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Abstract A general strategy for the synthesis of tnpodands of C3 symmetry, which nvolves the reductive
amimation of tncyclof5 2 1 0%10decane-2,5,8-trone 1, 1s described. Preluminary studies show that these tnpodands
exhibit complexation and transport properties similar to those of previously described podands

Introduction

Molecular recognition by means of rationally designed synthetic compounds which may act as receptors
or hosts of several chermical species 1s an area of ever-growing importance, which 1n the last two decades has
experienced a rapid expansion 1 A common feature of molecular receptors 1s the presence of a relatively ngid
intramolecular cavity, which together with the adequate positioning of suitable functional groups makes the
formation of stable hosz-guest complexes possible

In connection to our work 1n the field of polyquinane chemustry,2 we have developed an effective
synthesis of all-cis-tncyclof5 2 1 04:10]decane-2,5,8-trione3 (hereafter referred to as triketone 1), whose
structural charactenistics strongly indicate the possibility of 1ts use for the construction of molecular receptors
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In the first place, the concavity of the perhydrotriquinacene skeleton of 1 suggests that 1 can serve asa
concave cap, providing a preorgamized cavity around of which rauonally designed hosts can be built In the
second place, 1 1s a chiral molecule of C3 symmetry, readily accessible 1n optically active form,4 this represents
an additional bonus since one could obtain chiral hosts derived from 1 suitable for enantioselective molecular
recognition 5 In the third place, the tniple functionalization 1n the penipheral rim of tnketone 1 represents an
adequate feature for the construction of tripodands,5 which on the other hand would mantain the C3
symmetry

In the present commumcation, as a first approximation to the preparation of perhydrotriquinacenic
hosts, we describe the synthesis of four tnpodands (2-5) derived from 1 Their complexation and transport
properties towards alkali-metal and ammonium cations are also described.
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Results and Discussion

1. Synthesis.

As a general prerequisite for the preparation of C3-perhydrotnquinacenic tripodands, 1t 1s necessary to
exert a rigorous stereochemical control which ensures a tris-endo configuration for the built-on chains, 1n order
to preserve both the concavity and the overall C3 symmetry of the system The only precedent for such a
transformation 1s a previous study from our laboratory on the reduction of 1 to the triol 64, 1n which we had
shown that whereas the reaction of 1 with metal hydndes leads to diastereomeric mixtures of products,
catalytic hydrogenation 1s totally stereoselective and affords the #ris-endo 1somer 6 1n 81 % yield

‘& % —_— CH,
HO ‘7; H,N o o/_

OH
6 7

In the hght of these results, the strategy chosen for the preparation of perhydrotriquinacemc podands
relies on the reductive amination’ of triketone 1 under catalytic hydrogenanon conditions.

The reductive amination of 1 with n-butylamine in EtOH 1n the presence of 10 % Pd on charcoal gives
the tnamne 2 1n 72 % yield The 13C-NMR spectrum clearly establishes both the diastereomernic punty and the
C3 symmetry of the product, to which we assign the tris-endo configuration The reaction with 2-
methoxyethylamine 1n the same conditions leads with a 51 % yield to the tripodand 3, which has an oxygen
atom 1 the chains This strategy 1s also effective for the synthesis of podands with longer chains and more
donor atoms such as tripodand 4, which 1s readily obtained (53 % yield) by reductive amination of 1 with
amine 7 This amine 1s easily prepared through tosylation and subsequent Gabriel reaction of commercially
available 3,6-dioxaoctanol 8

Finally, the use of the method for the assembly of tnpodands with aromatic donor end groups (which
usually show enhanced complexation properties?) 1s summarnized 1n Scheme 1. Starting from 8-chloro-3,6-
dioxaoctanol, chlonine substitution with guaiacol potassium salt, tosylation, azide displacement and catalytic
hydrogenation leads to amine 11 Subsequent reductive coupling with 1 affords tnpodand 5 with a 55 %
yield On the other hand, the analogous compound with 8-quinolyloxy end groups!01s not easily prepared by
ths strategy, since the reductive amination of cyclopentanone with azide 10j gives a compound (12) with a
hydrogenated pyndine moiety (see Scheme 1) It 1s important to note that tnpodands 3-5 present I3C.-NMR
spectra corresponding to C3 symmetry, as described above for 2
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a) Guaiacol, KOH, nBuOH, 100 % b} 8-Hydroxyquinoline, KOH, nBuOH, 90 %
c) TsCl, pyr, 65 % (91), 80 % (9]) d) NaNg, H,0, nBu,N*I", 76 % (101), 70 % (10})
e) Cyciopentanone, H,, MeOH, Pd-C, 54 % f) Ha, MeOH, Pd-C, 77 %

2. Complexation and transport properties

The complexation abihity of the new tripodands 2-5 towards alkali-metal and ammonium cations 1s
evaluated by extraction of aqueous solutions of Li*, Nat+, K+, Cs* and NH4+ picrates with chloroform
solutions of the hosts

Association constants (K,) and complexation free energies (-AG®) m ethanol-free, water-saturated
chloroform at 25 °C are convemently determined by the method of Cram.1! In our experiments we employ the
K and € (acetonitrile, 280 nm) values used by this author, since the intial concentrations of picrate and hosts
are identical The position of maximal absorption of the complexed picrate 1 chloroform, which 1n all mstances
appears below 370 nm, shows that the complexes exhibit a 1 1 stoichiometry 12 The K, and -AG® obtained for
podands 2-§ are shown in Table I It 1s readily seen that podands 2 and 3 do not show any sigmficant
association degree with any of the studied cations, probably due to the lack of electron-donor atoms 1n the
chains On the other hand, podands 4 and 5 present association constants sumlar (or even larger) to those
obtained for previously known podands 6.9.10.13 These podands do not show any sizable selectvity towards a
specific cation, 1t can also be readily seen that the presence of aromatic donor end groups (in podand 5) appears
not to be detenminant for the complexation process
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Table I Guest-Host Molar Fracuon (R) 2, Association Constants (K,)P and Complexation Free Energies
(-AGo)¢ 1n Deuterochloroform of Compounds 2, 3, 4 and 5 with Alkali-Metal and Ammomum Cations

Host Cation Rx103 Kix10‘3 -AGg
Li 0.08 0.25 32
Na 0.08 0.20 31
2 K 016 0.28 33
Cs 016 0.30 34
NH4 016 018 3.1
L 008 0.25 32
Na 0.12 0.31 34
3 K 016 0.28 33
Cs 0.16 030 3.4
NH,4 020 022 31
Li 66 03 293.6 7.4
Na 818 325.4 7.5
4 K 530 259.2 74
Cs 89 0 240.6 73
NH4 70 1 234 1 73
Li 57.5 243 6 73
Na 635 221.3 73
5 K 46 1 218 7 73
Cs 78 4 202.0 72
NH4 64 3 209 4 72

a) See Experimental Secuon b) In mol-1L ¢) In kcal mol-1

The transport properties of podands 4 and § (which as we have seen present relatively large association
constants) through an organic chloroform membrane!4 are shown in Table II for the lithium, sodium,
potassium and cesium picrates The results indicate that podands 4 and § are camners of moderate effecvity
(by comparison with dibenzo-18-crown-6 13 used as a reference compound) Although no selectivity towards
any specific cation 1s apparent, one can observe that the transport rate 1s inversely proportional to the 1onmc radu
of the cations In particular, podand 4 could offer some interest for the transport of hthium cation

Table II Transport Rates? of Alkali-Metal Catons By Hosts 4, 5 and 13

Through an Organic Membrane
L Na K Cs
4 47 4.2 3.7 21
5 27 19 12 10
13 1.3 37 215 105

a) In 10-8mol h-1
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Experimental

Ultraviolet spectra were obtained with a Perkin-Elmer Lambda 5 spectrometer 'H-NMR (200 MHz)
and 13C-NMR (50 MHz) spectra were recorded on a Vanan XL-200 instrument Infrared spectra were
obtained with a Perkin-Elmer 681 apparatus. Mass spectra were run on a Hewlett-Packard 5988A
spectrometer, using both electronic impact and chemucal 1onization techniques. Elemental analyses were
performed with a 1106 Carlo Erba microanalyzer instrument. All chromatographic purifications were
performed on sihicagel (Merck, 230-400 mesh ASTM), using (except where indicated) hexane-cthyl acetate
muxtures of increasing polarity as eluent.

All-cis,tris-endo-N,N',N" -tris-(n-butyltricyclo[5.2.1.0410]decan-2,5,8-triamine, 2.

An stirred solution of triketone 13 (0 10 g, 0 56 mmol) and n-butylamine (0 12 g, 1.67 mmol) mn
anhydrous methanol (20 mL) 1s hydrogenated at room temperature under atmospheric pressure during 24 h,
using 10 % Pd-C (0.04 g) as catalyst After filtraton through celite and evaporation of the solvents, the crude
product 1s purified by chromatography eluting with a 95 4 1 mixture of CH2Clp/MeOH/aq NH3 In this way,
pure triamune 2 (0 140 g) 1s obtained 1n 72 % y1eld as a colorless o1l A sample 1s distilled (230 °C, 1 mm Hg)
to give analyucally pure product

IR (CHCl3) 3150, 2970, 2940, 1470, 1360, 1140 cm'! 1H-NMR (CDCl3) 091 (1,J =7 2 Hz, 9H),
1.04-1 84 (m, 18 H), 2 3-2 8 (m, 7H), 2 59 (t, J = 7 Hz, 6H), 3 08 (p, ] = 6 1 Hz, 3H) 13C-NMR (CDCl3)
139 (q), 205 (1), 302 (1), 326 (1), 429 (d), 484 (1), 488 (d), 621 (d) MS (e1) 349 (M%), 306, 292,
277, 233, 206, 164, 138, 112 Anal caled for C22H43N3 C, 7564, H, 1218, N, 1203 % Found C,
7530, H, 1218, N, 1178 %

All-cis,tris-endo-N,N',N" -tris-(2-methoxyethyltricyclo[5.2.1.0410]decan-2,5,8-
triamine, 3.

An stirred solution of riketone 13 (0 10 g, 0 56 mmol) and 2-methoxyethylamme (0 13 g, 1 68 mmol)
1n absolute ethanol (10 mL) 1s hydrogenated at room temperature under atmospheric pressure during 24 h,
using 10 % Pd-C (0 04 g) as catalyst After filtration through celite and evaporation of the solvents, the crude
product 1s punified by chromatography eluting with a 88 10 2 mixture of CHClo/MeOH/aq NH3 In this way,
pure tnamine 3 (0 075 g) 1s obtained 1n 40 % yield as a yellow o1l, which can not be purified further by
distillation

IR (CHCIl3) 3320, 2950, 1460, 1350, 1240, 1200, 1110 cm'! 'H-NMR (CDCl3) 120 (m, 3H), 1 8
(m, 3H), 20 (m, 3H), 24-29 (m, 4H), 2 77 (t, J = 5 Hz, 6H), 3 10 (p, J = 6 Hz, 3H), 3 35 (s, 9H), 3 48
(t, 3 =51Hz, 6H) 13C-NMR (CDCl3) 301 (1), 43 1 (d), 48 2 (1), 489 (1), 58 7 (q), 62 1 (d), 723 (d)
MS (e1) 354 (M-1%), 324 (M-MeOH™), 310, 296, 281, 135, 207, 140, 117, 105, 91, 69, 59

3,6-Dioxaoctylamine, 7

a) To a cold (10 °C) solution of 3,6-dioxaoctanol (3 0 g, 22 mmol) 1n anhydrous pyndine (3 47 g,
0 44 mol) 1s added slowly p-toluenesulphonyl chloride (5 55 g, 27 mmol) The muxture 1s stred overmght at
5 °C and subsequently treated with water (30 mL) and methylene chloride (30 mL). The aqueous phase 1s
further extracted with methylene chloride (15 mL) The combined organic phase 1s successively washed with
aq 1 M hydrochlonic acid, aq saturated sodium bicarbonate and water (20 mL each) Evaporation of the
solvent affords 3,6-dioxaoctyl p-toluenesulfonate ( 6 6 g, quantitatve yield, pure by TLC) as a dense o1l

IR (film) 2980, 2880, 1610, 1450, 1360, 1185, 1030 cm'! !H-NMR (CDCl3) 115 (t, J = 6 Hz,
3H), 2 40 (s, 3H), 35 (m, 8H), 4 15 (t, ] = 5 Hz, 2H), 7 2-7 8 (AA'XX' system, 4H)

b) Without further punfication, a solution of 3,6-dioxaoctyl p-toluenesulphonate (1 0 g, 3 5 mmol) and
potassium phthalimide (0 64 g, 3 5 mmol) 1 anhydrous xylene (3 mL) 1s heated at 150 °C for 3 h 2mL of
xylene are subsequently distilled in vacuo and the residue 1s heated again at 150 °C dunng 15 h After cooling
at room temperature, acetone (8 mL) 1s added and the resulung mixture 1s stirred at reflux for 10 munutes The
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precipitate 1s filtered and thoroughly washed with acetone Evaporauon of the filtrates affords N-(3,6-
dioxaoctyl)phthalimide (0 8 g) 1n 87 % yield

IR (film) 3200, 3070, 2990, 2940, 2880 cm'! 1H-NMR (CD30D) 0.70 (t, J = 6 Hz, 3H), 2 8-3 3
(m, 10 H), 7 3 (br s, 4H)

c) Without further punification, a solution of N-(3,6-dioxaoctyl)phthalimide (0 67 g, 2 5 mmol) and
hydrazine hydrate (0 13 mL, 2 5 mmol) 1n methanol (6 mL) 1s heated at reflux during 6 h After separation of
the phthalimude and evaporation of the solvents the crude product 1s purified by column chromatography
eluting with a 88:10.2 mixture of CHaClo/MeOH/ aq NH3 This gives 3,6-dioxaoctylamine (7) (0212 g)as a
colorless o1l in 64 % yield

IR (CHCl3) 3400, 2980, 2930, 1870, 1600, 1450, 1360, 1120 cm'l 1H-NMR (CDCl3) 122(t,J =
7Hz,3H), 178 (s, 2H), 289 (t, 1 =51 Hz, 2H), 353 (t, J =53 Hz, 2H), 354 (q, J =7 Hz, 2H ), 3 62
(m, 4H) MS (c1, NH3)- 154 (M+18), 134 (M+1)

All-cis,tris-endo-N,N',N" -tris-(3,6-dioxaoctyl)tricyclo[5.2.1.0%10]decan-2,5,8-
triamine, 4

An stured solution of triketone 13 (0 15 g, 0 84 mmol) and amune 7 (0 34 g, 2 53 mmol) 1 anhydrous
methanol (30 mL) 1s hydrogenated at room temperature under atmospheric pressure duning 24 h, using 10 %
Pd-C (0 06 g) as catalyst After filtratton through celite and evaporation of the solvents, the crude product 1s
purified by chromatography eluting with a 88 10.2 mixture of CH>Cla/MeOH/aq NH3 In this way, pure
tnnamine 4 (0 235 g) 1s obtained 1n 53 % yield as a yellow o1}, which cannot be purified further by distillation.

IR (CHCIl3) 3000, 2950, 2880, 1600, 1500, 1450, 1330, 1250, 1125, 1050, 1030 cm~! !H-NMR
(CDCl3) 122 (t,J=71Hz,9H), 166 (p, ] =6 Hz, 3H), 222 (br s, 3 H), 247 (p, I = 8 Hz, 3H), 275
(m, 1H), 279 (t, J = 5 4 Hz, 6 H), 3 08 (p, J = 6 Hz, 3H), 3 4-3 6 (m, 27 H). 13C-NMR (CDCl3) 152 (q),
(3]8[ 11()0,1;13 2 (d), 482 (1), 489 (d), 621 (d), 66 6 (1), 698 (1), 704 (1), 70 83 (t). MS (c1, NH3) 530

8-(o-Methoxyphenoxy)-3,6-dioxaoctanol, 8i

Guaztacol (397 g, 32 mmol) and KOH (1 79 g, 32 mmol) are added to boiling n-butanol (150 mL)
When all solids are dissolved, 8-chloro-3,6-dioxaoctanol (5 0 g, 30 mmol) 1s added and the resulting mixture
15 heated at reflux during 20 h The KCl precipitate 1s filtered off and the solvent elimnated The residue 1s
dissolved 1n chloroform and the solution successively washed with 1 M aq NaOH and water Elirmnation of
the solvent affords alcohol 8i (7 1 g) 1n essentally quantitatively yield as a brown-coloured o1l

1H-NMR (CDCl3) 39 (s, 3H), 3 5-4 4 (complex signal, 13H), 69 (br s, 4H) MS (c1, NH3) 274
(M+18), 257 (M+1)

8-(0-Methoxyphenoxy)-3,6-dioxaoctyl p-toluenesulphonate, 9i

To a cooled (0 °C) solution of alcohol 8i (7 1 g, 28 mmol) 1n pyndmne (5 1 g, 64 mmol) 1s added
slowly p-toluenesulphony! chlonide (8 0 g, 38 mmol) The resulting mixture 1s stirred overnight at 20 °C and
poured over a mixture of water and methylene chloride (50 mL each) The aqueous phase 1s washed with
additional methylene chlonde and the combined organic phases are successively washed with aq 1 M HCI, aq
saturated NaHCO3 and water After ehmination of the solvents, the crude product 1s purified by
chromatography In this way, p-toluenesulphonate 9i (7 95 g) 1s obtained 1n 65 % yield as a white sohd

IR (KBr) 3010, 2960, 2860, 1600, 1500, 1460, 1360, 1255, 1180 cm'! 1H-NMR (CDCl3) 2 40 (s,
3H), 35 (s, 3H), 3 5-4 3 (complex signal, 12 H), 6 9 (br s, 4H), 7 2-79 (AA'XX' system, 4H) MS (c1,
NH3) 428 (M+18)
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1-Azido-8-(o-methoxyphenoxy)-3,6-dioxaoctane, 10i

An stirred mixture of p-toluenesulphonate 9i (7 95 g, 19 mmol), sodium azde (2 47 g, 38 mmol),
water (10 mL) and tetrabutylammonium brormde (0 5 g) 1s heated at reflux during 20 h The aqueous phase is
extracted with chloroform and the combined organic phases are washed with water. Elimination of the solvents
and chromatographic punfication gives the azide 10i (4 7 g) n 76 % yield as a colorless oil.

IR (film): 3080, 2940, 2890, 2110, 1595, 1505, 1450, 1255, 1230, 1180, 1125, 1030, 740 cm™! 1H-
NMR (CDCl3)* 3 2-4.4 (complex signal, 12H), 3 85 (s, 3H), 69 (br s, 4H) 13C-NMR (CDCl3)- 507 (1),
559 (q), 68 6 (1), 698 (1), 700 (1), 707 (1), 709 (1), 112 1 (d), 114 2 (d), 1209 (d), 121 5 (d), 148 4 (s),
149 7 (s) MS (c1, NH3)' 299 (M+18)

8-(o-Methoxyphenoxy)-3,6-dioxaoctylamine, 11

An stirred solution of azide 10i (2 0 g, 7 1 mmol) 1n dry methanol (40 mL) 1s hydrogenated at room
temperature under atmospheric pressure for 12 h, using 10 % Pd-C as catalyst. Filtration and evaporation of
the solvents gives crude material (0 78 g) which 1s chromatographed eluting with a 88-10 2
CH2Cl/MeOH/aq NH3 muxture In this way, amine 11 (1 4 g) 1s obtained 1n 77 % y1eld as a colorless oil.

IR (film) 3600-3100, 2940, 2890, 1595, 1510, 1460, 1260, 1230, 1130 cm-! 1H-NMR (CDCl3) 25
(br s, 2H), 2 85 (m, 2H), 3 35-4 30 (complex system, 13H), 6 9 (br s, 4H).

All-cis,tris-endo-N,N',N" -tris-(8-0-methoxyphenoxy-3,6-dioxaoctyl)tricyclo-
[5.2.1.04:10)decan-2,5,8-triamine, 5

An stirred solution of triketone 13 (0 15 g, 0 84 mmol) and amine 11 (0 645 g, 2.53 mmol) 1
anhydrous methanol (30 mL) 1s hydrogenated under atmospherc pressure and at room temperature duning 3
days, using 10 % Pd-C (0 10 g) as catalyst After filtration through celite and evaporanon of the solvents, the
crude product (0.775 g) 1s punified by chromatography eluting with a 88 10 2 mixture of
CH3Cl2/MeOH/aq NH3 In this way, pure tnamine 5 (0 235 g) 1s obtained 1n 55 % yield as a yellow oil,
which cannot be purified further by distillation

IR(CHCI3) 3070, 2940, 2870, 1595, 1510, 1455, 1350, 1330, 1260, 1230, 1180, 1130 cm'! !H-
NMR (CDCl3) 124 (m, 3H), 176 (m, 3H), 2 46 (m, 3H), 270 (m, 1H), 279 (br t, 6H), 2 88-3 18
(complex signal, 6H), 3 54-3 94 (complex system, 24H), 3 84 (s, 9H), 4 18 (t, ] = 54 Hz, 6H), 6 90 (br s,
12H) 13C-NMR (CDCl3) 299 (t), 430 (d), 48 1 (t), 48 9 (d), 56 0 (q), 62.1 (d), 68 7 (1), 697 (1), 70 3
(), 704 (1), 707 (1), 112 2 (d), 114 3 (d), 1209 (d), 121 6 (d), 148 4 (s), 1497 (s)

9-(8-Quinolyl)-3,6,9-trioxanonanol, 8j

8-Hydroxyquinolin (4.3 g, 30 mmol) and KOH (1 68 g, 30 mmol) are added to boiling n-butanol (150
mL) When all solids are dissolved, 8-chloro-3,6-dioxaoctanol (5 0 g, 30 mmol) 1s added and the resulting
muxture 1s heated at reflux during 22 h The KCl precipitate 1s filtered and the solvent ehminated The residue 1s
dissolved 1n chloroform and the solution successively washed with 1 M aqg NaOH and water Ehmmauon of
the solvent affords alcohol 8j (7 5 g) 1n 90 % yield as a yellowish o1l

IR (film) 3600-3100, 2960-2860, 1620, 1600, 1570, 1500, 1380, 1330, 1265, 1100 cm-! H-NMR
(CDCl3) 33-45 (m, 13H),70-75 (m, 4H), 810 (dd, J=9Hz, J'=2Hz, 1H),890(dd,J=9Hz,J =2
Hz, 1H) MS (c1, NH3) 278 (M+1)

9-(8-Quinolyl)-3,6,9-trioxanonanyl p-toluenesulphonate, 9j

To a cooled (0 °C) solution of alcohol 8j (7 47 g, 27 mmol) 1n pyridine (4 27 g, 54 mmol) 1s added
slowly p-toluenesulphony! chloride (6 83 g, 32 mmol) The resulting muxture 1s stirred overmght at 20 °C and
poured over a mixture of water and methylene chlonide (40 mL each). The aqueous phase 1s washed with
additional methylene chlonde and the combined orgamc phases are successively washed with ag 1 M HCI, ag
saturated NaHCO3 and water After elimination of the solvents, the crude product 1s punfied by
chromatography, eluting with a 88 10 2 mixture of CH2Clp/MeOH/aq NH3 In this way, p-toluenesulphonate
9j (9 31 g) 1s obtained 1n 80 % yield as a yellow o1l
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IR(film) 3080, 2930, 2870, 1600, 1570, 1500, 1350, 1310, 1260, 1170, 1110 cm-1. I1H-NMR
(CDCl3) 24 (s, 3H), 3 1-4 6 (complex signal, 12H), 7 0-8 2 (complex signal, 9H), 8 9 (m, 1H)

8-(8-Azido-3,6-dioxaoctyloxy)quinoline, 10j

An stirred muxture of p-toluenesulphonate 9j (9.31 g, 22 mmol), sodium azide (2 86 g, 44 mmol),
water (10 mL) and tetrabutylammonium brormde (0.5 g) 1s heated at reflux during 20 h The aqueous phase 1s
extracted with chloroform and the combined organic phases are thoroughly washed with water Elimnation of
the solvents and chromatographic punfication gives the azide 10j (4 74 g) in a 54 % overall yield from 8-
chloro-3,6-dioxaoctanol as a colorless o1l

IR (film) 3070, 2940, 2890, 2110, 1620, 1600, 1570, 1500, 1480, 1450, 1380, 1320, 1270, 1110,
830, 800, 760 cm-! 1H-NMR (CDCl3). 33 (t, J =5Hz, 2H), 37 (m, 6H), 4.1 (1, J=6 Hz, 2H), 45 (1, J =
6 Hz, 2H), 70-75 (m, 4H), 81 (dd, J = 5 Hz, J' = 2 Hz, 1H), 892 (dd, ] = 5 Hz, J' = 2 Hz, 1H) MS
(c.1, NH3): 303 M+1).

N-Cyclopentyl-9-(1,2,3,4-tetrahydro-8-quinolyl)-3,6,9-trioxanonanylamine, 12

An stirred solution of cyclopentanone (0 10 g, 12 mmol) and azide 10j (0 359 g, 1 2 mmol) in
anhydrous methanol (10 mL) 1s hydrogenated at room temperature under atmospheric pressure during 24 h,
using 10 % Pd-C (0.10 g) as catalyst After filtration through celite and evaporation of the solvents, the crude
product 1s purified by chromatography eluting with a 88 10:2 mixture of CH2Clp/MeOH/aq.NH3 In this way,
amne 12 (0 225 g) 1s obtained 1n 54 % yield.

IR (film)- 3400, 2960, 2880, 1610, 1580, 1500, 1340, 1250, 1050 cm-! !'H-NMR (CDCl3). 1 26-20
(complex signal, 10H), 2.6 (br s, 2H), 276 (1, J = 6.4 Hz, 2H), 2.79 (t, ] = 5 4 Hz, 2H), 3.07 (p, J = 6.9
Hz, 1H), 3 31 (t, J = 5 4 Hz, 2H), 3 65 (m, 6H), 3.83 (1, J = 5 Hz, 2H), 412 (t, ] = 5 Hz, 2H), 6 57 (m,
3H) 13C-NMR (CDCl3)- 221 (t), 24 1 (t), 26 7 (1), 41.5 (1), 47 0 (1), 59 8 (d), 68 O (1), 68 9 (1), 703 (¢,
2C), 70 6 (t, 2C), 109 6 (d), 1156 (d), 1216 (s), 1223 (d), 1352 (s), 1453 (s) MS (c1, NH3) 349
(M+1)

Determination of the association constants of tripodands 2, 3, 4, and 5§ with alkali-
metal and ammonium picrates

Aqueous solutions of concentration 0 015 M (for the L1 and Na picrates) and 0 010 M (for the K, Cs
and NHy4* picrates) are prepared, as well as 0 075 M solutions of each of the podands 2-5 1n ethanol-free,
water-saturated CDCl3 In separate centrifuge tubes are mtroduced 0.5 mL of the L1 and Na picrates and 1 mL
of the remaimg three. To each tube are then added 0.2 mL of a given podand solution, the well-stoppered tube
1s subsequently magnetically stirred during 3 munutes and centrfugated 1n order to separate the two phases 0 1
mL of the orgamic phase 1s extracted via syringe and diluted to 5 mL with anhydrous acetomtnle The
absorbance of the resulting solution 1s then measured at A = 380 nm using a water blank which has been
submutted to the same process than the picrate solution Direct apphcation of the Lambert-Beer law allows the
measure of the mmols of picrate extracted by the host, which divided by 0 0075 (the number of mmols of host
1n the sample) gives the guest host molar ratio, R The process 1s repeated for each podand Finally,
applicauion of the following equation!3 to each R value gives the K, values shown 1n Table I

Ka R
(1-R) Kel[MX - R‘\’ﬁl[HJch. :

R = guest / host molar ratio

Kq = dissociation constant of the picrate (see ref 13)

[MX]w = 1mitial concentration of the picrate 1n the aqueous phase
Vcht = chloroform volume used 1n the extraction

Vw = aqueous solution volume used 1n the extraction

[H;]ch1 = mmtial host concentration
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Transport rate of alkali-metal cations through an organic membrane, using podands 4
and §

The study of cationic transport through a hquid organic membrane 1s made on a cilyndric glass cell of 2
cm of internal diameter, 4 cm of external diameter and 8 cm of height, 1n which the inner and outer cylinders
are communmcated at the bottom 25 mL of a chloroform 7x10-5 M solution of podand 4 are mtroduced 1 the
cell Above this solution, in the outer cylinder, 12 mL of water (aqueous phase I) are disposed In the inner
cyhnder are introduced 4 mL of an aqueous solution which 1s 104 M 1n one of the metallic picrates and 0.1 M
1n the corresponding mitrate (aqueous phase II) The organic phase 1s magnetically stirred at constant rate,
taking care to avoid mixing of the phases The measure of the absorbances of the two aqueous phases (at A =
354 nm) 1s effected at intervals of 10 minutes. The percent of transported product from aqueous phase II,
%I1(t), 1s given by the following expression, %IKt) = [(Ag - Agr) / Aglx100, where Ag 1s the 1nitial absorbance
of phase II and Ay 1s the measured absorbance of phase II at time t. Applying the expression %I(t) = [Ag x 12
/ Ap x 4]x100, where A 1s the measured absorbance of phase I at tme t, the percent of transported product to
phase I, %I(t), 1s obtained This process 1s repeated for podand 5 and for dibenzo-18-crown-6 13, for each of
the picrates Next, the %I(t) and %II(t) values are plotted towards time It can be seen that duning the first 4
hours of transport the points can be fitted with good accuracy to straight hines, whose slopes give the transport
rates shown in Table II
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