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The photoresponsive macrocyclic phanes 3, ?a, ?b, 10 were 
prepared. The ( E )  and (Z) isomers of ?b could be separated 
from each other by column chromatography. The X-ray struc- 
ture of the 31-membered cycle (E)-?b and the 54-membered 
cycle (,?,E)-10 shows a tendency toward self-assembly to a 
dimeric structure (7b) and a tubular structure (10) in the crys- 

talline state. Additionally, both structures demonstrate in- 
clusion of solvent molecules into the cavity (diameter 5 A, 
?b) and tube (diameter 11 A, 10) respectively. A variable- 
temperature 'H-NMR study of 7b showed that the piperazine 
ring inversion is restricted at lower temperatures, 

Macrocyclic compounds which have intramolecular cavi- 
ties are expected to interact specifically with guest metal 
ions and molecules. As the guest selectivity is primarily gov- 
erned by the size of the cavity, one may expect that if the 
topological ring shape can be changed reversibly, the guest- 
binding ability and guest selectivity may become adjustable. 
By the incorporation of photoresponsive units such as stil- 
benes and azobenzenes into the macrocycle the size and 
shape of the cavity can be altered by light or thermal en- 
ergy, simply by triggering off ( E )  * ( Z )  isomerisation proc- 
esses[']. Photoresponsive compounds have been extensively 
studied because they are of great theoretical and practical 
interestI2], and therefore the incorporation of such groups 
into macrocyclic compounds is of pivotal inportance in 
host-guest Many examples of macromono- 
cyclic and macrobicyclic azobenzene systems, exhibiting 
such behaviour, are already However, recently 
we have preparedw new macrocyclic receptor molecules 
containing piperazine and arene units. Some of these cycles 
exhibit inclusion properties towards solvent molecules, 
which can be established by X-ray diffraction analysis. This 
has prompted us to prepare piperazine-based macrocycles 
which obtain larger arene spacer units, particularly those 
bearing photoresponsive groups. 

Results and Discussion 

In this paper we present two routes for the preparation 
of piperazine cyclophanes. Phane 3 was synthesised directly 
by a one-step reaction procedure described earlierI5I: Reac- 
tion of 4,4'-bis(bromomethy1)azobenzene (2) with pipera- 
zine (1) under high dilution conditions in the presence of 

[*I Present address: School of Chemistry, University of St. Andrews, 
St. Andrews, Fife, KY 16 9 ST, Scotland. 

caesium carbonate as a base gave after chromatographic 
workup and recrystallisation from acetonitrile the cyclo- 
phane 3 in 16% yield. 

. .  
H 
1 2 

The 'H- and 13C-NMR spectra of phane 3 indicate a 
highly symmetrical molecule, and the UV spectrum (Table 
1) shows that both azobenzene units exist in the ( E )  form 
(strong absorption at 330 nm, kmax of the 7t -+ n* transition 
band)L61. Upon exposure of 3 to 350-nm UV light, a photo- 
stationary state is established, in which the absorbance at 
330 nm is reduced to 50%. When the sample is exposured 
to UV light, the conversions (EE) + (EZ) + (ZZ) -+ (EZ) 
+ (EE) may reach equilibrium. On the other hand, it was 
found with macrocycles which contain azobenzene units 
that isomerisation of the (ZZ) form to the (EE) form oc- 
curred directly, without proceeding via the intermediate 
stageE61. This implies that the (ZZ) -+ (EE) isomerisation 
rate is much faster than the rate via the intermediate stage 
and that the (EZ) form does not exist in the isomerisation 
process at all. The shape and size of the (EE) and (ZZ) 
forms of compound 3, according to molecular mechanics 
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calculati~ns[~], show that the (EE) form seems to have a 
suitable cavity for small guest molecules where as (ZZ)  form 
apparently has not. 
Table 1. UV data (in CH2CI ) of the macrocycles 3, 7 and 10. 4 3 )  = 

c(10) = 2.5 . 10-5 mol/dm 3 ; c(7a) = c(7b) = 5.0 . l 0 F  mol/dm3 

Compound h,,/nm (log E /dm3mol-km-1) 

3 [(EE) form] 
Photostationary 

state of 3 
7a [(E) form] 
7c [ ( Z )  form] 
7b [(E) form] 
7d [(Z) form] 
10 [(EE) form] 
Photostationary 
state of 10 

240 (4.322), 330 (4.640), 441 (3.224) 

240 (4.377), 326 (4.362), 441 (3.470) 
232 (4.426), 338 (4.250), 448 (2.953) 
229 (4.377), 317 (3.908), 450 (3.333) 
228 (4.451), 338 (4.262), 449 (3.052) 
229 (4.408), 310 (3.900), 447 (3.255) 
228 (4.618), 330 (4.579) 

228 (4.629), 327 (4.400) 

Macrocycles 7a, 7b, and 10 were prepared indirectly by 
means of a two-step procedure. In the first step, the N- 
monosubstituted noncyclic piperazine derivatives 6a, 6b, 
and 9 were prepared by reaction of the monoprotected pip- 
erazine 4 with bis(bromomethy1)arene 5a, 5b, and 8, re- 
spectively. 

Subsequent deprotection of the piperazine nitrogen atom 
with hydrobromic acid (62%) gave the desired noncyclic 
products in SO-90% yield. In the second step, the macro- 
cycles 7a, 7b, and 10 were obtained under high-dilution 
conditions by reaction of an N-monosubstituted noncyclic 
piperazine derivative (6a or b) with 4,4'-bis(bromomethy1)- 
azobenzene (2). After chromatographic workup on silica gel 
the desired cyclophanes 7a, 7b, and 10 were obtained in 
20-25% yield. 

Single crystals of 7b were obtained by recrystallisation 
from acetonitrile. In the crystalline state, the azobenzene 
unit [(E)  form] of 7b has a slightly twisted banana shape 
(Figure l), which indicates that the cycle is strained and can 
therefore easily be isomerised from the ( E )  to (2) form by 
irradiation with UV light. The X-ray structure of 7b also 
shows an interesting molecular recognition or self-assembly 
phenomenon. Two cycles form a dimeric structure, in which 
a corner of one of the cycles is included into the cavity of 
the other one, thus blocking one of the cavities. Addition- 
ally, one acetonitrile molecule is found to be incorporated 
into the unoccupied cavity of the second cycle [other two 
acetonitrile molecules are located between the three-compo- 
nent supramolecule giving the composition of 2: 3 (7b: 
CH3CN) to this structure]. To our knowledge this three- 
component supramolecular assembly is the first example of 
such an inclusion behaviour of an azobenzene-based mac- 
rocycle in the crystalline state. Interestingly, within the self- 
assembly the two cycles are enantiomeric to one another 
(Figure 2). 

The 'H-NMR spectrum of 7b at 30°C shows two sepa- 
rate lines at 6 = 2.24 and 2.41 originating from the pipera- 
zine moiety. Piperazine itself gives only one sharp singlet at 

4 5a, 5b, 8 6a, 6b, 9 

SPACER= 

i ii = = 4 reflux h in 4 62% h in HBr EtOHIKZC03 (aq.), 60 - mixture 70 "C Boa 5a, 6a 

5 h 6 b  
iii = N& (aq.) + extraction with CHzClz 

4 N C  8,9 

high dilution, 
base 6aor6b + 2 

R = O  7a 

9 + 2  

Figure 1. Aview[15] of the X-ray structure of (E)-7b; only the included 
acetonitrile is shown 
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properties of systems of this type. The UV-spectral 
measurements show strong absorption bands at 339 (7a) 
and 337 nm (7b) (Table 1). Irradiation of 7a, and 7b with 
UV light (350 nm) causes the isomerisation of the ( E )  form 
to the ( Z )  form (Table 1). The (2) form of 7b is remarkably 
stable, and it was possible to separate it from the (E) / (Z)  
mixture by column chromatography (see Experimental). -”- 9 

hv, h = 350 nm - 0‘- heat or hv, 

Figure 2. Two enantiomers of (E)-7b in the crystalline state 

6 = 2.83 under the same conditions. The nonequivalence of 
the piperazine protons of 7b is due to the different spacers 
at the piperazine nitrogen atoms 1 and 4. The upfield shift 
of the signals of the piperazine protons in 7b is caused by 
ring current effects of the aromatic spacers. A variable-tem- 
perature investigation of 7b performed between 30 and 
-65°C showed interesting features. At -65°C there exist 
two pairs of resonance patterns (two doublets and two trip- 
lets) owing to a slow ring inversion (on the NMR time 
scale) of the piperazine moiety and subsequent nonequival- 
ence of the piperazine protons. This means, that in this 
“frozen” state the geminal protons of the piperazine ring 
are magnetically different also giving the observed coupling 
patterns. Spectral coalescence of 7b occurs at - 10°C. Ac- 
cording to the Eyring equationL8], this coalescence tempera- 
ture corresponds to an energy barrier of 51 kJ/mol. For 
piperazine the coalescence temperature is - 50°C corre- 
sponding to an energy barrier of 45 kJ/mol, same as in 
cyclohexane[’I, but when there are substituents on the nitro- 
gen atoms of piperazine the coalescence temperature and 
energy barrier of ring inversion increases. For example, the 
coalescence temperature of 1,4-bis( 1-methylpropy1)pipera- 
zine is -20°C corresponding to an energy barrier of 50.4 
kJlmo1, which is approximately the same as the energy bar- 
rier of 7b. It seems that coalescence temperature and energy 
barrier depends on the N-substituents of piperazine, but not 
the strain of the macrocycle. Substitution in the piperazine 
unit as well as in the spacers may still further increase this 
barrier, thus also affecting the molecular recognition 

.. 
3,7a, 7b, 10 

3a, 7c, 7 4  10a 

Suitable single crystals of 10 were obtained by slow evap- 
oration of a ch1oroform:acetonitrile (1 : 1) solution. The X- 
ray structure of 10 nicely illustrates the large ellipsoidal cav- 
ity (Figure 3 )  with dimensions from 8 to 14 W. In the crys- 
talline state 10 undergoes self-aggregation to afford “nano- 
tubes” or “nanochannels” by stacking. Into these tubes one 
chloroform and one acetonitrile molecule are included. The 
other chloroform molecule occupies the interstices between 
the tubes. The packing diagram (Figure 4) shows the tubu- 
lar structure, reminiscent of those found in cyclodextrin~[~l. 
The solvent molecules inside the tube are disordered (1 ace- 
tonitrile and 1 chloroform molecule both with a population 
parameter of 0.5). The interaction of 10 with CH3CN is 
suprisingly strong and exists also in solution, as the high- 
field shift in the ‘H-NMR spectrum (A6 = 0.5) proves. The 
UV measurements of 10 (Table 1) support the existence of 
a photostationary state when the sample is irradiated by 
UV light. 

Figure 3. A view[’5] with dimensions of the cavity of 10 (X-ray struc- 
ture) 

Piperazine macrocycles have been found to have very 
interesting inclusion and metal-complexing properties. 
When azobenzene units have been incorporated into these 
piperazine macrocycles, exposure to UV light causes vari- 
ation of the shape and size of the cavity. In the crystalline 
state these photoactive macrocycles also show a novel 
supramolecular behaviour. 

We thank Dr. M. Bauer, Department of Chemistry, University 
of Joensuu, for valuable discussions and hints, Dr. G Eckhurdt, and 
Dr. S. Schuth, Institut fur Organische Chemie und Biochemie der 
Universitat Bonn, Germany, for recording the FAB-MS spectra 
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Figure 4. A view showing the tubular packing of 10 with disordered 
solvent molecules inside (X-ray structure) 

and Mr. R. Kauppinen, Department of Chemistry, University of 
Jyvaskyla, for measuring the NMR spectra. Financial support was 
supplied by the Finnish Academy, (Project No. 1031 137, including 
a post-graduate grant for J. H.) and CZMO (postdoctoral grant for 
J. S.), which we gratefully acknowledge. 

Experimental 
Melting points: Electrothermal IA9200 (uncorrected). - UV/ 

Vis: Perkin Elmer Lambda 5.  - 'H NMR: Jeol 270 GSX (270.17 
MHz). - I3C NMR: Jeol 270 GSX (67.94 MHz), Jeol FX 90Q 
(33.3 MHz). - MS: VG auto Spec HRMS. - FAB MS: Kratos 
Concept 1 H (in mNBA). - Thin-layer chromatography: Silica gel 
60 F254 (Riedel-de Haen). - Column chromatography: Silica gel S 
(32-63 pm) (Riedel-de Haen), Silica gel 60 F254 (63-200 pm) 
(Merck). 

4,4'-Bis(bromomethyl)azobenzene (2)[1°1: A mixture of 6.6 g (31.4 
mmol) of 4,4'-dimethylazobenzene, 12.4 g (69.7 mmol) of N- 
bromosuccinimide and azobisisobutyronitrile was stirred and re- 
fluxed while illuminated with two 150-W lamps for 8 h in 500 ml 
of tetrachloromethane. After cooling of this mixture the solvent 
was evaporated. The residue was boiled in water, filtered and 
washed several times with hot water. The orange filter residue was 
dried, boiled in 250 ml of tetrachloromethane and filtered immedi- 
atelly through a hot Biichner funnel. The filter residue consisted of 
5.5 g of the desired product as an orange powder. A second crop 
was obtained from the filtrate, which also contained small amounts 
of side-products which were treated with tetrachloromethane as 
above. The overall yield was 6.3 g (54Y0). M. p. 217-218°C (ref.['OI 
218°C). - 'H NMR (CDCI,, TMS): 6 = 4.55 (s, 4H, ArCH,Br), 
7.54 (d, 4H, Ar-H), 7.89 (d, 4H, Ar-H). - I3C NMR (CDC13, 
TMS): 6 = 32.63, 123.37, 129.90, 140.80, 152.32. 

1,3,7,9 (1,4) - Tetrabenzena-2,8-bis(diazena) -5, I 1  (1 ,4 )  -dipiper- 
azinacyclododecaphane (3)[*1: 0.234 g (2.72 mmol) of piperazine (1) 
and 1.0 g (2.72 mmol) of 2 were each dissolved in 250 m of aceto- 
nitrileltetrahydrofuran (4: l), and the resulting solutions were 
dropped slowly and simultaneously during 8 h into a boiling mix- 
ture of 1.78 g (5.44 mmol) of caesium carbonate, 700 ml of aceto- 
nitrile and 70 ml of tetrahydrofuran. The mixture was kept re- 
fluxing for additional 5 h. After cooling to room temp. the inor- 
ganic salts were filtered off, the organic solvents were evaporated, 
and the residue was chromatographed on silica gel (CHCI3/ 
CH,OH, 1 : 1). The product was recrystallised from CH2C12/hexane 
(1 :1) to give 132 mg (16%) of an orange powder; Rf = 0.68 (CHC13/ 

[*I Named by using the forthcoming new IUPAC approved system for 
phane nomenclature, see ref.L5]. 

CH,OH, l:l),  m.p. >300"C. - UV (CH2C12): h,,, (lg E) = 240 
nm (4.322), 327 (4.640). - 'H NMR (CDCl,, TMS): 6 = 2.48 [s, 
16H, RN(CH2CH&NR], 3.69 (s, 8 H, Ar-CH2-piperazine), 7.40 
(d, 8H, Ar-H), 7.83 (d, 8H, Ar-H). - I3C NMR (CDC13, TMS): 
6 = 52.72, 62.50, 122.68, 130.22, 140.83, 152.32. - MS (FAB, Ma- 
trix: mNBA), mlz (Yo): 584 (48) [M+ + H+]. - C36H40Ns . 0.5 
CH2C12 (627.2): calcd. C 69.89, H 6.59, N 17.86; found C 70.27, 
H 6.61, N 17.82. 

Bis/4-(l-piperazinylmethyl)phenylj Ether (6a), Bis([4-(1- 
piperazinylmethyl)phenylJmethane (6b) and 2-Nitro-1,3-bis(l-piper- 
aziny1methyl)benzene (9): 2.50 g (12.8 mmol) of 4 and 6.00 g (43.4 
mmol) of potassium carbonate were dissolved in 30 ml of dimethyl- 
formamide. To the resulting solution was added dropwise a solu- 
tion of 6.42 mmol of the respective bis(bromomethy1)arene (5a, b 
or 8) in 20 ml of dimethylformamide during a period of 30 min. 
After the addition was complete the solution was kept in a water 
bath at 65-70°C for 4-7 h. The inorganic material was filtered 
off, and the solvent was removed from the filtrate in vacuo. To the 
residue 30 ml of 62% hydrobromic acid was added, and the mixture 
was kept at 60-70°C for 7 h. The acid was removed in vacuo (be- 
low 60°C) and the residual oil treated with 50 ml of ethanol. The 
precipitate formed was filtered and washed several times with etha- 
nol. The solid was dissolved in conc. aq. NH3, and the solution was 
extracted three times with dichloromethane. The combined organic 
layers were dried with sodium sulfate and evaporated to dryness to 
give the compounds 6a, 6b, and 9, respectively. 

6a: Yield 2.00 g (85%), m.p. 108-1 10°C. - 'H NMR (CDC13, 

[t, 8 H, RN(CH2CH2)NH], 3.46 (s, 4H, Ar-CH,-piperazine), 6.94 
(d, 8H, Ar-H), 7.27 (d, 8H, Ar-H). - I3C NMR (CDCI,, TMS): 

eV), m/z (77): 366 (30) [M+], 281 (100) [M+ - piperazine]. 

TMS): 6 = 1.96 (s, 2H, NH), 2.42 [t, 8H, RN(CH2CH2)2NH], 2.89 

6 = 46.08, 54.37, 63.03, 118.51, 130.49, 132.87, 156.37. - MS (35 

6b: Yield 2.12 g (90"/0), m.p. 119-122°C. - 'H NMR (CDC13, 

8 H, RN(CH2CH2),NH], 3.45 (s, 4H, Ar-CH2-piperazine), 3.93 (s, 
2H, Ar-CH2-Ar), 7.12 (d, 4H, Ar-H), 7.22 (d, 4H, Ar-H). - I3C 

129.33, 135.70, 139.95. - MS (35 eV), mlz (%): 364 (30) [M+], 278 
(100) [M+ - piperazine]. 

9: Yield 1.63 g (8O0/,), m.p. 97-100°C. - 'H NMR (CDC13, 

[t, 8 H, RN(CH2CH2),NH], 3.54 (s, 4H, Ar-CH2-piperazine), 7.35 
(s, 3H, Ar-H). - I3C NMR (CDCl,, TMS): 6 = 46.00, 54.34, 
59.28, 129.68, 131.35, 150.57. - MS (35 ev), mlz ("h): 319 (10) 
[M+], 233 (50) [M+ - piperazine]. 

TMS): 6 = 2.41 [t, RN(CH2CH&NH], 2.74 (s, 2H, NH), 2.88 [t, 

NMR (CDC13, TMS): F = 41.31, 45.84, 54.10, 63.30, 128.73, 

TMS): 6 = 1.64 (s, 2H, NH), 2.35 [t, 8H, RN(CHzCH2)2NH], 2.81 

Macrocycles 7a and 7b: Both macrocycles were prepared accord- 
ing to the same cyclization procedure used for the synthesis of com- 
pound 3. Compounds 7a, and 7b were separated by silica gel chro- 
matography using chloroform/methanol (1 : 1) as the eluent and 
were recrystallised from acetonitrile. 

1,3,7,9 ( I  ,4) - Tetrabenzena-2-diazena-8-0xa-S,11(1,4) -dipiper- 
azinacyclododecaphane (7a): Starting materials: 0.5 10 g (1.39 
mmol) of 6a and 0.512 g (1.39 mmol) of 2; yield after cyclization, 
chromatographic workup, and crystallisation 160 mg (20%) of 7a. 
- TLC (silica gel): Rf = 0.59 (CH30H/CHC13, 1 : I ) ,  m.p. >27OoC. 
- UV (CH2C12): h,,, (lg E )  = 338 nm (4.250). - lH NMR 

R'N(CH2CH2),NR2], 3.35 (s, 4 H, Ar-CH2-piperazine), 3.99 (s, 
4H, Ar-CH,-piperazine), 6.85 (d, 4H, Ar-H), 7.14 (d, 4H, Ar-H), 
7.34 (d, 4H, Ar-H), 8.00 (d, 4H, Ar-H). - I3C NMR (CDC13, 
TMS): 6 = 50.51, 53.26, 61.18, 61.35, 118.22, 122.59, 129.97, 
131.34, 134.08, 137.09, 152.26, 156.23. - MS (35 eV), m/z ("h): 572 

(CDC13, TMS): 6 = 2.31 [s, 8H, R'N(CH2CH2)2NR2], 2.46 [s, 8H, 
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(100) [M+], 363 (10) [M+ - diazobenzene], 293 (20), 280 (IO), 208 

14.67; found C 75.34, H 7.06, N 14.56. 

1,3,7,9( 1,4)-Tetrcrbenzena-2-diazena-5,11(1,4) -dipiperazina- 
cyclododecaphane (7b [(E)  form] and 7b [(Z)  form]): Starting 
materials: 0.729 g (2 mmol) of 6b and 0.736 g (2 mmol) of 2; yield 
afier separation on silica gel (CH30H/CHC13, 1 : 1) and crystalli- 
sation from acetonitrile 225 mg (20%) of 7b. - TLC (silica gel). 
Rf = 0.6 (CH30H/CHC13, 1: I), m.p. 255-260°C. - UV: h,,, (Ig 
E) = 338 nm (4.262). - 'H NMR (CDC13, TMS): 6 = 1.99 (s, 

R1N(CH2CH2),NR2], 3.30 (s, 4H, Ar-CH2-piperazine), 3.90, (s, 
213, Ar-CH2-Ar), 3.92 (s, 4H, Ar-CH2-piperazine), 6.95 (d, 4H,  
Ar-H), 7.06 (d, 4H,  Ar-H), 7.27 (d, 4H, Ar-H), 7.92 (d, 4H,  Ar- 

62.25, 122.71, 128.86, 129.02, 131.22, 137.04, 137.50, 139.29, 
151.42. - MS (FAB, mNBA), m/z (%): 571.3 (10) [M+ + H+]. - 
(:37H42N6 . 1.5 CH3CN (632.4): calcd. C 75.98, H 7.41, N 16.61; 
found C 75.90, H 7.48, N 16.61. 

Separation of the ( E )  and ( Z )  Form of7b: Exposure of 10 mg 
of 7b in CH2C12 to UV light (h = 350 nm) and chromatographic 
workup on silica gel (CHC13/CH30H, 1 : 1) gave 5 mg (50%) of 7d 
[(Z) form]. - TLC (silica gel): Rf = 0.7 (CHC13/CH30H, 1:l). - 
UV (CH2CI2): h,,, (ig E) = 447 nm (3.255). - 'H NMR (CDC13, 
TMS): 6 = 2.43 [s, 16H, RN(CH2CH2)2NR], 3.41 (s, 4H, Ar-CH2- 
piperazine), 3.66 (s, 4H, Ar-CH2-piperazine), 3.82 (s, Ar-CH,-Ar), 
6.84 (d, 4H, Ar-H), 7.10-7.18 (m, 12H, Ar-H). - 13C NMR 

129.83, 130.22, 140.77, 151.60. 

(lO), 196 (30). - C ~ ~ H ~ O N ~ O  (572.75): CdCd. C 75.49, H 7.04, N 

4.5H, CH3CN) 2.24 [s, 8H, R1N(CH2CH2)2NR2], 2.41 [s,  8H, 

H). - 13C NMR (CDC13, TMS): 6 = 40.94, 50.80, 53.67, 61.63, 

(CDC13, TMS): 6 = 42.09, 51.29, 53.50, 62.50, 120.67, 128.35, 

72, 172-Nitro-1,3,11, 13 (1,4), 7, I7(1,3)  -hexabenzena-2,12-bis- 
(diazena)-S,9,15,19-tetrapiperazinacycloeicosaphane (10): 0.400 g 
(1.25 mmol) of 9, 0.461 g (1.25 mmol) of 2, and 0.815 mg (2.50 
mmol) of ceasium carbonate were allowed to react as described 
above. Chromatographic workup on silica gel using CHC13/CH30H 
( 5 :  1 )  and recrystallisation from chloroform yielded 156 mg (24%) 
of 10. - TLC (silica gel): R f  = 0.32 (CH30H/CHCI3, 5:1), m.p. 
4 0 0  C. - UV (CH2C12): A,,, (lg E) = 330 nm (4.579). - 'H 

RN(CH2CH2)2N, 32H], 3.42 (s, 8 H, Ar-CH2-piperazine), 3.54 (s, 
8H, Ar-CH2-piperazine), 7.33 (m, 14H, Ar-H), 7.75 (d, 8H, Ar- 
H). - I3C NMR (CDC13, TMS): 6 = 52.85, 53.07, 58.03, 62.63, 
122.77, 129.59, 129.94, 131.05, 131.50, 141.13, 151.02, 152.29. - 

NMR (CDC13, TMS): 6 = 1.47 (s, 3H, CH3CN), 1.33 [s, 

MS (FAB, mNBA), mlz ("h): 1051.6 (10) [M+ + H+]. - 
C60H70N1404. CH3CN. 3 CHCl, (1450.5): calcd. C 53.82, H 5.28, 
N 14.48; found C 54.13, H 5.35, N 13.91. 

Irradiation Experiment with 3, 7a, 7b, 10: A solution of the re- 
spective macrocycle [all-(E)] in CH2C12 [c = 2.5 . lOW5 mol dm-3 
(3 and lO), c = 5.0 . 10-5 mol dm-3 (7a and 7b)l was prepared in 
the dark and filled into a quartz cuvette. The cuvette was irradiated 
at 350 nm for 10 min, and the UV/Vis spectrum (500-200 nm) was 
measured immediately. 

X-Ray Studies["]: Suitable crystals of macrocycle 7b were ob- 
tained by slow evaporation of an acetonitrile solution, which gave 
deep red crystals. Crystallisation of phane 10 from chlorofordace- 
tonitrile (1 : 1) solution furnished yellow-orange crystals. 

X-Ray Crystal Structure Analysis of 7b: Crystal data: 
C ~ H d I 2 0 2  . 3 CH&N, M,,, = 1268.660, monoclinic, space 
group P 2 J c  (no. 14), a = 11.089(4), b = 20.074(3), c = 36.637(7) 
A, p = 116.21(2)", V = 7317(3) A3, Z = 4, D, = 1.152 g ~ m - ~ ,  
F(OO0) = 2664, T = 296 +1 K. Data collection and reduction: Data 
were collected from a deep red crystal of the size 0.2 x 0.3 x 0.5 

mm. Data were recorded with an Enraf-Nonius CAD4 dif- 
fractometer by using graphite-monochromatised MO-K, radiation 
[h(Mo-K,) = 0.7107 A] and 0/28 scan mode to 20 = 46" (h: 0 + 
11, k: 0 .--) 20, I: -37 + 37). Of the 8327 collected reflections 4323 
with Z > 1.4oZ were used for refinement. An empirical absorption 
correction["] [h (MO-K,) = 0.656 mm-'] was applied to the data 
with minimum and maximum correction coefficients of 0.717 and 
1.136, respectively. Structure solution and refinement: The struc- 
ture was solved by direct and subjected to full-matrix 
refinement['4]. All non-H atoms were refined anisotropically. The 
hydrogen atomsawere calculated to their idealised positions (C-H 
distances 1.00 A) with fixed isotropic temperature factors ( U  = 
0.08 2). The &/parameter ratio = 5.05 and the final R value was 
0.068 and R, = 0.070 for 856 parameters. w = w' . [1.0 - (AF/6 . 
OF)~]'; where w' = Chebychev polynomial for F, with four coef- 
ficients (2.14, -0.396, 1.32, -0.451). Convergence, max. shiftlerror 
CO.10. A final difference map displayed no electron density higher 
than 0.23 e A-3. 

X-Ray Crystal Structure Analysis of' 10: Crystal data: 
[C60H70N1404 . CH3CN . CHC13] ' CHC13, M,,, = 133 1.1 1, mono- 
clinic, spate group P21/c (no. 14), a = 15.305(1), b = 6.136(1), c = 
42.477(4) A, p = 93.65(1)", V = 3982.2(6) A3, Z = 4, D, = 1.1 10 
g ~ m - ~ ,  F(OO0) = 1396, T =  296 t 1 K. Data collection and re- 
duction: Data were collected from a yellow-orange crystal of the 
size 0.25 X 0.30 X 0.45 mm. Data were recorded with a SYNTEX 
P21 diffractometer using graphite monochromatized Cu-K, radi- 
ation [h(Cu-K,) = 1.5418 A] and o scan mode to 20 = 113" (h: 
-13 13, k:  0 + 6, I :  0 + 42). Of the 4779 collected reflections 
1971 with I > l o l  were used for refinement. An empirical absorp- 
tion correctionII2] [h(Cu-K,) = 0.263 mm-'1 was applied to the 
data with minimum and maximum correction coefficients of 0.743 
and 1.287, respectively. Structure solution and refinement: The 
structure was solved by direct methods[I31 and subjected to full- 
matrix refinement[l41. All non-disordered non-H atoms were re- 
fined anisotropically. The disordered chloroform and acetonitrile 
molecules inside the channels were located from the A F  map and 
then refined isotropically with the occupancy 0.5 and geometrical 
restraints to prevent anomalous bond distances and angles [re- 
straints used were C-CI, 1.770(1) A, C-CI-C, llO.O(l)o, C-C, 
1.490(1), CN, 1.180(1) A and C-CN, 180.0(1)"]. During the final 
refinements the disordered molecules were included in the final 
structure factor calculations, as they were after isotropic refine- 
ments, but were not refined. The hydrogen atoms were calculated 
to their idealised positions (C-H distances 1.00 A, 1.05 A for 
chloroform) with fixed isotropic temperature factors ( U  = 0.08 A2) 
and included in the final structure factor calculations, but were not 
refined. The Fb/parameter ratio = 5.08, final R value 0.112 and 
R, = 0.123 for 388 parameters: w = w' . [1.0 - (AN6 . ~ f l * ] ~ ;  
where w' = Chebychev polynomial for F, with four coefficients 
(3.64, 5.07, 2.60, 0.457). Convergence, max. shift/error <0.02. A 
final difference map displayed no electron density higher than 0.82 
e A-3. 
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