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Abstract. We report the synthesis of a series of new hydroinany rotaxane syntheses. The macrocycles synthesized here
carbon macrocycles. Following the dithia-phane route, fourare supposed to be uselful as wheels irslippingapproach

large rings3—6 of the cyclophane type containing different to rotaxanes to further establish a reference system for the
numbers of ring atoms were prepared confirming the generalavity size of cyclic compounds by comparing them to cer-
applicability of this route compared to alternative macrocy-tain complemenatry blocking groups. The x-ray data obtained
clizations. Cycle8 is the hydrocarbon analogue to the tetra-of the macrocycle8, 5, and6 reveal the cavity shape and
lactam and the sulfone amide macrocydeand? used in  size in solid state.

Besides bylipping[1], threading[2], and recently also deslippinginvestigations. The first to carry out system-
by trapping[3] a wide range of rotaxanes has been ob-atic studies waslarrison in 1972 who employed cy-
tainedvia theslippingmethod [4, 5]. As no templating cloalkanes of different sizes as wheels [4a,b]. The re-
interactions are required for a thermally promatiggt  sults from these investigations can be used as a refer-
ping of the wheels onto the axle, only the steric com-ence system for comparing macrocycles of different
patibility of the macrocyclic cavity and the size of the structures by rotaxaning them and relating the match-
blocking group (stopper) is vital for a successful rotax-ing blocking group to the corresponding cycloalkane
ane synthesis. Hence, rotaxanes with pure hydrocarbdba]. When employed islipping syntheses, new hy-
axles [4e, 5b,d,e] have become accessible by means dfocarbon macrocycles will help to study size comple-
this method. Particularly simple and still very effective mentarities as well as the effect of small changes in more
is theslipping procedure in the melt [5], in which the detail and, thus, enhance the reference system. Further-
preformed components — axle and wheel — are heated taore, hydrocarbons have the advantage over amide-
about 350 °C for one minute. Therefore, this methodased macrocycles of being more stable to oxidation
has been employed to examine the size complementaprocesses which can occur during the slipping in the
ty of several pairs of macrocycles and stoppers [Sb—dmelt.

Slippingand subsequedeslippingexperiments allowed Remarkably, hydrocarbon macrocycles which fulfill

to determine sterically matching pairs of wheels andhe above mentioned requirements for being used as ro-
blocking groups and, thus, to infer the actual size of theéaxane wheels can rarely be found in the literature, i.e.,
macrocyclic cavity. Although modern computer calcu-wheel type macrocycles with around 32 ring member
lations have very much improved during the last yearsatoms — partly rigid and partly flexible — are not well
predictions of the compatibility of certain elements still known hitherto.

seem to be difficult due to the size and complexity of

supramolecular structures. Even the effective cavity size

and shape depends on many factors, such as the con$Riesults and Discussion

tution of the ring-forming elements [4f—g, 6], the con-

formation at a specific temperature [4c,d] the solvationSince the tetralactam macrocytheas found to be com-
and other effects [2d], so that it is hard to prognosticateplementary to the 3,5-dert-butylbenzene stopper,
Thus, reliable data on the cavity size still have to bevhereas the corresponding sulfonamide cgateeds
obtained from experimental studies, suchslgsping the larger blocking group-tritylbenzene to form ro-
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taxanes stable towards deslipping at room temperature,

we developed a hydrocarbon macroc;B:Whlch is an

analogue to those cycles (Fig. 1), i.e. it possesses the

same number of carbon ring members (32) ard2,

and contains rigid phenylene units as well as erX|bIe O Q
alkyl bridges units.

Oy 5 O C O
oo Q e O
1: R = C(CHg3)3, X=CO 3 Q Q O

ZZRZH,X:SOQ

5 6

Fig. 1 The tetralactame and sulfonamide macrocytlesd

2 and their hydrocarbon analogde Fig. 2 New hydrocarbon macrocycl@s-6 prepared by the
same synthetic route. The numbers given in the centers of the
molecules indicate the number of ring members which de-
scribe the cavity.

Furthermore, cyclophane macrocycles of smaller and

larger ring size should be synthesized in order to cover

a wider range of cavity sizes. Thus, a synthetic route is The ethyl phosphonate compon@ntas the same in

preferred which gives the possibility of obtaining manyall Wadsworth-Emmonactions performed here and

macrocycles by an analogous way. Like in the prepargprovided with an ester function which can easily be
tion of the tetralactam cycle according to Hunter [7]transformed into a bromide function required for a sul-
and Vogtle [2h]it seemed favorable to synthesize anfide cyclization. It was prepared in 68% yield starting
elongated building block first and to couple it with an-from 3-methylbenzoic acid7@) via 7b and7c, subse-

other unit to give the cyclic molecule, rather than tryingquent NBS bromination to give the bromomethyl com-

a one-step cyclization which generally leads to varioupound8 and treatment with triethylphosphonate (Sche-

cyclic and acyclic by-products. As the macrocycliza-me 1).

tion reaction is the most limiting factor in the course of

the synthesis, the well-known sulfide cyclization [8] was

chosen which was introduced and very often applied in

cyclophane chemistry [9] and usually lead to even o _Nes ” _POCHss Pee
strained products in good vyields. In thig ®action, CCla

two bromomethyl functions are attached to two thiol R cocalte cocalts
functions in the presence of an alkali metal base result- C7a: R = COOH 8 9

ing in the macrocyclic dithia compound. o C b:Rr=coci

Hence, by reacting the same elongated bromide build- = © - R=c0:Cas
ing block with different thiols different macrocycles can
be formed. If varied elongated bromides are employed$cheme 1Preparation of intermediates a: SQCI
a whole range of cyclic products can be obtained.  b: GH:OH

Here, we describe the synthesis of four hydrocarbon
macrocycles8-6, which have been prepared following
the same synthetic route. These cyclic compoGrds The aldehyde0-12were coupled to the phospho-
depicted in Fig. 2 can be regarded as examples for @ate yielding the elongated ester-functionalized build-
series of cyclophane-type macrocycles — and hence hyag blocks13-15 (Scheme 2). After catalytically hy-
drocarbon wheels — and prove the general applicabilitgrogenation of the double bonds, which were found to
of this synthetic route. be disturbing in the course of the synthesis [10], to give
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Scheme 2 Synthesis and functionalization of the elongated building bla2k24

the compoundd46-18 in 79-95% vyield, the ester bis(acetoxymethyl) compound [11] led to lower yields
groups were reduced to hydroxymethyl moieties usingind less pure bromides.

lithium aluminium hydride (LAH) to yield compounds  In the sulfide cyclization reaction, several combina-
19-21 (84—97%). Bromination with phosphorous tri- tions of the bromomethyl compoun@8-24 and the
bromide afforded the corresponding bromomethyl comthioles25—-28 were reacted in the presence of caesium
pounds22—24 (yield 21—-73%). In contrast, a different carbonate [12] and potassiuert-butoxide under dilu-
route for converting diesters into bromideis the  tion conditions [13]. After column-chromatographic

Cs,CO3
KtOBu
SH HS EtOH/benzene O O
+

Q. 22 ‘ ‘ 2 " 29 (22%) | — ‘ —

O - - 23 D - ‘l 26 — |30@e%) | —
@ 24 $27 — — | 31(a4%)

L 28 XL |32 44wy | — —

Scheme 3 Macrocyclization reactions
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work-up, the resulting dithia compoun28—32 could  substances were pyrolysed using a ring oven apparatus
be isolated in yields between 22—44% (Scheme 3). [17c,d] at 600 °C and 4—5x30mbar. Although involv-

To remove the sulfur atoms from dithia cycles severing one additional step, the oxidation of the dithia com-
al reactions have proven to be useful [14], two of whichpounds with hydrogenperoxide in glacial acetic acid and
were employed in the course of these syntheses (scherhenzene [18] the overall yield of desulfurization (oxi-
4). Photochemical sulfur extrusion discovered by Co-dation followed by pyrolysis) was 69, 37, and 60% for
rey and Block [15] was applied to dithia compoundsthe dithia compound®9, 30, and31, respectively, and
29-33. While 32 was successfully converted into hy- hence, higher as compared to that of the photochemical
drocarbon macrocyclé in 18% yield by irradiating a sulfur extrusion reaction of compouBa.
solution of the substance in trimethylphosphite with UV The x-ray crystal structures [19] could be solved for
light for 20 hours, the equivalent desulfurization of thethree of the macrocycles. Single crystal8 ahd5 were
other ones did not succeed. Synthesizing various [2.2]cygrown by solvent diffusion of methanol into dichlo-
clophanes Misumet al also observed that for some romethane, the ones®by slow evaporation of trichlo-
cyclophanes the photochemical pathway failed, whereromethane. The crystallographic data are given in Tab-
as the pyrolysis method afforded the desired hydrocale 1.
bons [16]. Similarly, the hydrocarb@8ras well agl and The crystal strucure of macrocydeeveals a large
5 could be achieved by sulfone pyrolysis [8a, 17] of thecavity which is not — unlike the cavities of tetralactame
corresponding sulfon&8—35. During the oxidation of macrocycles [7, 20] — of a regular shape (Fig. 3). While
dithia cycle32 many side products were, however, in vertical direction it is narrow (smallest C—C distance:
formed preventing a subsequent pyrolysis, as all sul4.4 A), in horizontal direction is comparatively broad
fones are very difficult to purify owing to their poor (longest C—C distance: 15.6 A). This is probably due to
solubility. Amounts of up to 0.1 mmol of the sulfone the missing cyclohexylidene moieties which in the

Photochemical Sulfur Extrusion

She o0

P(OCHg)3

) ) —
B —
o QY § )
S S

Y o

32 6 (18%)

Oxidation Followed by Sulfone Pyrolysis

H,0, 600 °C
O O AcOH/benzene O O 5 x 10”° mbar O O
76-98% 48-84%
S S SO, 0,S

R N -

o0 . oo, Jol
30

33 (82%)| — —

Lo L.

3@a%) | — —

— | 34@76%)| — — 5 (48%) —

21280
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2l2lEM

31 — — 35 (98%) — — 4 (61%)

Scheme 4 Desulfurization reactions
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Table 1 X-ray data of the macrocycl8&s5, and6
Compound 3 5 6
Empirical formula GeHaa Ca4Hao Ca1Hao
Molecular weight 596.81 568.76 534.75
Wavelenght/A 0.71073 (MoK 0.71073 (Moky) 0.71073 (Moky)
Crystal system orthorhombic monoclinic monoclinic
Space group R2,2; (No0.19) P 2/c (No. 14) P2 (No. 4)
alA 6.1265(4) 14.9078(5) 13.2137(3)
b/A 18.8806(16) 16.9439(5) 17.1741(6)
c/A 28.773(3) 6.2211(2) 14.6429(5)
Bre B=90° 99.562(2) 111.072(2)
Volume/A3 3328.2(5) 1549.59(9) 3100.75(17)
Z 4 2 4
Deaic/mg nr3 1.101 1.219 1.145
p/mnrl 0.067 0.069 0.064
F(000) 1280 608 1152
Crystal size/mm 0.25 x 0.05 x 0.03 0.30 x 0.10 x 0.05 0.40 x 0.30 x 0.20
B range for data collection/° 1.78 to 25.00 2.77 - 28.26 2.85-28.32
Limiting indices —7<h<b,-14<k< 22, -1%<h<19,-2x k<22, -17<h<17,-2ZXk
—-34<1 <27 -8<1<8 <22,-1%1<19
Reflections collected 13473 30575 57673
Rint 0.1620 0.0369 0.0553
No. of unique reflections 5637 3831 15262
Absortion correction none none none
Data/restraints/parameters: 5637/0/415 3831/0/199 15262/1/743
Goodness-of-fit oiff2 0.896 1.082 0.909
Final R indices [I > 2(1)] R1=0.0840, R=0.0379, R =0.0430,
wR; =0.1413 wR =0.0999 wR =0.0711
R indices (all data) R=0.2004, R =0.0503, R=0.0775,
wR,; =0.1788 wR =0.1051 wR =0.0776

Largest diff. peak and hole/eA

0.250 and — 0.250

0.224 and — 0.191

0.145 and - 0.207

tetralactam cycld force the diphenylmethylane units number of ring atoms, in this cag6é (Fig. 3). While
to take up a different conformation resulting in a morecycle 5 puts up a cavity which is relatively large and

rigid, “open” cavity.

Comparing the crystal structures®and6 it must

well accessible — at least in solid state —, the effective

cavity of macrocyclé turns out to be much smaller,
be noted that the cavity shape and size can differ trdsecause of the methyl-substituted phenylene unit fold-
mendously, even if both macrocycles are constructedd into the cycle. These observations will certainly have

from similar building blocks and contain the sameto be taken into account intending to use such rings as
wheels for rotaxanes.

Fig. 3 Crystal-structure analysis 8f
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Fig. 5 Crystal-structure analysis 6f

Historically, medium-sized and many-membered hy-Experimental
drocarbon rings have always been considered as being 3
difficult to obtain. This work demonstrates that macro-General Solvents were purified by standard methods and
cyclic hydrocarbons suitable for wheels are well accesd“?rdl_g ”I\e/lcesiar_?{- Rea?zgt; were U?,ed in Cgmﬂsrl(?'i: quali-
sible in reasonable yields. ty. TLC: Mercksilica ge 4 Visualization by UVlight.
Although first orientational experiments to form ro- HPTLC: Merck silica gel 60 J, visualization by UV light.

) . Column chromatography: Merck silica gel 60 (40—63 pm,
taxanes by melting the mac_rocycl:és_6 in the pres- .. 63—100 pm). Melting points: Kofler hot stage (Reichert); un-
ence of hydrocarbon axles with blocking groups of dif-cqrected 1H and3C NMR: AM-250 ¢H: 250 MHz, 5C:

ferent sizes_ have not led to sufficient amounts of the2.9 MHz) and AM-400'H: 400 MHz,13C: 100.64 MHz) of
corresponding rotaxanes so far, we will continue toBruker Analytische MeRtechnik GmbH, Karlsruhe, Germa-
search for matching blocking groups in order to enhancey, with solvent signals as reference. EI-MS: A.EI8-50,
the reference system for cavity and complementary stojManchester, Great Britain. FAB-MS: Concept 1H, Kratos
per sizes. Analytical Ltd., Manchester, Great Britain; matrixeni-
trobenzyl alcoholr-NBA). MALDI-TOF-MS: MALDI-Tof-
We would like to thank E. Kujala and Dr. M. Lamsé for pre- Spec-E, Micromasddanchester, Great Britain; matrix: 9-ni-
parative work as well as Dr. C. Reuter and Dr. C. Schalley fofroanthracene (9-NA) or 2,5-dihydroxybenzoic acid (2,5-
helpful discussion. DHB). X-ray structure analyses: Nonius-KappaCCD, Delft,
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The Netherlands. Elemental analyses were performed by th@, 4Jcp = 1.9 Hz, G), 132.24 (d2)cp = 9.8 Hz, G, 3-C,),
Microanalytical Department of the Kekulé-Institut fiir Orga- 134.29 (d2Jcp = 5.9 Hz, @), 166.49 (s, C=0). — MS (El):
nische Chemie und Biochemie, University of Bonn. m/z (%) = 300 ([M}, 70), 271 ([M—GHg]*, 18), 255 ([M—
The following compounds were prepared according to theOCHs]*, 59), 226 (74), 198 (30), 164 ([M—PO(GHs),]*,
literature methods cited: aldehydes 10 [21, 22], 11 [19], thio53), 135 (31), 118 (100), 90 (49), 65 (7).

les 25-28 [23] C14H2105P (30029)

3-Methyl ethyl benzoatg'c) Wadsworth-Emmons Reaction (General Procedure)

A mixture of 3-methylbenzoic acid§) (44.9 g, 0.33 mol), .
; . (3-Methylene diethyl phosphonate)ethyl benzo&g (
thionyl chloride (80 mL, 164.0 g, 1.28 mol) and a few drops(6_Ol g, 20 mmol), sodium hydride (60% in oil) (0.84 g,

of N,N-dimethyl formamide are heated under reflux for 2h. 21 mmol), and bisaldehyde)—12 (2.24 g, 10 mmol) were

After cooling to room temperature, the excess thionyl Chlo'added to dry 1,2-dimethoxyethane (40 mL). The mixture is

ride is removedn vacuoand the acid chloride is purified by ; oo

o ) _ heated slowly to 85 °C with stirring. At 75—85 °C the evolu-
distillation (GC-MS (El):m/z (%) = 156/154 ([M}, 5/12), . A
119 ([M—CH?*, 100), 91 (86), 65 (35)). Under ice cooling tion of hydrogen and the appearance of a brown, semi-solid

ethanol (200 mL) is added to 3-methylbenzoic acid chlorid recipitate is observed. The solution is refluxed_ for half an
(7b) (49.6 g, 0.32 mol), and it is refluxed for three hoursﬁ?our’ CfOOIed to.rcIJg.m teTpﬁr%ture and taken up 'Ea large ex-
Then the excess alcohol is distilled off. Yield 51.5 g (95%),Ce.SS of water yie :jng .ah'g. thlrown pLempltate. i Ie.reactlon
colourless liquid. 2H NMR (250 MHz, CDCY): dppm = Tl);]ture |I§dgxtractel with dichloromet farr:e several times un-
1.38 (.30 = 7.1 Hz, 3H, CHCH), 2.39 (s, 3H, Ar-Ch), til the solid is dissolved. After drying of the combined organ-

HH ™ 3 _ ic layers over magnesium sulfate, the solvent is evaporated.
4.36 (0,3Jyy = 7.1 Hz, 2H, OCH), 7.30 (pt 3y = 6.5 Hz,
1H, 5-H,); 7.31 (d? =6. - . 3 = . .
6.6 Szl_%ﬁ" 6:-3|ér)(,d 7%H§| (561|E—3|H22|5H_1%C|5l‘,3”\; R8(46(2d_’9‘3|\'jﬁ'_|21 4,4'-Bis[3-(E)-(ethoxycarbonyl)phenyl-2-ethenyl] diphenyl-
CDCly): dppm = 14.30 (CHCH,), 21.23 (A—CH), 60.84 ~Methang(13)
(OCHp), 126.62 (6-C), 128.17 (5-C), 130.01 (2-C), 130.36 pyification of the residue by column chromatography (silica
(1-C), 1:_”3-52 (4-C), ,1:_”8-040(3'@7 166.80 (COOLH GC- gel 60, trichloromethane/petroleum ether = 10/1). Yield
MS (F')- R =4.20 mm,m/z(/o) =164 (M, 19), 1f'9 (M= 290 g (56%), colourless solidy.p. 115 °C. —'H NMR
CHy|", 7), 136 ([M-GH,]", 15), 119 ([M-GHsO]", 100), (400 MHz, CDC}): &ppm = 1.42 (t3),, = 7.14 Hz, 6H,
91(64), 65 (17). GoH170,(164.20). CH,CHa), 4.01 (s, 2H, ArCHAT), 4.41 (q3Jn = 7.1 Hz, 4H,
(3-Methylene diethyl phosphonate)ethyl benz(@te %_' %C;'f_') |7_é|0f‘c)) (g ;Jf”(g %ﬁf_Hg ’12:::’2 Hﬂl 7Al§ (i’s.‘JHH)_

) ’ ef/y (- ’ - O ’ » M\ ~“Har/

After the addition oN-bromosuccinimide (7.48 g, 42 mmol) 7.42 (pt3Jyy= 7.7 Hz, 2H, H), 7.47 (d3Jyy = 8.1 Hz, 4H,
and a spatula-point of azobisisobutyronitrile to a solution of8-H,,, B'-H,), 7.67 (d3Jyy= 7.8 Hz, 2H, H), 7.92 (d 33,y
3-methyl ethyl benzoat&€) (6.59 g, 40mmol) in tetrachlo- =7.8 Hz, 2H, H)), 8.19 (s, 2H, H). —13C NMR (100 MHz,
romethane (100 mL) the mixture is heated under reflux and€CDCls): d/ppm = 14.40 (CHCHj), 41.48 (ArCHAr), 61.12
irradiation by a 500 W lamp for 2h. It is cooled to room tem-(CH,CH,), 126.85 (B—G, B'-C,), 127.14, 127.45, 128.43
perature and the solid is filtered. The solvent is removed fronfC,), 128.71, 129.36 (£), 129.60, 130.62 (£), 130.95,
the filtrate under reduced pressure. A brown oil remains whicl135.01, 137.72, 140.87 (), 166.61 (C=0). — MS (EI):
is used without any further purification (GC-MS (EW/z  m/z(%) = 516 ([M], 100), 487 ([M—GHs]*, 12), 471 ([M—
(%) = 242/244 ([Mi, 7/8), 197/199 ([M-GHsO]*, 12/10), OC,Hg]*, 6), 442 (3), 370 (5), 258 (6).36H5,0, (516.63).
169/171 ([M—COOGH4]*, 5/5), 163 ([M—-Br}, 100), 135
(IM—Br—C,H,J*, 18), 119 (29), 90 (21), 89 (18), 63 (8)). The 4,4'-Bis[3-(E)-(ethoxycarbonyl)phenyl-2-ethenyl] biphenyl
crude 3-bromomethyl ethyl benzoa8® (3.58 g) and triethyl-  (14)
phosphite (5.2 mL, 30 mmol) are heated under reflux for four
hours. Then the excess triethylphosphite is removed by did?urification of the residue by column chromatography (silica
tillation under reduced pressure. The remaining brown oil igJel 60, trichloromethane/petroleum ether = 6/1). Yield 2.21 g
purified by column chromatography (silica gel 60, dichlo- (44%), colourless solidn.p. 97 °C. —'H NMR (400 MHz,
romethane/methanol = 30/1). Yield 17.3 g (72%), yellowish(CDgs)i 5/7prm = iﬂm éiéw )= ;-leHé,ggiH, Clbecg% 4-245
oil. - 1H NMR (250 MHZ, CDC ): qQ,"dun = 1. Z, ’ 3/ - v IHH = . Z, ’
dppm = 1.23 (t3Jyy = 7.1 Hz, 6H, POCKCH,), 1.36£(t, Hoie), 729 (23 = 16.3 Hz, 2H, Hey), 7.42-7.51 (m, 4H,
3344 = 7.1 Hz, 3H, COCKCHy), 3.17 (d2Jpy=21.5Hz, 2H, Ha), 7.55 (d3Jyy = 8.4 Hz, 2H, H), 7.56 (d3Jyy = 8.1 Hz,
PCH,), 4.00 (dq,3Jpy = 7.3 Hz,3Jyy = 7.4 Hz, 4H, 2H,Hy), 7.72 (d3yy = 7.6 Hz, 2H, H)), 7.78 (s, 2H, i),
POCH,CHj), 4.34 (933 = 7.1 Hz, 2H, COCKCHy), 7.36  7-96 (d3Jyy = 7.9 Hz, 2H, H), 8.24 (s, 2H, ). -3C NMR
(pt, 33y = 7.6 Hz, 1H, 5-), 7.49 (d3Jyy = 6.4 Hz, 1H, 4- (100 MHz, CDC§): d/ppm = 14.41 (CHCH;), 61.13
H,), 7.91 (d3Jy = 7.7 Hz, 1H, 6-H), 7.93 (s, 1H, 25,. —  (CHCHg), 125,58, 125.71, 126.87, 127.58, 128.10, 128.65
13C NMR (62.9 MHz, CDG)): dppm = 14.43 (s, COCH  (Ca), 128.77, 129.24 (&), 129.71, 130.75 (§), 131.03,
CHy), 16.45 (d3Jcp= 5.9 Hz, POCHCH;), 33.69 (d1J)cp = 137.53, 137.57, 141.56 (), 166.65 (C=0). — MS (EI):
138.8 Hz, PCH), 61.14 (COCHCH,), 62.35 (d,2Jcp =  M/z(%) = 502 ([M}, 52), 457 ([M-OGH:]*, 4), 412 (M-
6.9 Hz, POCHCH,), 128.24 (d3Jcp= 2.9 Hz, G), 128.68  20GH:]", 4), 400 (45), 386 (88), 342 (18), 311 (100), 265
(d,3Jcp=2.9 Hz, G), 130.86 (d4Jcp= 1.9 Hz, G), 130.94  (16), 253 (35), 239 (20). £H3004 (502.60).
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1,3-Bis[3-(E)-(ethoxycarbonyl)phenyl-2-ethenyl] benzeneCH,CH,), 6.97 (s, 1H, H), 7.02 (d3Jy4 = 7.3 Hz, 2H, H),

(15

Purification of the residue by column chromatography (silica

7.21 (t33y = 7.3 Hz, 1H, H), 7.30—7.39 (M, 4H, §), 7.85—
7.94 (m, 4H, H). —13C NMR (100 MHz, CDGCJ): dppm =
14.48 (CHCH,), 37.89 (ArCHCH,Ar), 61.04 (CHCH),

gel 60, dichloromethane/cyclohexane = 5/1). Yield 1.87 9126 29 12732 128.41 128.55. 128 83)(129.22 (Ga)
. y . y . y . 3y . . ar/s

(44%), colourless soliatn.p. 81-83 °C. 1H NMR (250 MHz,
CDCL): dppm = 1.44 (t3J,y, = 7.11 Hz, 6H, CHCH), 4.43
(9, 3y = 7.2 Hz, 4H, CHCH), 7.21 (s, 4H, bey), 7.35—
7.50 (m, 3H, H), 7.45 (pt3Jyy = 7.6, 2H, H), 7.69 (s, 1H,
Hap), 7.72 (d3Jyy = 8.3 Hz, 2H, H), 7.96 (&) = 7.3, 2H,
Ha), 8.23 (s, 2H, H). — 13C NMR (62.9 MHz, CDC)):
dppm = 14.53 (CKCH;), 61.09 (CHCH,), 125.04, 126.25,
127.66, 128.17, 128.74 {f; 128.85, 129.22 (L7, 129.66
(Ca), 130.80, 131.10, 137.52, 137.61,43, 166.64 (C=0).
— MS (El): m/z (%) = 426 (M}, 100), 381 ([M—OGH]*,
14), 351 (16), 279 (20), 203 (22)4B,604 (426.50).

Catalytic Hydrogenation (General Procedure)

The palladium catalyst (10% Pd on activated carbon)g

(0.90 g) was added to a solution of the ethenyl derivative

129.64, 133.19 (Q), 141.52, 142.13 (), 166.89 (C=0).

Reduction (General Procedure)

Lithium aluminium hydride (0.52 g, 13.25 mmol) is suspended
in dry tetrahydrofurane (50 mL). The bis(ethoxycarbonyl)
compoundL6-18 (5.0 mmol) is dissolved in dry tetrahydro-
furane (50 mL) and added dropwise to the suspension within
15 min. The mixture is stirred at room temperature for 1 h,
then heated under reflux for 7 h, cooled to room temperature
and stirred over night. After the addition of water (0.5 mL) it
is stirred for 1 h, then again water (5 mL) is added. A fine
recipitate is formed by a lithium—aluminium salt. Some drops
f an aqueous sodium hydroxide solution (15%) are added,

X . ; then the reaction mixture is filtered and washed with tetrahy-
15 (3 mmol) in toluene (150 mL) in a hydrogenation flask ofurane. The filtrate is dried over magnesium sulfate and

and shaken under hydrogen atmosphere (4—4.5 bar) at 40
for 7 h. Then the catalyst was removed by filtration over ceIiteL seezo\:\\//i?hnctlzfr;r?v?l?r%ldrerurﬁggact? gnpressure. The product was
and the solvent was evaporatedriacuo y P '

4,4'-Bis[3-(ethoxycarbonyl)phenyl-2-ethanyl] diphenylmeth- 4,4'-Bis[3-(hydroxymethyl)phenyl-2-ethanyl] diphenylmeth-

ane(16)

Yield 1.48 g (95%), first colourless oil, turned into a solid

after a few daysm.p. 46—-48 °C. -1H NMR (400 MHz,
CDCly): dppm =1.41 (t3Jyy = 7.1 Hz, 6H, CHCHy), 2.87—
3.01 (m, 8H, ArCHCH,Ar), 3.94 (s, 2H, ArCHAr), 4.39 (q,
33w = 7.1 Hz, CHCHy), 7.12 (s, 8H, A-H}, Anar, B-Hay, B'-
Ha), 7.32—7.37 (m, 4H, §), 7.87-7.93 (m, 4H, &). —
13C NMR (100 MHz, CDCJ): dppm = 14.40 (CHCH,),
37.41, 37.77 (ArCHCH,Ar), 41.17 (ArCHAr), 60.97
(CH,CH,), 127.24, 128.34, 128.54, 128.95, 129.52))(C
130.57 (Ga), 133.08 (G), 138.99, 139.08, 142.11 {3,
166.82 (C=0). — MS (EIm/z(%) = 521 ([M+HY, 46), 475
(IM=OC,Hg]*, 100), 429 ([M—2 OgH:]*, 20), 313 (48), 223
(83), 193 (49). GsH360, (520.66).

3,3'-Bis[3-(ethoxycarbonyl)phenyl-2-ethanyl] biphefiyl)

Yield 1.39 g (92%), colourless oil. *H NMR (400 MHz,
CDCly): dppm = 1.41 (t2J4y = 7.1 Hz, 6H, CHCHy), 3.03
(s, 8H, ArCHCH,AT), 4.39 (0,33 = 7.1 Hz, 4H, CHCHy),
7.18 (d 334y = 7.4 Hz, 2H, H}), 7.34—7.40 (m, 6H, |, 7.39
(s, 2H, Hy), 7.42 (d33y = 7.9 Hz, 2H, H), 7.92 (d3J, =
7.1 Hz, 2H, H), 7.95 (s, 2H, H). —13C NMR (100 MHz,
CDCly): dlppm = 14.39 (CHCHy), 37.83, 37.93 (ArCH

CH,AT), 60.98 (CHCH), 125.00, 127.31, 127.42, 127.47,

128.39, 128.83, 129.62 {f; 130.63 (G,a), 133.12 (),
141.40, 141.81 , 141.99 ), 166 80 (C=0). — MS (El):
m/z (%) = 506 ([MF, 48), 460 (M+H-OGHS]*, 100), 415
(9), 299 (85), 180 (15). GH340, (506.63).

1,3-Bis[3-(ethoxycarbonyl)phenyl-2-ethanyl] benzér®

Yield 1.02 g (79%), colourless oil. *H NMR (400 MHz,
CDCly): dlppm = 1.40 (8 = 7.11 Hz, 6H, ChCH,), 2.84—
3.00 (s, br, 8H, ArCKHCH,Ar), 4.38 (0,334 = 7.1 Hz, 4H,
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ane(19)

Yield 2.07 g (95%), colourless solidy.p. 94—-96 °C. —
IH NMR (250 MHz, GDgO): d/ppm = 2.86 (s, br, 8H,
ArCH,CH,Ar), 3.89 (s, 2H, ArCHAr), 4.09 (t,3Jy = 5.7
Hz, 2H, OH), 4.53 (d3J,,4 = 5.7 Hz, 4H, CHOH), 6.98—
7.25 (m, 16H, all H). — 13C NMR (62.9 MHz, GDgO):
dppm = 38.79, 39.24 (ArCHCH,Ar), 42.07 (ArCHAr),
65.09 (CHOH), 124.94,127.47,127.69, 128.89J(129.35
(B=C,, B'=GC,), 129.77 (A-G, A'=C,), 140.13, 140.62,
142.78, 144.08 (G.). — MS (FAB):m/z(%) = 435 ([M-HT,
43), 418 ([M-HO]J*, 63), 401 (88), 193 (100).

C3;H3,0, (436.58).

3,3"-Bis[3-(hydroxymethyl)phenyl-2-ethanyl] biphe(30)

Yield 1.77 g (84%), colourless solidy.p. 75-76 °C. —
IH NMR (400 MHz, GDgO): d/ppm = 2.95 (s, br, 8H,
ArCH,CH,AT), 4.16 (t,3J, = 5.8 Hz, 2H, OH), 4.55 ()
=5.4 Hz, 4H, CHOH), 7.1 (d3J,, = 7.1 Hz, 2H, H), 7.14—
7.19 (m, 6H, H), 7.21 (pt3J, = 7.3 Hz, 2H, H), 7.30 (pt,
334 = 8.2 Hz, 2H, H), 7.40 (d3J. = 8.1 Hz, 2H, H), 7.41
(s, 2H, H,). —3C NMR (100 MHz, GDgO): dppm = 39.11,
39.13 (ArCHCH,Ar), 64.92 (CHOH), 124.84, 125.41,
127.40, 127.65, 128.08, 128.11, 128.78, 129.40,(T12.27,
142.55, 143.30, 143.95%). — MS (El):m/z(%) = 422 (M,
8), 404 ([M-HOJ*, 100), 386 ([M—2HOJ*, 13), 299 (72),
181 (29), 165 (16), 121 (27), 105 (51), 91 (11).

CaoH300; (422.56).

1,3-Bis[3-(hydroxymethyl)phenyl-2-ethanyl] benzéxg

Yield 1.68 g (97%), colourless solidy.p. 45—-48 °C. —
IH NMR (400 MHz, CDC}): d/ppm = 2.93 (br, 8H,
ArCH,CH,Ar), 4.71 (s, 4H, CHOH), 7.02 (s, 2H, H)), 7.05
(d, 33y = 7.6 Hz, 2H, H), 7.16 (d3Jyy = 7.4 Hz, 2H, H),

7.20-7.27 (m, 5H, k), 7.33 (t,3J4y = 7.5 Hz, 1H, H). —
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13C NMR (100 MHz, CDCY): d/ppm = 37.89, 37.95 126.69, 128.46,128.71,128.77, 128.83, 129.23,(€37.80,
(ArCH,CH,Ar), 65.37 (CHOH), 124.61, 126.09, 127.16, 141.59, 142.50 (G,). — MS (El):m/z (%) = 470/472/474
127.81, 128.33, 128.58, 128.75,()C140.91, 141.72, 142.22 ([M]*, 11/20/10), 391/393 ([M-Bt] 6/7), 311 ([M—2B,
(Cqan- — MS (FAB):m/z(%) = 347 (IM+HF, 9), 328 (M- 100), 287/289 (92/86), 207 ({gH14]*, 26), 183/185 (14/13),
H,Ol*, 47), 311 ([M—BO-OHJ", 100), 289 (65), 223 (22), 156 (19) 119 (22), 104 (37).,4,4Br, (472.26).
205 (26), 178 (41). £H-60, (346.46).

Sulfide Cyclization (General Procedure)

Bromination (General Procedure) The bis(bromomethyl) compour22—24 (3.0 mmol) and the

To the hydroxymethyl compountB-21 (3.0 mmol), sus- bis(mercaptomethyl) compour&b—28 (3.0 mmol) are dis-
pended in dry trichloromethane (150 mL), phosphorus tri-solved in a 1/1-mixture of ethanol/benzene (in 250 mL each).
bromide (1.45 mL, 15 mmol) is added. The mixture is stirredUnder inertgas atmosphere both solutions are added simulta-
at room temperature for 4 d. After the addition of waterneously to a refluxing suspension of caesium carbonate
(7 mL) itis stirred for 1 h to hydrolyse excessive phosphorug3.90 g, 12.0 mmol) and potassiuert-butoxide (0.78 g,
tribromide. The organic layer is separated and washed tw6.9 mmol) in ethanol/benzene (1/1) (600 mL) by means of a
times with a saturated sodium bicarbonate solution and wa2C-VP apparatus [17d] over a period of 8 h. After the addi-
ter. After drying over magnesium sulfate the solvent is retion being completed, it is refluxed for another 12 h. Then the
moved. reaction mixture is allowed to cool to room temperature, and
the solvent is evaporated. The residue is taken up in trichlo-
4,4'-Bis[3-(bromomethyl)phenyl-2-ethanyl] diphenylmethaneromethane. The suspension is washed with water several times
(22 to remove the inorganic salts. After drying of the organic lay-
Vield 1.23 g (73%), colourless solithp. 98 °C. —1H NMR er over magnesium sulfate, the solvent is evaporated under

(400 MHz, CDC}): dppm = 2.89 (s, br, 8H, ArCiH,Ar), reduced pressure.
3.93 (s, 2H, ArCHAr), 4.46 (s, 4H, CkBr), 7.06—7.15 (m,
10H, A-Hap A'-Hap B-Hay B-Hap 4-Hy), 7.18 (S, 2H, ). ciatetraconta[3,5,9,11,13(46),17,19,22,24,29,31,33(41),
7.20-7.29 (M, 4H, K. —°C NMR (100 MHz, CDG)):  oc'o0"2 075 1 47]octadecae(2d)

dppm = 33.75 (CHEBr), 37.38, 37.82 (ArCKCH,Ar), 41.18 ETEEE

(ArCH,Ar), 126.65, 128.55 (£), 128.64 (B-G;, B'-Cy), Purification of the residue by column chromatography (silica
128.80, 128.91 (&), 129.21 (A-G,, A'-C,), 137.73, 139.00, gel 60, cyclohexane/dichloromethane = 2/1). Yield 0.43 g
139.18, 142.48 (G.). — MS (El):m/z (%) = 560/562/564  (22%), colourless solidnp. 137 °C. *H NMR (400 MHz,
([M]*, 52/100/55), 481/483 ([M—Bf] 18/16), 401 ((M—2Br- CDCly): dppm = 2.89 (s, 8H, ArCsCH,Ar), 3.30 (s, 4H,
H]*, 35), 379 (22), 297 (98), 207 (42) 193 (85), 179 (38), 105ArCH,S), 3.47 (s, 4H, ArCE8), 3.56 (s, 2H, ArChhr), 3.94

[15,27]-Dithiaheptacyclo[34.2.235,217.20 222,25 19.13 129.33

(40), 91 (8). GH3Br, (562.38). (s, 2H, ArCHAr), 6.74 (s, 2H, H), 6.91 (s, 8H, H), 7.03 (d,
3344 =8.0 Hz, 4H, H), 7.08 (d3Jyy = 8.2 Hz, 6H, H), 7.16
3,3'-Bis[3-(bromomethyl)phenyl-2-ethanyl] biphe(38) (d, 34y = 7.6 Hz, 2H, H), 7.25 (pt3yy = 7.5 Hz, 2H, H).

— 13C NMR (100 MHz, CDCJ): d/ppm = 34.47, 35.21
Purification of the residue by column chromatography (silica(ArCH,CH,Ar), 36.87, 37.23 (ArCKS), 40.90, 41.14
gel 60, cyclohexane/dichloromethane = 2/1). Yield 0.41 g(ArCH,Ar), 126.50, 127.07, 128.63, 128.68, 129.00, 129.08,
(21%), colourless oil. 1H NMR (400 MHz, CDC}): dppm  129.18,129.87 (§), 135.92, 137.86, 138.79, 138.84, 139.78,
= 2.94 (s, br, 8H, ArCBCHRAT), 4.44 (s, 4H, CHBI), 7.11 141 33 (G,4). — MS (EI):m/z(%) = 660 ([M}', 85), 465 (62),
(d,3n =7.1Hz, 2H, H), 7.13 (A2 = 7.4 Hz, 2H, H), 433 (100), 329 (15), 226 (22), 194 (77), 179 (30), 119 (7),
7.18-7.27 (m, 6H, k), 7.29 (s, 2H, ), 7.31 (t33yn = 105 (33). GeHasS, (660.97).
7.5Hz, 2H, H), 7.37 (d3J4y = 7.7 Hz, 2H, H). —-13C NMR
(100 MHz, CDCY): dlppm = 33.75 (CEBr), 37.88, 37.90 [15 28]-Dithiaheptacyclo[35.3.126.19.13 117,21122,26 130,34
(ArCH,CHZAI), 124.97, 126.73, 127.39, 127.47, 128.74, hexatetraconta[1(40),2,4,6(46), 9,11,13(45),17,19,21(44),
128.80, 128.87, 129.264, 137.85, 141.37, 141.93, 142.39 22,24,26(43)30,32,34(42),37,39]octadecaé3®
(Cyan)- —MS (EI):m/z(%) = 546/548/550 ([M], 52/100/54), o , o
468/470 ([M=HBrT, 7/6), 387 ([M—2Br, 48), 363/365 (12/  Purification of the residue by column chromatography (silica
11), 283 (12), 194 (34), 179 (20), 165 (14), 119 (32), 1059¢€! 60, cyclohexane/dichloromethane = 2/1). — Yield 0.68 g

(34), 91 (8), 80 (10). §H.gBr, (548.35). (36%), colourless solidm.p. 130—133 °C. 4H-NMR
(400 MHz, CDC}): dppm =2.92 (s, 8H, ArCHCH,Ar), 3.41
1,3-Bis[3-(bromomethyl)phenyl-2-ethanyl] benz¢24) (s, 4H, ArCHS), 3.52 (s, 4H, ArCES), 6.93 (s, 2H, H),

7.04 (d3Jyy = 7.6 Hz, 2H, H), 7.14 (pt3Jyy = 7.6 Hz, 4H,
Purification of the residue by column chromatography (silicaHay), 7.18 (s, 2H, &), 7.24 (d3Jyy = 7.6 Hz, 2H, B), 7.27—
gel 60, cyclohexane/dichloromethane = 2/1). — Yield 1.01 ¢7.38 (m, 8H, H)), 7.41 (s, 2H, K, 7.46 (d,3Jyy = 7.6 Hz,
(71%), colourless solidn.p. 54 °C. —tH NMR (400 MHz,  2H, H,). — *3C-NMR (100 MHz, CDC}): d/ppm = 34.80,
CDCly): dlppm =2.91 (s, br, 8H, ArC})€H,Ar), 4.49 (s, 4H, 35.02 (ArCHCH,Ar), 38.02, 38.07 (ArCHS) , 124.97,
CH,Br), 6.98 (s, 1H, H), 7.04 (dd3J4y = 7.5 Hz,4Jyy =  125.73, 126.83, 127.27, 127.56, 127.65, 127.94, 128.28,
1.5 Hz, 2H, H), 7.13 (dt3J4y = 7.2 Hz A,y = 1.3 Hz, 2H, 128.82,128.89, 128.99, 129.82,{C138.06, 138.92, 141.04,
H.), 7.20—7.31 (m, 7H, ). —13C NMR (100 MHz, CDGJ):  141.28,141.59, 142.03 {&). — MS (El):m/z(%) = 632 ([MF,
d/ppm = 33.80 (CHBr), 37.78, 37.85 (ArChCH,Ar), 126.16,  100), 599 ([M-HS], 9), 451 (32), 419 (38), 388 (27), 315
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(10), 283 (8), 212 (20), 180 (30), 167 (19), 119 (13), 105H,), 6.99 (s, 1H, H), 7.05 (d2Jyy = 7.6 Hz, 6H, H), 7.12
(30). GiH40S, (632.92). (d, 33y = 7.4 Hz, 2H, ), 7.13 (pt3Jy = 7.4 Hz, 2H, H),
7.41 (s, 1H, H). —13C NMR (62.9 MHz, CDG)): dppm =
[10,23]-Dithiaheptacyclo[30.3.112:15218.21 14,8 117,21, 125,29 34.99, 36.84, 37.17, 37.61 (ArGEH,Ar), 40.92 (ArCHA),
dotetraconta[1(36),4,6,8(42),12,14,18,20,25,7,29(37),126.00, 126.30, 128.09, 128.69, 129.02, 129.85, 130.49,
32,34,38,40]pentadecae(@l) 132.17, 133.68 (), 137.28, 138.65, 139.06, 141.23, 141.35
(Cqan- — MS (EI):m/z(%) = 534 ([M}, 60), 279 (17), 193

Purification of the residue by column chromatography (silica
gel 60, cyclohexane/dichloromethane = 2/1). Yield 0.65 gggg é$7(3(g)1)’ 149 (100), 133 (60), 119 (20), 105 (25), 71

(44%),'colourleis solidn.p. 124 °C. *H NMR (400 MHz, CuHip- 0.5HO  Calcd.: C90.56 H 7.97
CDClg): dppm = 2.86 (s, 8H, ArCKCH,Ar), 2.98 (s, 4H, (534.77) Found: C90.91 H 7.80
ArCH,CH,Ar), 3.49 (s, 4H, ArCHS), 3.55 (s, 4H, ArCES), ' ' ' "
6.79 (s, 2H, ), 6.89 (s, 1H, ), 6.99 (d3Jyy = 7.9 Hz, 4H, I
H,), 7.03 (dd3J, = 7.5 HzAJy, = 1.5 Hz, 2H, 1), 7.00 (d,  OXidation (General Procedure)
3y = 7.9 Hz, 6H, H)), 7.23 (dd3Jyy = 7.3 Hz,%yy = The dithiacycle29—-31, 0.3 mmol) is dissolved or suspend-
1.7 Hz, 2H, H), 7.28 (pt,3Jyy = 7.5 Hz, 3H, H). — ed in benzene (1.5 mL) and glacial acetic acid (3.0 mL). 35%
13C NMR (100 MHz, CDCJ): dppm = 34.95, 35.27 Hydrogen peroxide (1.0 mL) is added and heated to 60—
(ArCH,CH,Ar), 37.32 , 37.80 (ArCk5), 126.14, 126.56, 80 °C for 6 h. Then water (5 mL) is added and the mixture
127.08, 128.46, 128.61, 128.86, 128.90, 128.97, 12957 (C stored at 4 °C overnight. The solid is filtered, washed with
135.44, 138.07, 139.90, 141.51.( (two signals have the water several times, dried vacuoand used without any fur-
samed). — MS (El):m/z (%) = 584 ([M}, 32), 551 ([M— ther purification.
HSJ*, 19), 519 (66), 375 (28), 343 (46), 311 (29), 207 (19),
136 (27), 119 (20), 104 (100), 91 (25)840S; (584.88). [15,27]-Tetraoxo-15,27-dithiaheptacyclo[34.2.2:6217.20
222,25 19.13 129,33 gctatetraconta[3,5,9,11,13(46),17,19,22,

1187,§P-Ztgi£nethyl-[15,23]-dithiahexacycI0[30-2.2'.@219*13. 24,29,31,33(41),36,38,39,42,44,47]octadeca@p
%7 29%37)9]:;12ntgeirggodrnotﬁ)[gﬁé%iét?%gg),17,19,21(38),25, Yield 178 mg (82%), colourless solit,p. 288 °C. -1H NMR

' T (400 MHz, (CD),S0): d/ppm = 2.80-3.00 (m, 8H,
Purification of the residue by column chromatography (silicaArCH,CH,Ar), 3.42 (s, 2H, ArCHAr), 3.79 (s, 4H,
gel 60, cyclohexane/dichloromethane = 2/1). Yield 0.80 gArCH,S0,), 3.93 (s, 2H, ArCBAr), 4.32 (s, 4H, ArCHSQ,),
(44%), colourless solidm.p. 172-172 °C. *H NMR 6.70 (d,3J,y = 7.6 Hz, 4H, H), 6.89 (d3J,y = 7.6 Hz, 4H,
(400 MHz, CDC}): d/ppm = 2.19 (s, 6H, Ch, 2.93 (s, br, H,), 6.97 (d3J, = 7.8 Hz, 4H, H), 7.02 (s, 2H, H), 7.18
8H, ArCH,CH,Ar), 3.29 (s, 4H, ArCHS), 3.37 (s, 4H, (d,3J4y = 7.0 Hz, 2H, H), 7.23 (d3J4y = 7.8 Hz, 4H, H),
ArCHZS)1 3.73 (S= 2H1 AI’CEAI’), 6.58 (S= 2H1 lall’)v 6.77 (Sr 7.26 (d,BJHH =78 HZ, 2H, Hl’)v 7.30 (pt,BJHH =75 HZ, 2H,
1H, H,), 6.87-6.99 (m, 9H, k), 7.12 (d3Jy = 7.3 Hz, 2H,  H,). —13C NMR (100 MHz, (CR3),SO): dppm = 35.33, 35.47
Ha), 7.21 (A3 = 7.8 Hz, 2H, H), 7.28 (pt3Jyy = 7.3 Hz,  (ArCH,CH,Ar), 40.68 (ArCHAT), 55.46, 58.36 (ArChB0,),
2H, Hy). —13C-NMR (100 MHz, CDCJ): dppm = 18.64 12523 (G,,), 128.31, 128.32, 128.61, 128.81, 128.87, 128.91
(CHy), 32.83, 35.79 (ArCEB), 37.64, 37.93 (ArCKCHAY),  (C,), 131.27 (Ga), 131.49 (G), 138.02, 139.13, 141.44,
41.14 (ArCHAr), 126.43, 127.17, 128.62, 128.71, 129.04, 141.74 (G,o). — MS (MALDI): m/z(%) = 763 ((M+KF, 8),
130.66, 131.69, 132.75, 133.11,0C135.81, 137.92 (), 747 ((M+Na}, 100). GeHasS,0, (724.97).
138.90 (Gy), 139.27, 141.24 (£,). — MS (El):m/z(%) =
598 ([M]*, 44), 583 ([M—CH]*, 3), 565 ([M-SI, 19), 533 ) ) it ,
(U-2ST 10) 465 (1) 435 (35, 00 (11) 195 (1), 178 L35 TEN 0K 10,26 dtniahentacyclolas 8 £1 |

(18), 163 (34), 133 (100), 119 (44), 105 (63), 91 (35). 13(45),17,19,21(44),22,24,26(43)30,32,34(42),37,39]octa-
CaiHasS, (598.90). decavndad
Photochemical Sulfur Extrusion Yield 159 mg (76%), slightly yellow solidn.p. 244 °C. —

1 . _
17,19-Dimethyl-hexacyclo[28.2.2:219:13 116.20123.2nona- AF:CNHMSH(?A?? I\A/fljg ((SC [?ﬁs?rggggz) 425889 ((SS' f: '
triconta[3,5,9,11,13(37),16,18,20(36),23,25,27(35),30,32, ArCH.S0,), 7.25 (d 33y, = 7.6 Hz, 4H. 1), 7.29 (5, 2H.

2 L » YHH . ’ y fdr), 1 ’ ’
33,38]pentadecaen(@) Hap), 7.34 (P33 = 7.4 Hz, 4H, H), 7.36 (d3J = 7.4 Hz,
Under inertgas atmosphere the dithiacy8®(299 mg,  2H, H), 7.42 (d,3J4y = 7.6 Hz, 4H, H), 7.52 (pt3Jyy =
0.5 mmol) is dissolved in trimethylphosphite (350 mL) and 7.6 Hz, 2H, H), 7.59 (s, 2H, ), 7.63 (s, 2H, &), 7.70 (d,
irradiated by a high-pressure mercury arc lamp (150 W) fofJdun = 8.0 Hz, 2H, i). —13C NMR (100 MHz, (CR),SO):
20 h. Then the trimethylphosphite is removed under reducedppm = 37.24, 37.39 (ArC}CH,Ar), 57.44, 57.91
pressure, and the residue is purified by column chromatogrd ArCH>SO,), 124.24, 126.74, 126.86, 127.39,§C127.61
phy (silica gel 60, cyclohexane/dichloromethane = 2/1). Yield(Cy.a), 128.48, 128.55, 128.81, 129.00,§129.03 (G,a),
48 mg (18%), colourless So||d]p 143—-145 °C. IH NMR 12926, 12951, 13046, 1312%10C13979, 14015, 14197,
(400 MHz, CDCJ): dlppm = 2.24 (s, 6H, C§), 2.84 (s, 8H, 142.20 (G,a). — MS (FAB):m/z(%) = 735 ([M+KT, 1), 719
ArCH,CH,Ar), 2.87-3.05 (m, 8H, ArCKCH,Ar), 4.02 (s, ([M+Na]*, 3), 697 ([M+HF, 5), 569 ([M-2S@*, 2).
2H, ArCH,AT), 6.57 (s, 2H, H), 6.89 (d3Jy, = 8.0 Hz, 4H,  C4H40S,04 (696.92).
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[10,23]-Tetraoxo-10,23-dithiaheptacyclo[30.3.1225
218,21 14.8 117,21 125.29dotetraconta[1(36),4,6,8(42),12,
14,18,20,25,27,29(37),32,34,38,40]pentadeca@bg

Yield 191 mg (98%), slightly yellow solidy.p. 238—240 °C.
—1H NMR (400 MHz, (CR),SO): dppm = 2.73-2.87 (m,
8H, ArCH,CH,Ar), 3.00 (s, 4H, ArCHCH,Ar), 4.17 (s, 4H,
ArCH,S0,), 4.30 (s, 4H, ArCKS50,), 6.89 (d3Jyy = 7.5 Hz,
2H, H,), 7.05 (s, 2H, K), 7.06 (t,3Jyy = 7.4 Hz, 1H, H),
7.07 (d,304y = 7.6 Hz, 4H, H), 7.13 (d 3Jyy = 8.4 Hz, 4H,
Ha), 7.20 (d3Jyy = 7.6 Hz, 2H, H), 7.23 (d3Jyy = 7.6 Hz,
2H, H,), 7.30 (pt3Jyy = 7.6 Hz, 2H, H), 7.37 (s, 1H, H).
—13C NMR (100 MHz, (CR),S0): dppm = 35.26, 36.73,
36.80 (ArCHCH,Ar), 56.62, 57.53 (ArCh50,), 125.45
(Cgran), 125.85, 127.90, 128.24 {; 128.33 (G.a), 128.38,
128.50, 128.60, 128.76, 130.65, 130.84)(@40.85, 140.97,
141.59 (Ga)- — MS (FAB):m/z (%) = 649 ([M+HF, 100),
520 ([M-2SQJ*, 38). GgH403,0, (648.88).

Pyrolysis (General Procedure) [17c]
The dithiatetroxide cycl83—-35 (0.1 mmol), placed at the

Hexacyclo[28.3.1.1:14217.2014.8 123.2nonatriconta[1(33),
4,6,8(39),11,13,17,19,23,25,27(34),30,32,35,37]pentade-
caene(b)

Yield 32 mg (61%), colourless solidh.p. 147—-149 °C. —
IH NMR (400 MHz, CDC}): dppm = 2.58-2.66 (m, 4H,
ArCH,CH,Ar), 2.68-2.77 (m, 4H, ArCKCH,Ar), 2.87 (s,
br, 8H, ArCH,CH,Ar), 2.89 (s, br, 4H, ArCKCH,Ar), 6.26
(S, 2H, F&r), 6.83 (d,sJHH =79 HZ, 4H, Hr), 7.00 (d,gJHH =
7.9 Hz, 4H, H)), 7.01 (d3Jyy = 7.4 Hz, 2H, H), 7.04-7.13
(m, 5H, H,), 7.24 (t3Jyy = 7.5 Hz, 1H, H), 7.25 (pt3Jyy =
7.5 Hz, 2H, H)). —13C NMR (100 MHz, CDCJ): d/ppm =
37.14, 37.52, 37.64, 37.89, 38.61 (Ar{HH,Ar), 125.38,
125.79, 126.14, 128.18, 128.21, 128.44, 128.83, 129.18,
129.90 (G, 138.54, 139.17, 141.00, 141.91(@. — MS
(EI): m/z(%) = 520 ([M], 100), 415 (18), 311 (24), 207 (27),
119 (17), 105 (41), 91 (10).

CaoHao Calcd.: C92.26 H7.74

(520.75) Found C 92.00 H 7.30.

bottom of a quartz tube (inside diameter 0.5cm), is sublimatReferences

ed at 250—350 °C and 5x®0nbar through a 600 °C pyroly-

sis zone. The product condenses at the glass wall behind thgj
pyrolysis zone. The crude product is extracted with dichlo-
romethane and purified by column chromatography (silica

gel 60, cyclohexane/dichloromethane = 2/1).

Heptacyclo[32.2.2.36,216.19 221,24 19.13 127.3]hexatetraconta

[3,5,9,11,13(44),16,18,21,23,27,29,31(39),34,36,37,40,42,

45]octadecaenéld)

Yield 50 mg (84%), colourless produot,p. 139-141°C. —
IH NMR (400 MHz, CDC)): dppm = 2.62-6.87 (m, 16H,
ArCH,CH,Ar), 3.88 (s, 4H, ArCHAr), 6.33 (s, 2H, H), 6.87
(d,33, = 8.2 Hz, 8H, H), 7.01 (d3J4y = 8.2 Hz, 12H, H),
7.21 (t,3Jyy = 7.6 Hz, 2H, H). —13C NMR (100 MHz,
CDCly): d/lppm = 37.50, 37.82 (ArC§CH,Ar), 41.03
(ArCHAr), 126.05, 128.24, 128.62, 128.85, 129.81)C
138.61, 139.09, 141.05 {&). — MS (El):m/z(%) = 596 ([MF,

100), 492 (5), 402 (9), 388 (4), 297 (8), 246 (10), 193 15),

179 (5), 105 (7).
CyeHaa- 0.5HO Calcd.: C91.19 H 7.48
(596.84) Found: C91.84 H7.37.

Heptacyclo[33.3.1.46.19.13 116,20 121.25 128.3tetratetraconta
[1(39),2,4,6(44),9,11,13(43),16,18,20(42),21,23,25(41),
28,30,32(40),35,37]octadecae(®

Yield 27 mg (48%), colourless solighp. 229 °C. *H NMR
(400 MHz, CDC}): d/lppm = 2.84-2.98 (s, br, 16H,
ArCH,CH,Ar), 6.99 (s, 2H, H), 7.10 (d3Jyy = 7.6 Hz, 4H,
Ha), 7.17 (d33uy = 7.4 Hz, 4H, H), 7.23 (s, 4H, K), 7.28
(pt, 3y = 7.4 Hz, 2H, H), 7.34 (t3Jyy = 7.5 Hz, 4H, H),
7.41 (d,3Jyy = 7.63 Hz, 4H, H). —13C NMR (100 MHz,
CDClg): dlppm = 38.57, 38.73 (ArCKCH,Ar), 124.66,
126.24,127.40, 127.61, 128.51, 128.77, 129.38,(C41.06,
141.72, 142.20 (G,). — MS (El):m/z(%) = 568 ([M}, 100),

463 (2), 387 (3), 283 (8), 269 (6), 179 (11), 165 (6), 119 (6),

105 (12), 56 (6).
CysHap- 0.5HO Calcd.: C91.46 H7.15
(568.79) Found C91.36 H 7.36.
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