°C): dy
1.71- 1.78 (6H, m, ArOCH2CJ€H,), 1.86-1.95 (12H, m, ArOC4TH,), 4.04 (14, t,%J 6.0 Hz,
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ArOCH,), 6.91 (1M, s, Ar H); *C NMR (75 MHz, CDGC}, 25 °C): Jc 22.8 (3C,
ArOCH,CH,CH,), 29.0 (6C, ArOCHCHy), 69.2 (6C, Ar@CH,CH,), 114.6, 121.2 (12C, A-H),
149.3 (6C, AE-0); UV/vis (CHCl;) nmimax 240 (6333), 278 (6967ydm’mol*cm™; HRMS
(EI"): m/zcalcd for GsH4206 [M]* 534.2976; found 534.2967.
2,3,13,14,24,25-Hexakis(bromomethyl)-7,8,9,10,18,20,21,29,30,31,32-dodecahydro-
6H,17H,28H-tribenzo[b,k,t][1,4,10,13,19,22]hexaoxacycloheptacosine (1&).a dry 100 mL
three-necked round bottom flask equipped with gdet iand magnetic stirrer, compouid
(0.08 g, 0.15 mmol)p-formaldehyde (0.20 g, 6.75 mmol), sulfuric acidd(&.L, 150.00 mmol)
and NaBr (1.02 g, 9.90 mmol) were stirred in drgtacacid (45 mL) for 19 d. The mixture was
poured into cold water and was extracted with todueThe solvent was evaporated under
reduced pressure and the brown solid was wash&H)Eand dried under high vacuum to give
the title compound6 as a light brown solid (0.08 g, 50%). mp 184-286IR (NaCl, evap. film,
Vma CMY): 3312, 2926, 1607, 1597, 1504, 1462, 1358, 13@84, 1267, 1222, 1204, 1114,
1090, 1064, 1047, 947, 906, 846, 777, 727, TH2NMR (500 MHz, CDC}, 25°C): oy 1.67-
1.69 (6H, m, ArOCH2ChBCH,), 1.85-1.88 (12H, m, ArOCiCH,), 4.01 (13, t, 3] 6.0 Hz,
ArOCH,), 4.59 (13, s, ArCH,Br), 6.82 (61, s, ArH); *C NMR (125 MHz, CDQ, 25°C): dc
22.9 (3C, ArOCHCH,CH,), 28.7 (6C, A€H,Br), 30.8 (6C, ArOCHCH,), 69.3 (6C,
ArOCH,CH,), 116.1 (6C, A€-H), 129.2 (6C, AC-0), 149.6 (6C, AC-O); UV/vis (CHCk)
NMimas 244 (56711), 281 (21512)Ydm’mol*cm’; HRMS (MALDI-TOF, positive mode,
HCCA matrix):m/zcalcd for GeHagOs("*Br)s(3'Br)sNa [M+Na]" 1114.8388; found 1114.8333.
1,1'-[Oxybis(ethane-2,1-diyloxy)]bis[2-(benzyloxy)enzene] (17f* Compound 17 was
synthesized following the method used for the sgsithof 1,1'-[pentane-1,5-diylbis(oxy)]bis[2-
(benzyloxy)benzeng{12). In dry DMF (55 mL),11 (3.00 g, 15.00 mmol), 2-chloroethyl ether
(0.88 mL, 7.50 mmol) and &0O; (4.14 g, 30.00 mmol) were dissolved. The crudetunexwas
chromatographed on a Si©olumn to afford the title compouri¥ as a colorless solid (3.07 g,
87%). *H, *C NMR resonances, IR absorptions and mass spediordata were in good
agreement with that reported in the literature.
6,7,9,10,17,18,20,21,28,29,31,32-Dodecahydrotribefizk,t][1,4,7,10,13,16,19,22,25]nona-
oxacycloheptacosine (20% Compound20 was synthesized following the method used for the
synthesis of compountb. In dry acetonitrile (150 mL), CsG®2.00 g, 6.21 mmol) was stirred
at 85°C for 1 h. Subsequently, a solution of di@ (0.60 g, 2.07 mmol) and dichlorid® (0.67

g, 2.07 mmol) in dry acetonitrile (150 mL) were adddropwise over a period of 9 h. The
mixture was chromatographed on a Sglumn to give the title compourzD as a colorless
solid (0.56 g, 50%)*H, **C NMR resonances, IR absorptions and mass spedtonea were
in good agreement with that reported in the litenat
2,3,13,14,24,25-Hexakis(bromomethyl)-6,7,9,10,17,28,21,28,29,31,32-dodecahydrotri-
benzop,k,t][1,4,7,10,13,16,19,22,25]nonaoxacycloheptacosin 12 Compound 21 was
synthesized following the method used for the sgsithof the tethet6. A mixture of the nona-
oxacycloheptacosin20 (0.50 g, 0.92 mmolp-formaldehyde (1.30 g, 41.40 mmol), sulfuric acid
(50.0 mL, 920.00 mmol) and NaBr (6.26 g, 60.72 mre6l0) were dissolvenh dry acetic acid
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(250 mL) to give the title compouril as a light brown solid (0.80 g, 80%). mp 185-188IR

(NaCl, evap. film,vma, cmi’): 3406, 2929, 2873, 1602, 1522, 1452, 1355, 12238, 1195,
1125, 1083, 1051, 955, 901, 870, 754, 78BNMR (500 MHz, CDC}4, 25°C): oy 3.91 (14, t,

3J4.5 Hz, ArOCHCH,), 4.14 (1H, t,%) 4.5 Hz, ArO®,), 4.56 (1H, s, ArCH,Br), 6.86 (61, s,

Ar H); 3C NMR (125 MHz, CDGJ, 25°C): 6c 30.5 (6C, AEHBr), 69.4 (6C, ArOCHCH),),

70.0 (6C, ArCCH,CHy), 116.8 (6C, AE-H), 129.7 (6C, AE-0), 149.4 (6C, AE-0); UV/vis

(CHCl) nmimax 241 (49929), 273 (22425Ydm’mol‘cm®; HRMS (MALDI-TOF, positive

mode, HCCA matrix):m/z calcd for GgHa209("*Br)s(*'Br)sNa [M+Na]" 1120.7765; found
1120.7714.
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