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Abstract. Proceeding from diisocyanatéand10-13 (4-  introduced as building blocks in rotaxane chemistry. The tem-
hydroxyphenyl)triphenylmethariet and tetralactame mac- plate synthesis of the new tetralactame macroulith a
rocyclesl, 2 and9 the threading synthesis of rotaxad€s-  pyridine unit is presented. It is used as wheel in a rotaxane

21 containing carbamate units in the axle is described. Irsynthesis towards the carbamate-linked rota2dne
addition to aromatic diisocyanates aliphatic ones are firstly

Non-ionic template effects [1] proved to be a success#stacking seemed not to be necessary for rotaxane for-
ful concept to synthesize supramolecular architecturemation. In 1997 we were able to introduce diisocyanates
[2], especially hydrogen bond-mediated catenane [3] anf¥] as building blocks. Treatment of macrocyclg$]
rotaxane [4] formation [5]. and?2 [9] with diisocyanate8 and4 and further reac-

In the beginning aromatic diacid dichlorides were betion with bulky amine stoppegsled to rotaxane6—8
lieved to be the guests to fit into tetralactame macrocywith urea-linked axles [10] in 4—11% yield (Scheme
cles. Reaction with bulky amine stoppers in the presi). First attempts to synthesize these rotaxanes at room
ence of a macrocycle led to amide-based rotaxanes. Yamperature failed, so we raised the reaction tempera-
by replacing the aromatic diacid dichloride “guests” withture to 40 °C. Although a rise of temperature is weak-
aliphatic ones it was even possible to synthesize amidening the hydrogen bonds [11] between macrocyclic
based rotaxanes with aliphatic building blocks [6]. Soamide host and carbonylic guest, we were able to cre-
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Scheme 1Synthesis of rotaxanes containing urea-linked axles
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ate [2]rotaxanes with urea-linked axles by this trick.

Using the hydroxy stoppei4 instead of the amine 4 o 4
stopper5 we synthesized a hitherto unknown type of g N ) O O
structure perfect [2]rotaxane containing a carbamate- ~ ,, HNTT 5 T NH:
linked axle [12]. A first synthesis led to carbamate ro-

taxanel5in 24% vyield [10]. NEts, CH,Cl,

B
w
~
3

Results and Discussion

Applying the synthetic strategy which resulted in ro- /™
taxanel5 we were able to create the new carbamate- | N
linked rotaxane46 and17in 9 and 6% yield contain- N NH,
ing aromatic units in the axle. Encouraged by these re-  © 0 0
sults we successfully introduced the aliphatic diisocy- '
anatesl2 and13 as building blocks in rotaxane chem- 24
istry. Reaction with macrocycleésand2 and stopper o
14led to the new rotaxan&8—20in 10—23% yield. A C:Z
higher yield of 28% could be obtained by using the yet 25 .
unpublished macrocycl@ containing a pyridino unit cl oL %
leading to rotaxan2l (Scheme 2). 0

The preparation of this new macrocyélavas car- NEts, CH,Cl,
ried out according to macrocycl&§8] and2 [9]. Reac-
tion of 2,6-pyridine dicarboxylic acid dichlori@2 with
diamine23 [13] led to diamide24 [14] in 34% yield.
The following ring closure with 5-bu-isophthalic acid

dichloride25 produced macrocyck[15] in 51% yield — H H
(Scheme 3). WA H
: o
{

Scheme 3Synthesis of macrocycke
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Scheme 2Synthesis of rotaxanes with carbamate-linked axles
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Compared to the urea-linked rotaxanes the yields ofiations were used to indicate NMR—muItip.Iicities: s (singlet),
carbamate-linked rotaxanes are slightly higher, althougH (doublet), t (triplet), g (quartet), m (multiplet), br (broad).
the hydroxy stopper displays a less nucleophilic charz, v n: . .

! . . N,N'-Bis{4-[1-(4-amino-3,5-dimethylphenyl)cyclohexyl]-2,6-
acter than the correspondlng amine stopper. T_hls ph%ﬁmethylphenyl}pyridine-2,6-diamio(e4)
nomena can be explained by the creation of an interme- o . . _
diate phenolate anion, since recent results have show}§-0 g (31 mmol) of diamin23 were dissolved in a solution

that phenolate anions are selectively incorporated intgf 1-4 Ml of riethylamine in 50 ml of dichloromethane. 2.0 g
tetralactame macrocycles [16]. ?10 mmol) of pyridine-2,6-dicarboxylic acid dichlori@®

were similarly dissolved in 100 ml of dichloromethane, the
solution transferred to a dropping funnel, and then added drop-
wise to the diamine solution over a period of 4 h. The reac-
tion mixture was stirred for further 5 h. The crude product
) ) ) was purified by column chromatography (chloroform/ethyl
The_: applied threading method.d.escrlbed here Ied_ to_gcetaae 4:1)m.%. 134-135 °CR :go.f (zhﬁoroform/ethw Y
series of new rotaxanes containing carbamate-units igcetate 4:1). Yield 2.6 g (34%). MALDI-TOF-M®&/z= 798.9

the axle. Even aliphatic axle building blocks could be[M + Na]*. —tH NMR (250 MHz, CDC}, 25 °C):dppm =
integrated into these rotaxanes. A new macrocyclid.55 (br, 12H, aliph. Ch}, 2.14 (s, 12H, Ar—Ckj, 2.18 (s,
wheel containing a pyridino building block was intro- 12H, Ar—CH), 2.20 (br, 8 H, aliph. C}}, 3.45 (br, 4H, amine-
duced, and its use resulted in the corresponding rota¥H), 6.87 (s, 4H, ar. H), 7.04 (s, 4H, ar. H), 8.043t=
ane in a relative high yield of 28%. 8.0 Hz, 1H, ar. H), 8.47 (&) = 8.0 Hz, 2H, ar. H), 9.38 (s,

H, amide-NH). 23C NMR (62.9 MHz, CDC}, 25 °C):

The rotaxanes presented here display a synthetic pg; _
tential since the carbamate bonds in the axle can be h{lPP™ = 17.90, 18.64 (G 22.75, 26.23, 36.98 (Chi
25.22,126.77,137.45 (CH), 44.68, 121.15, 130.12, 134.20,

drolysed Withou_t breaking open the amide bonds in th 39.08, 139.89, 148.26 {1 161.33, 171.22 (C=0).
macrocycle. This may make it possible to control an

study the dethreading process of these rotaxanes. Ert'(tert-Butyl)-5',17',23',35',38',40',43',45'-octamethyl-
ployment of glycols as hydroxy components togetheuispiro[cyclohexane-1,2'-[7,15,25,33,39]pentaazaheptacyc-
with diisocyanates and tetralactame macrocycles mag’ [32.2.2.2:6216.19221.2419.13 127.30hexatetraconta[3,5,9,

Conclusions

lead to rotaxanes containing a polymeric carbamatel:13(44),16,18,21,23,27,29,31(39),34,36, 37,40,42,45]octa-
backbone g a poy ecaen-20',1"-cyclohexane]-8',14',26',32'-tetr¢8e

1000 mg (1.3 mmol) of diamid®& were dissolved in a mix-
This research was funded by the Deutsche Forschungsgemeie of 0.4 ml of triethylamine in 200 ml of dichloromethane.
schaft (project-no. Vo 145/47-1). In the same way 330 mg (1.3 mmol) of-Bu-isophthalic
acid dichloride25were dissolved in 200 ml of dichlorometh-
ane. Both sultions were simultaneously added to
1200 ml of the same solvent over a period of 8 h. The crude
product was purified by column chromatography (chloroform/
ethyl acetate 6:1jn.p. > 300 °CR; = 0.5 (chloroform/ethyl

Experimental

Chemicals were purchased from Merck, Aldrich and Lancas

ter. The diisocyanates were donated by Bayer AG. All chem ) ; ]

icals were used as received. Dichloromethane was destille itgtew? ‘P'NY'eld E‘;4H2’\rln'\%é512°é)()) MQLDEEOF_';ASBKE_.

prior use. Yields refer to chromatographically and spectro-& ' [_ 1.42 af. EH C ( 151 bZ,4H Cil'. h C ):

scopically homogeneous materials. All reactions were moni-, ppm = ... (S.’ , C(Ch), 1.51 (br, 4H, aliph. Ch),

i ; ; 1.64 (br, 8H, aliph. Ck), 2.18 (s, 12H, Ar-Ckj, 2.19 (s,

ored by thin-layer chromatography (TLC) carried out on alu- :

mini ; o 12H, Ar—CH;), 2.26 (br, 8H, aliph. C}J, 6.96 (s, 4H, ar. H),
inium sheets precoated with silica gel 6Q,AMerck :

1.05554 : : 6.97 (s, 4H, ar. H), 7.18 (s, 2H, amide—NH), 7.92 (s, 1H, ar.
. ). The sheets were inspected by UV light=( 814 (3= 8.0 Hz. 1H H) 8.23 (s. 2H H). 8.49 (d

254 nm) as visualising agent. Column chromatography wa J)’_ 8 0 Isl 2_H ' Ii 8 égr. )éH' (Tc‘a I\’Ilirée)l’\ll\/llR (d,

carried out on silica gel 60 (Merck 15101). Melting points =~ =° z,2H, ar. H), 8.90 (s, 2H, amide—NH}:

were determined on a Kofler microscope heater (Reicherl(ez'9 MHz, CDC}, 25 °C): dppm = 18.92, 19.00, 31.22

Wien, Austria) and are not corrected. Microanalyses were Pe'&gg%zifg 05612399 215 .8(:1H(C2§513272.1% 01?’251@2’ 316261'2?22
formed by the microanalytical department at the Kekulé-In-;2> " = Vs .61 (CH), 35.37, 45.03, .50, L2,

stitut fiir Organische Chemie und Biochemie of the universi-134'50’ 134.61,134.83,147.94, 148.51, 148.61, 1549 (C

ty of Bonn. MALDI-TOF mass-spectra were recorded on a161'21’ 171.56 (C=0).

Micromass Tof Spec E spectrometer (Micromass, Manches{-z]{l 4-N,N'-Bis[carboxy(4-(tri )

! \ ‘ . 4-N, y(4-(triphenylmethyl)phenoxy)]
ter, UK). The matrix used was 2,5—d|hydroxybe_n20|c ac'dphenylene diamine}{11-(tert-butyl)-5',17',23',35',38",40",
(DHB). TheH- and**C NMR spectra were obtained on a 43: 45'.octamethyldispiro[cyclohexane-1,2'-[7,15,25,
Bruker AM 250 (250 MHZ {H), 62.9 MHz {3C)), a Bruker  sjtetraazaheptacyclo] 32.2.28821619221.2419.13 1273
AM 400 (400 MHz {H), 100.6 MHz {5C)) and a Bruker AM oy atetraconta[3,5,9,11,13(44),16,18,21,23,27,31(39),34,

500 (500 MHz {H), 125.8 MHz {%C)) spectrometer in com- 3¢ 37 40 42 45]octadecaen-20",1"-cyclohexane]-8',14",26',
mercially available deuterated solvents (internal reference Wag)'_tetrone}rotaxangl6)

the residual undeuterated solvent: CHZR4 ppm, DMSO
2.49 ppm, CHOH 3.35 and 4.78 ppm). The following abbre- 690 mg (0.72 mmol) of macrocydend 115 mg (0.72 mmol)
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of 1,4-phenylene diisocyanatedj were dissolved in 100 ml  [2]{trans-1,4-N,N'-Bis[carboxy(4-(triphenylmethyl)-

of dichloromethane. This solution was added to a refluxingphenoxy)]cyclohexylene diamine} {11'-(tert-butyl)-5',17',
solution of 504 mg (1.50 mmol) of (4-hydroxyphenyl)triphe- 23',35',38',40',43',45'-octamethyldispiro[cyclohexane-1,2'-
nylmethane 14) and a few drops of triethylamine in 100 ml [7,15,25,33]tetraazaheptacyclo[32.2.2,2216.19 221,24

of the same solvent over a period of 2h. The crude product®13127.3]hexatetraconta[3,5,9,11,13(44),16,18,21,23,
was purified by column chromatography (dichloromethane/27,29,31(39),34,36,37,40,42,45]octadecaen-20',1"-cyclohex-
ethyl acetate 20:1)m.p. > 300 °C,R; = 0.2 (dichloro- ane]-8',14',26',32'-tetrone}rotaxanél 8)

methane/ethyl acetate 20:1). Yield 119 mg (9%). MALDI- 529 mg (0.55 mmol) of macrocycleand 91 mg (0.55 mmol)

-MS: = -1 . X ;
-Ig(l\)/IFS('\)/I%G ”;/52 ocl)?;&?n[ll/l 1+ 3I\ia(ﬂs 9: g?ﬂcgb(;lciog\lﬂ I(-lbzr of trans-1,4-cyclohexane diisocyanat@ were dissolved in
' -appm = L. Ty T ' 100 ml of dichloromethane. This solution was added to a re-

4H, aliph. CH), 1.61 (br, 8H, aliph. CbJ, 2.15 (s, 24H, Ar— fluxing solution of 370 mg (1.10 mmol) of (4-hydroxy-

\ A
CHjy), 2.33 (br, 8H, aliph. C}), 6.51 (d, ) = 8.7 Hz, 2H, ar. phenytriphenylmethan®4 and a few drops of triethylamine

3] = = ! X
H), 6.67 (d) = 8.7 Hz, 4H, ar. H), 6.90 (.a] 8.7 Hz, 4H, in 100 ml of the same solvent over a period of 2 h. The crude
ar. H), 7.02 (s, 12H, ar. H), 7.10-7.35 (signal group, 27H, ar duct ified b I h t hv (dichl
H), 7.68 (t30 = 8.7 Hz, 1H, ar. H), 8.03 (s, 1H, ar. H), 8.05 (s, Product was purified by column chromatography (dichlo-

romethane/ethyl acetate 20r)p. > 300 °CR; = 0.3 (dichlo-
4H, ar. H), 8.42 (s, 1H, ar. H), 8.57 (s, 1H, ar. H), 9.21 (s, 2H j :
amide—N)H), 9.2(6 (s, 2H am)ide—Nl—(I) 9.38 (s 2)H carb(amat omethane/ethyl acetate 20:1). Yield 241 mg (23%). MAL-

- -MS: m/z= 1
NH). —13C NMR (100.6 MHz, DMSO-g 25 °C):dppm = I-TOF-MS: m/z=1823.0 [M + Naj. —1H NMR (400 MHz,

18.61, 31.01 (CH), 22.82, 25.93, 34.81 (GH 114.16, 114.39, MSO-t, 25°C):alppm =0.33 (br, 8H, aliph. Cji 1.30 (s,
H, C(CH,)y), 1.45 (br, 4H, aliph. C§), 1.54 (br, 8H, aliph.

120.45, 121.05, 12583, 126.06, 127.57, 127.79, 130481 =89 19008 S0 3P T Eo U B S0

131.32, 131.58 (CH), 34.97, 44.71, 63.74, 64.08, 132.17~ 12 2:02 (S, 12H, , 2.03 (s, 12H, , 2.

134.58, 134.75, 13659, 146.20, 146.36, 146.85, 147.447" 8H. alph. grd)ri)266§5(—b7r’320H('siaggr'rgr)'ﬁfila(rdh)
148.71, 152.28, 155.28 (C 164.77, 164.97 (C=0). = 6.0 Mz, 2, ar. 1), ©. -oU (Slgnai group, 21, ar. 1),

7.60 (1,33 = 7.7 Hz, 2H, ar. H), 7.95 (&) = 7.7 Hz, 2H, ar.

ggzlé'gl}ﬁNGOS'g';sg%)QH %%294'3,\)] w7 H), 7.99 (s, 2H, ar. H), 8.16 (s, 1H, ar. H), 8.31 (s, 1H, ar. H),
Found: C 79'91 H 6.52 N 4.56 9.00 (br, 2H, amide—NH), 9.03 (br, 2H, amide—NH). —

: : : 0 13C NMR (125.8 MHz, DMSO-g 100 °C): d/ppm = 19.11,
_ _ 19.14, 31.91 (CH), 23.66, 26.79, 30.83, 31.80, 35.98 ({3H
[2]{1,3-N,N'-Bis[carboxy(4-(triphenylmethyl)phenoxy)]-xyl- 49.99, 50.07, 115.40, 121.00, 121.02, 126.60, 126.66, 126.83,
ylene diamine}{11'-(tert-butyl)-5',17',23',35',38',40', 43',45™- 126 .85, 128.07, 128.17, 128.35, 130.01, 131.27, 131.36,
octamethyldispiro[cyclohexane-1,2'[7,15, 25,33]-tetraaza- 131.45, 132.17, 132.19, 132.45 (CH), 35.66, 45.86, 133.23,
heptacyclo[32.2.2.26.216.19,221,24.19.13/127.3Y] 133 37 13549, 135.68, 135.79, 147.43, 147.45, 147.96,
hexatetraconta[3,5,9,11,13(44),16,18,21,23,27,29,31(39)148.36 (Q). 165.55, 165.77 (C=0).
34,36,37,40,42,45]octadecaen-20",1"-cyclohexane]-c ,H,,,NOg - 2H,0 (1800.4)
8',14',26',32'-tetrone}rotaxangl.7) Calcd.: C79.80 H6.92 NA4.58
722 mg (0.75 mmol) of macrocydend 141 mg (0.75 mmol) Found: C79.50 H691  N4.50.
of 1,3-xylylene diisocyanatil were dissolved in 100 ml of ;i :
dichloromethane. This solution was added to a refluxing so%ze]f(l Ignl\éI\élfﬁ%c;ﬁixﬁgrt(tgﬁp ?)rpél.”ﬁt.hgé).%h; n308)fy3]0_.
lution of 571 mg (1.70 mmol) of (4-hydroxyphenyl)triphe- y Y o Y 1E oE 2l

. AN 43',45'-octamethyldispiro[cyclohexane-1,2'-[7,15,25,33]-
nylmethanel4 and a few drops of triethylamine in 100 ml of tetraazaheptacyc?/o[32?2.23[.'2)/216’19. 221'24.19a13.1£7’33]hexa- ]

the.s.ame solvent over a period of 2 h. The crude product W%traconta[:% 5,9,11,13(44).16,18,21,23,27,29,31(39)
purified by column chromatography .(d|chIoromethane/ethyI34 36.37 40 4'12’4’5]0’ctadeca’en—'20' '1"-éycl’ohéxar'1e]8‘ 14.’
acetate 20:1)n.p. > 300 °CR; = 0.2 (dichloromethane/ethyl 26‘, 32"—te’tror; e}rbtaxan €19) ’ e

acetate 20:1). Yield 77 mg (6%). MALDI-TOF-M&/z =
1844.3 [M + Na}. — 1H NMR (400 MHz, CDC|, 529 mg (0.55 mmol) of macrocycdleand 93 mg (0.55 mmol)
25 °C)dppm = 1.35 (s, 9H, C(Chh), 1.50 (br, 4H, aliph. of hexamethylene diisocyanate3 were dissolved in
CH,), 1.62 (br, 8H, aliph. C}), 1.86 (s, 12H, Ar—CkJ, 1.91 100 ml of dichloromethane. This solution was added to a re-
(s, 12H, Ar—-CH), 2.27 (br, 8H, aliph. Ckj, 3.34 (br, 4H, fluxing solution of 370 mg (1.10 mmol) of (4-hydroxy-
xylylene—CH), 6.90 (s, 4H, ar. H), 6.94 (s, 4H, ar. H), 6.98 phenyl)triphenylmethan®4 and a few drops of triethylamine
(s, 2H, ar. H), 7.00 (s, 2H, ar. H), 7.05-7.25 (signal groupjn 100 ml of the same solvent over a period of 2h. The crude
36H, ar. H), 7.51 (br, 1H, ar. H), 7.68 (br, 1H, ar. H), 8.03 (brproduct was purified by column chromatography (dichlo-
2H, ar. H), 8.15 (s, 2H, ar. H), 8.28 (br, 2H, ar. H), 8.58 (br,romethane/ethyl acetate 20:h).p. 278-280 °CR; = 0.1

1H, ar. H). —13C NMR (125.8 MHz, DMSO-g¢ 25 °C): (dichloromethane/ethyl acetate 20:1). Yield 144 mg (15%).
dppm =18.70, 31.21 (Chi 22.34, 26.16, 29.25,52.21 (H MALDI-TOF-MS: m/z= 1825.2 [M + Naj. — H NMR
120.15, 120.67, 124.39, 125.98, 126.31, 127.91, 130.69400 MHz, CDC}, 25 °C):d/ppm = 0.75 (br, 4H, aliph. CHi
130.87, 131.55, 131.85 (CH), 35.34, 45.63, 62.76, 132.49].08 (br, 4H, aliph. Ck), 1.28 (s, 9H, C(Ck},), 1.50 (br, 4H,
132.55, 134.47, 134.69, 134.75, 134.83, 142.71, 146.4@&liph. CH,), 1.62 (br, 8H, aliph. C}J, 1.92 (s, 12H, Ar-C}},

148.98, 154.98 (g, 165.09, 165.22 (C=0). 1.94 (s, 12H, Ar—Ck), 2.25 (br, 8H, aliph. C§), 2.49 (br,
CioH1oNOg - 2CHCOOGH; (1822.4) 4H, aliph. CH), 6.80 (d3J = 7.8 Hz, 4H, ar. H), 6.87 (s, 8H,
Calcd.: C79.33 H6.86 NA4.21 ar. H), 7.05-7.25 (signal group, 32H, ar. H), 7.4B]tz-
Found: C79.27 H7.14 NA4.16. 7.0Hz, 1H, ar. H), 7.63 (s, 2H, ar. H), 7.71 (s, 2H, ar. H), 7.96
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(s, 1H, ar. H), 8.05 () = 7.8 Hz, 1H, ar. H), 8.15 (4] =
7.0 Hz, 2H, ar. H). 23C NMR (100.6 MHz, DMSO-g
25 °C): lppm = 18.63, 18.74, 28.57, 30.98 (QH14.11,
22.73, 25.35, 25.92, 34.76, 44.63 (§H114.39, 120.38,
125.83, 126.07, 126.18, 127.26, 127.58, 127.70, 130.4%

37,40,42,45]octadecaen-20',1"-cyclohexane]-8',14',26', 32'-
tetrone}rotaxandg?21)

642 mg (0.67 mmol) of macrocycd®and 112 mg (0.67 mmol)
f hexamethylene diisocyanate3 were dissolved in
00 ml of dichloromethane. This solution was added to a re-
uxing solution of 504 mg (1.50 mmol) of (4-hydroxyphe-
_)1yl)triphenylmethan64 and a few drops of triethylamine in
100 ml of the same solvent over a period of 2h. The crude
product was purified by column chromatography (dichlo-
romethane/ethyl acetate 10:4)p. > 300 °CR; = 0.5 (dichlo-
romethane/ethyl acetate 10:1). Yield 341 mg (28%). MAL-
DI-TOF-MS:m/z=1826.1 [M + Naj. —1H NMR (400 MHz,
. ) CDClg, 25 °C):dppm = 1.20 (br, 4H, aliph. Chl 1.41 (s,
[2]{1,6-N,N'-Bis[carboxy(4-(triphenylmethyl)phenoxy)]- 9H C(CH,),), 1.55 (br, 4H, aliph. C}}, 1.64 (br, 8H, aliph.
hexylene diamineH{11'-(tert-butyl)-5',17",23',35',38',40', cH,), 1.82 (s, 12H, Ar-Ck), 1.92 (s, 12H, Ar—Ch), 2.17
43',45'-octamethyldispiro[cyclohexane-1,2",[7,15,25, (pr, 8H, aliph. CH), 2.32 (br, 4H, aliph. CH, 3.05 (br, 4H,
33]tetraaza-{26]thiaheptacyclo[32.2. 8221619 221241913 zjinn CH)), 6.75 (d 2 = 8.1 Hz, 4H, ar. H), 6.86 (s, 8H, ar.
1?73%hexatetraconta[ 3,5,9,11,13(44),16,18,21,23,27,29,311) 6.89 (s, 4H, ar. H), 7.00 — 7.20 (signal group, 28H, ar. H),
(39),34,36,37,40,42,45]octadecaen-20",1"-cyclohexane]-8'7 33 (s, 1H, ar. H), 7.46 (s, 1H, ar. H), 7.77 (s, 1H, ar. H), 8.13
14',26',26',32"-pentone}rotaxar{@0) (d,3)=7.5Hz, 1H, ar. H), 8.22 (s, 1H, ar. H), 8.24 (s, 1H, ar.
3] = ide—
499 mg (0.50 mmol) of macrocy@eand 84 mg (0.50 mmol) 3)958 (Ag g?—lJarrzdSeﬂlsle)HB?:rlll—ll\)/ls '(81608%13"_2?@8&\'”—')’

of hexamethylene diisocyanafie8 were dissolved in o) -
: . / 25 °C): dippm = 14.21, 18.72, 21.07, 31.29 {L22.98,
100 ml of dichloromethane. This solution was added to are26.10, 26.34, 29.50, 35.98, 41.13 (GHL20.07, 125.47,

fluxing solution of 336 mg (1.00 mmol) of (4-hydroxyphe- 155"/ "156 16 126.60. 126.78, 126.92, 127.55. 129.01,
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100 ml of the same solvent over a period of 2 h. The crud%5 40 45 20. 64.34. 134.30. 134.36. 134.79. 134.95. 14373
product was purified by column chromatography (dichlo- 146.47 148.24. 148.65 149.05 153.92. 155 22 @1'09 o
romethane/ethyl acetate 20:i).p. 245-247 °CR; = 0.4 161.20. 165.21, 165.36, 171.20 (C:b) ’ . o
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N 4.62
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6H, Ar—CH;), 1.98 (s, 6H, Ar—C}), 1.99 (s, 6H, Ar—CH), References

2.01 (s, 6H, Ar—CH), 2.14 (br, 4H, aliph. C}J, 2.23 (br, 4H,

aliph. CHy), 2.39 (br, 4H, aliph. C}), 6.46 (d3J = 8.4 Hz,

4H, ar. H), 6.69 (s, 2H, ar. H), 6.88 (s, 2H, ar. H), 6.94 (s, 8H, [1]

ar. H), 7.00-7.20 (signal group, 27H, ar. H), 7.35 (s, 1H, ar.
H), 7.55 (t,3) = 7.8 Hz, 1H, ar. H), 8.02 (d) = 7.8 Hz, 1H,

ar. H), 8.10 (d3J = 8.4 Hz, 1H, ar. H), 8.20 (s, 2H, ar. H),
8.23 (d,3)J = 7.0 Hz, 2H, ar. H), 8.28 (s, 1H, ar. H), 8.47 (s,
1H, ar. H). -13C NMR (100.6 MHz, CDGJCD40D, 25 °C):

a) S. Anderson, H. L. Anderson, J. K. M. Sanders, Acc. Chem.
Res.1993 26, 469; b) R. Hoss, F. Vogtle, Angew. Chem.
1994 106, 389; Angew. Chem. Int. Ed. Engl994 33, 375;

c) F. Vogtle, R. Hoss, M. Handel in: Applied Homogeneous
Catalysis with Organometallic Compounds, B. Cornils, W.
A. Herrmann (Eds.), VCH, Weinheim 1996; d) D. H. Busch,
A. L. Vance, A. G. Kolchinski in: Comprehensive Supramo-

lecular Chemistry, Vol. 9, J.-P. Sauvage, M. W. Hosseini
(Eds.), Pergamon, Elsevier Science, Oxford 1996; e) N. V.
Gerbeleu, V. B. Arion, J. Burgess, Template Synthesis of
Macrocyclic Compounds, Wiley-VCH, Weinheim 1999;
f) T. J. Hubin, A. G. Kolchinski, A. L. Vance, D. H. Busch

dppm =18.04, 18.47, 18.57, 18.92, 30.73 {CB2.44, 22.68,
25.93, 26.06, 26.18, 28.89, 34.91, 36.81, 40.57,J(H9.74,
120.10, 121.80, 125.48, 125.67, 126.04, 126.62, 127.17,
127.31, 128.84, 128.97, 129.31, 129.52, 130.58, 130.69,
130.78, 131.15, 131.64 (CH), 34.98, 44.79, 45.48, 64.13, in: Advances in Supramolecular Chemistry, Vol. 5, G. W.
132.85, 133.30, 134.61, 134.74, 134.77, 134.85, 137.41,  Gokel (Ed.), JAI Press, Greenwich 1999

143.23, 143.57, 144.81, 146.22, 147.23, 148.45, 148.56[2] a) F. Vogtle, Supramolecular Chemistry, Wiley, Chichester

149.92, 153.12, 155.39 ( 164.43, 165.02, 165.35 (C=0).
CiaH12N600S - HO (1838.4)

Calcd.: C78.29 H6.84
Found: C78.45 H7.05

N 4.53
N 4.43

S1.73
S 1.94.

[2){1,6-N,N'-Bis[carboxy(4-(triphenylmethyl)phenoxy)]hexy
lene diamine}{11'-(tert-butyl)-5',17',23',35',38',40',43",45'-
octamethyldispiro[cyclohexane-1,2'-[7,15,25,33,39]penta-
azaheptacyclo[ 32.2.23$.216.19221,2419,13 1273 hexatetra-
conta[3,5,9,11,13(44),16,18,21,23,27,29,31(39),34,36,

546

1991, 1993; b) J.-M. Lehn, Scient893 260, 1762; c) J.-

M. Lehn, Supramolecular Chemistry, VCH, Weinheim 1995;
d) S. Anderson, T. D. W. Claridge, H. L. Anderson, Angew.
Chem.1997 109 1367; Angew. Chem. Int. Ed. End@R97,

36, 1310; e) W. Herrmann, M. Schneider, G. Wenz, Angew.
Chem.1997, 109, 2618; Angew. Chem. Int. Ed. EndR97,

36, 2511; f) N. Yamaguchi, L. M. Hamilton, H. W. Gibson,
Angew. Chem1998 110, 3463; Angew. Chem. Int. Ed. Engl.
1998 37, 3275; g) D. Fitzmaurice, S. N. Rao, J. A. Preece,
J. F. Stoddart, S. Wenger, N. Zaccheroni, Angew. Cheaf

111, 1220; Angew. Chem. Int. Ed. Endl999 38, 1147;

h) K. N. Houk, S. Menzer, S. P. Newton, F. M. Raymo, J. F.

J. Prakt. Cheml999 341, No. 6



Template Synthesis of Rotaxanes with Carbamate-Linked Axles

FULL PAPER

(3]

(4]

(5]

Stoddart, D. J. Williams, J. Am. Chem. S#899 121, 1479;

i) C. Kauffmann, W. M. Miiller, F. Végtle, S. Weinman, S.
Abramson, B. Fuchs, Synthesi8®99 849; j) C. Dietrich- [6]
Buchecker, J.-P. Sauvage, J. Chem. Soc., Chem. Commun.
1999 61; k) C. Dietrich-Buchecker, G. Rapenne, J.-P. Sau-
vage, A. De Cian, J. Fischer, Chem. Eurl@99 5, 1432;

I) N. Solladie, J.-C. Chambron, J.-P. Sauvage, J. Am. Chem.
S0c.1999 121, 3684 [7]
a) F. Vogtle, S. Meier, R. Hoss, Angew. Chetf92 104,
1628; Angew. Chem. Int. Ed. Endl992 31, 1619; b) S.
Ottens-Hildebrandt, S. Meier, W. Schmidt, F. Vogtle, An-
gew. Chem1994 106 1818; Angew. Chem. Int. Ed. Engl.  [8]
1994 33, 1767, c) S. Ottens-Hildebrandt, M. Nieger, K. Ris-
sanen, J. Rouvinen, S. Meier, G. Harder, F. Vogtle, J. Chem.[9]
Soc., Chem. Commud995 777; d) S. Ottens-Hildebrandt,

T. Schmidt, J. Harren, F. Vogtle, Liebigs Arira95 1855; [10]
e) H. Adams, F. J. Carver, C. A. Hunter, J. Chem. Soc., Chen{11]
Commun.1995 809; f) F. Vogtle, R. Jager, M. Handel, S. [12]
Ottens-Hildebrandt, Pure & Appl. Cherh996 68, 225;

g) R. Jager, T. Schmidt, D. Karbach, F. Végtle, Syiie@s
723; h) S. Baumann, R. Jager, F. Ahuis, B. Kray, F. Vogtle,
Liebigs Ann./Recueill997 761; i) M. S. Deleuze, D. A.
Leigh, F. Zerbetto, J. Am. Chem. SA@99 121, 2364

a) F. Vogtle, R. Jager, M. Handel, S. Ottens-Hildebrandt, W.
Schmidt, Synthesi$996 353; b) F. Vogtle, T. Dinnwald,
M. Handel, R. Jager, S. Meier, G. Harder, Chem. E0@5

2, 640; c) F. Vogtle, F. Ahuis, S. Baumann, J. L. Sessler,[14]
Liebigs Ann.1996 921; d) T. Dinnwald, R. Jager, F. Vog-

tle, Chem. Eur. 11997, 3, 2043; e) C. Fischer, M. Nieger, O. [15]
Mogck, V. Béhmer, R. Ungaro, F. Vogtle, Eur. J. Org. Chem.[16]
1998 155; f) C. Heim, A. Affeld, M. Nieger, F. Vogtle, Helv.
Chim. Actal999 82, 746; g) A. H. Parham, B. Windisch, F.
Vogtle, Eur. J. Org. Cheni999 1233; h) D. A. Leigh, A.
Murphy, Chem. Ind1999 178

For reviews on catenanes and rotaxanes see: a) G. Schill,
Catenanes, Rotaxanes and Knots, Academic Press, New York
1971; b) C. O. Dietrich-Buchecker, J.-P. Sauvage, Chem. Rev
1987, 87, 795; c) G. Wenz, Angew. Cherh994 106, 851;
Angew. Chem. Int. Ed. Engl994 33, 803; d) D. B. Ama-
bilino, J. F. Stoddart, Chem. Rek995 95, 2725; e) H. W.

(13]

Knots, J.-P. Sauvage (Ed.), VCH-Wiley, Weinheim 1999, in
press.

a) R. Jager, S. Baumann, M. Fischer, O. Safarowsky, M. Nieg-
er, F. Vogtle, Liebigs Ann./Recuel997, 2269; b) T. Din-
nwald, A. H. Parham, F. Vogtle, Synthe$898 339; c) C.
Seel, A. H. Parham, O. Safarowsky, G. M. Hibner, F. Vég-
tle, J. Org. Chenil999 in press.

cf. clipping-synthesis of polyrotaxanes using diisocyanates:
S. J. Langford, J. F. Stoddart in: Chemical Synthesis: Gnosis
to Prognosis, C. Chatgilialoglu, V. Snieckus (Eds.), NATO
ASI Series, Kluwer Academic Publishers, Dordrecht 1994
F. Vogtle, M. Handel, S. Meier, S. Ottens-Hildebrandt, F.
Ott, T. Schmidt, Liebigs Annl995 739

R. Jager, M. Handel, J. Harren, K. Rissanen, F. Vogtle, Lie-
bigs Ann.1996 1201

O. Braun, F. Vogtle, Synleit997, 1184

C. A. Hunter, J. Chem. Soc., Chem. Commii801 749

cf. polymeric rotaxanes containing carbamate-linked axles:
a) Y. X. Shen, H. W. Gibson, Macromolecul&92 25, 2058;

b) Y. X. Shen, D. Xie, H. W. Gibson, J. Am. Chem. Soc.
1994 116, 537; c) E. Marand, Q. Hu, H. W. Gibson, Macro-
moleculesl996 29, 2555; d) C. Gong, H. W. Gibson, An-
gew. Chem1997 109 2426; Angew. Chem. Int. Ed. Engl.
1997, 36, 2331

J. v. Braun, E. Anton, W. Haensel, G. Werner, Liebigs Ann.
Chem 1929 1

F. J. Carver, C. A. Hunter, R. J. Shannon, J. Chem. Soc.,
Chem. Communl1994 1277

S. Braschohs, doctoral thesis, University of Bonn 1998

a) G. M. Hibner, J. Glaser, C. Seel, F. Vogtle, Angew. Chem.
1999 111, 395; Angew. Chem. Int. Ed. Endl999 38, 383;

b) G. M. Hibner, C. Reuter, C. Seel, F. Vogtle, Synthesis
1999 submitted.

Address for correspondence:
Prof. Dr. F. Vogtle

Gibson in: Large Ring Molecules, J. A. Semlyen (Ed.), JohnKekulé-Institut fur Organische Chemie und Biochemie der Univer-
Wiley & Sons, New York 1996; f) H. W. Gibson, C. G. Gong, sitt Bonn

Curr. Op. Solid State and Mat. St097, 2, 647; g) R. Jager,
F. Vogtle, Angew. Chem1997 109 966; Angew. Chem.

Gerhard-Domagk-Str. 1
D-53121 Bonn

Int. Ed. Engl.1997, 36, 930; h) C. Heim, D. Udelhofen, F. Fax: Internat. code (0) 228-735662
Vogtle in: Molecular Topology: Catenanes, Rotaxanes ande-Mail: voegtle@uni-bonn.de

J. Prakt. Chenl999 341, No. 6

547



