
Tetrahedron Letters,Vo1.27,No.48,pp 5869-5872,1986 0040-4039/86 $3.00 + .OO 
Printed in Great Britain Pergamon Journals Ltd. 
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CYCLOPHANE TYPE MACROBICYCLIC ANION RECEPTOR MOLECULES 

Dennis Heyer and Jean-Marie Lehn” 
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Abstract. Three tripZy bridged cycl,ophane type, macroLGzyc kc po Zyam Lazes 1-a have been syn- 

thesizea; in theT:r hexa-pratonated form they strongZy b?:nti a variety of anionic substrates, 

thus act?:ng as anion receptor molecules. 

Anion coordination chemistry, the complexation of anionic species by organic receptor 

molecules is being studied more and more actively, establishing itself as a new field of 
192 coordination chemistry . In order to define the basic structural, thermodynamic and reac- 

tional features of anion complexes, suitable ligands capable of effecting strong and 

selective anion binding must be developped. 

In earlier work we have described several classes of anion complexing agents of 

acyclic, macrocyclic or macropolycyclic type containing ammonium and guanidinium groups as 

binding sites ( 1,3 and references therein). In a continuing exploration of ligand georne- 

tries, we now report the synthesis of three new macropolycyclic ligands. Two of them, 1 and 

g are of cylindrical structure A and belong to the macrobicyclic triply bridged (1,3,5)- _ 

cyclophane type; the third one 3 has dome shape E and combines two different tripodal 

binding subunits5, one of 1,3,5_trisubstituted benzene type and one of tren, N(CH2CH2CH2J3, 

type. Compound 3 is a hybrid between i and 5 one one hand, and, on the other hand, the _ 
"Bis-Tren" macrobicyclic receptor which was shown earlier to strongly and selectively bind 

anions in a structurally well defined coordination geometry;'. 

Synthesis of the Macrobicyclic Polyamines l-2. 

The synthesis of compounds i-2 was based on the tripode-tripode coupling 

constructing the macrobicyclic structure. 

The tris-tosylamide 2 was obtained by treatment of the tribromide 2 with 

reduction of the resulting triazide with LiAlH4 and reaction of the triamine 

tosylchloride (75% overall yield). Condensation of tribromide 5 
7 

strategy6 for 

sodium azide, 

obtained with 

with excess 

TsHNCH2CH2CH20(THP)' (K2C03, CH3CN, &I", 24hJ gave 6_ (79%) which by deprotection (IVleOH, _ 

pTsOH catalytic, r.t., lh) to Z (90%) and mesylation (ivlsC1, Et3N, CH2C12, -78°C + 25"C, 

2h) yielded 8 (98%). Reaction of 2 with C1CH2CH2DCH2CH20(THP)6 (K2C03, Dlyii, 8O"C, 18-36h) 

gave 10 (60%; which by deprotection and mesylation afforded successively il (96%) and iz 

(98%) (same conditions as with 5 and l respectively). 

Dedicated to Professor Guy Ourisson on the occasion of h;k 60th birthday. 
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The triple coupling reaction between 2 and g was conducted in conditions similar to 

those described earlier6, dropwise addition of 8 to 2 in OiG over 7h, in presence of Cs2C03 _ 

at 80°C. The triply bridged hexatosylamide 2 was isolated by chromatography of the crude 

condensation product on alumina and crystallized with 0.5 CHC13 from CHC13/ttOH in 65:; 

yield. Reaction of 2 with ]I followed by purification in similar conditions afforded the 

cyclophane hexatosylamide 12 (white powder) in 357,: yield. Finally, applying the same 

condensation and purification procedures to the reaction of 2 with l$ (prepared as 

previously described6), gave the macrobicyclic hexatosylanide 15 (white powder) in 48': 

yield. 

The final step, the removal of the tosyl groups, was performed by treating the 

hexatosylanides !J, 12 and 15 with 33% HBr/AcOH in presence of a large excess of phenol at 

40°C for 24h. Use of a lower temperature and longer reaction time than in previous work6, 

markedly improved the yields in the present cases. Conducting the reactions at room 

temperature might lead to further improvement. The crude hydrobromide salts obtained were 

passed over an ion exchange resin in its basic form to give the free amines, which were 

isolated by crystallization from isopropanol as the hexatosylate salts of 1, 2 and 2 in 

48%, 22% and 40": yield respectively. iinally, another compound of type @, possessing 

shorter bridges than 2, was prepared by condensing N(CH2CH2CH2NHTos)3 
6 -- 

wltll 2, to give the 

tritosylarnide L$ (56%) which was converted into 

similar to those described above. 

Y 

‘ir =I y 

Y 

4 Y=Br 

5 Y = NHTs 

6 Y= TsN-OTHP 

7 Y-TsN-OH 

8 y=TsN -0Ms 

the tetramine il (48;,) by procedures 

10 

11 

12 

14 

1 X-H R=-(CH2)3-- 

2 1,” I HC”*C”*0C”*CH2- 
9 X-Ts R=-(CH2)2- 

13 I ~:~cHp20CHp2- 

3 1;;" 
'-CH*CH20CHp2- 

l5 1 ;:r",, 22 C" OC,, 22 C,, - 

16 -(CH&-TsNCH2- bridges 

17 -(CHp)3-NNHCH2 - bridges 

Y=TsN -On OTHP 

-0- Y= TsN OH 

non Y=TsN OMs 

TS 

,-k,N*0- O"s13 



All new compounds described had microanalytical and spectral ('H-NlVR, 13C-NtilR, 

data in agreement with the assigned structures. The structure of 1 was confirmed by 

mass) 

deter- 

mination of the crystal structures of the hexatosylate and hexanitrate salts of l-6H+ 8. 
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Anion Binding by Receptor Molecules J-2. 

Protonation of the six secondary amine groups of compounds 1-2 yields macrobicyclic 

hexa-ammonium ions which may function as anion receptor molecules, their ammonium groups 

serving as interaction sites for binding the anionic substrates. Extensive N14R and pH- 

metric studies of anion binding were performed. Only a few results will be described here. 

Anion complexation by the hexaprotonated forms of i-1 was detected by the chemical 

shifts changes occuring in the 200 ~liHz proton NIV~R spectra of the ligands on addition of a 

given salt'. Whereas only small shifts were observed with 2-6Ht and 3-6Ht, i-6H+ gave large 

shifts especially with the N03-, S042- and Cl- anions (A 6= 135, 61) and 30 Hz respectively 

for the Cli2CH2Cli2 signal). NMR titration experiments indicated the formation of 1:l com- 

plexes by l-6H+ with N03-, Cl- and oxalate. Also a 1:l complex between 2-6Ht and dithionate 

-03S-S03- ,as isolated. pH-i"etric studies " indicated that l-6Ht - = ’ g-6Ht and 9-6Ht form 

stable complexes with a number of anions. The stability constants log KS lie in the range 

2.5-4.0 for the monovalent ions Cl-, N03-, N3-; for dianions like S04'-, S2062- and oxalate 

they reach values of 5.0-6.5. The proton NiviR spectrum (at 25°C) of 1-6Ht (hexatriflate or 

hexatosylate) in the presence of about 0.5 eq. nitrate (in CD3NU31 it- oxalate (in CD30D) 

contained the signals of both the coinplex and the free ligand, indicating that anion 

exchange was slow. 

The structure of the complexes may be either: i) of inclusion type, the anion being 

located in the cavity of the macropolycyclic receptor, as in anion cryptates described 

earlierlm3; .' 11) of exclusive type, with the anion outside the cavity and hydrogen bonded to 

the NH2+ sites on a face of the macropolycycle. The receptors 2 and 2, which possess rela- _ 
tively large cavities, should in principle be able to form inclusion complexes as well as 

exclusive ones with most anions studied; only the former can allow bonding of a single 

substrate to all NH2' sites; the l/l complex of S2062- with ;-6H+ may be of this type. The 

smaller receptor 1 could form inclusion complexes with the smaller anions, but binding of 

the larger ones (like S04'-, 
2- 

'2'6 ’ tosylate) is expected to be of exclusive type, as 

found for the tosylate anions in the crystal structure of l-6H+, 6 TsD- 8. 

The large NrVR shifts observed for l-6HC with certain anions, in particular with N03-, 

may indicate that a conformational change occured on binding. Indeed, in the crystal 

structure of l-6H+, 6N03- the macropolycycle has similar shape and the six anions are 

located outside the cavity as in the structure of the hexatosylate*, so that no large 

difference in NillR chemical shifts would be expected for these two salts. On the other hand, 

the l/l stoichiometry, the much higher stability compared to tosylate 
10 

as well as numerous 

NMR data (shifts, 14N and 15N NMR, relaxation times 
11 ) agree with an inclusive, cryptate 

structure for the nitrate complex in solution. This may indicate the occurence of an 

exclusive--,inclusive conversion when the anions are sufficiently well solvated by the 

medium to relax their hydrogen bonding to the NH2+ sites; as a result, internal binding of 

a single N03- could take place together with a conformational change turning the NH2+ sites 

towards the inside of the cavity. Similar processes might occur with the other anions 



which form highly stable complexes and give large NMR shifts. Salvation dependent 

interconversion between exclusive and inclusive cesium cryptates has been described 
12 . 

iurther studies are under way in order to investigate the inclusive/exciusive cryptate 

nature of the anion complexes formed by hexaprotonated i-2, the occurence of conversion 

from external to internal binding, as well as the thermodynamic and kinetic propertjes of 

these complexes. 

In conclusion, the polyarnmoniurr macrobicycles l-6Hf, -___-- 2-6H' and ?-6H' are novel receptor 

molecules yielding stable complexes with a variety of anions. They also provide study cases 

for the formation of exclusive and inclusive anion cryptate complexes. 
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