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The design of polyammonium receptors containing
structural features that impart high selectivity in the
recognition of different guests in aqueous solution has
received much attention in the past several years.12 The
design of the receptors has been especially important in
the study of the molecular recognition of anions, where
structural factors have been shown to play significant roles
besides simple charge—charge interactions.?® Aromatic
subunits are often introduced as integral parts of the
receptors. A large number of macrocyclic or macropoly-
cyclic polyammonium receptors containing two or more
1,4-benzo subunits have been synthesized.”'2 Polyam-
monium receptors containing three or more 1,4-benzo
moieties have most often been used as water-soluble
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receptors with hydrophobic cavities that can also interact
with guests by =-stacking or w-cation interactions.8911.13
In some instances, two or three unfunctionalized p-phen-
ylene subunits have been introduced as spacers to link
two polyamine chains or two polyaza-crown structures to
form ditopic macrocycles or cryptands. Functionalization
of the aromatic rings can impart interesting properties to
thereceptors.!2 However, [n]paracyclophanes containing
O, N, or S donor atoms in the chain have been, up to now,
less studied despite their potentially attractive structural
features.’* In these compounds, the aromatic ring and
the donor atoms could converge in the cavity, and the
aromatic moiety could act as a rigid spacer between some
of the donor atoms in the chain. Recently we have found!%
that the 2,6,9,13-tetraaza[14]paracyclophane shows some
interesting properties as a receptor, especially in its
interaction with metal ions. For the preparation of this
receptor, the reaction of tosylated tetraamine 4 (R = T,
R’ =H) with 1,4-bis(bromomethyl)benzene in the presence
of metal carbonates in DMF, one of the most common
modifications of the method of Richman and Atkins,16-1%
afforded the expected product in low yields, but the yields
improved when the reaction was carried out in refluxing
CH;3;CN. Herein, we report this general method for the
simple and efficient preparation of polyaza[n]paracyclo-
phanes, as well as the scope and limitations of the method.
Several novel polyaza[n]paracyclophanes have been syn-
thesized in this way.

In the original procedure of Richman and Atkins,
polyazamacrocycles were synthesized by cyclization of the
disodium salt of a N-tosylated polyamine and a compound
containing two tosyl leaving groups in DMF.1617 In a
related method, the reactions of a tosyl amide monosodium
salt with bis(halomethyl)benzenes were reported for the
preparation of several {3.3]cyclophanes.? In situ depro-
tonation of the ditosylamine with Cs;CO; in DMF and
cyclization with various dibromides or dimesylates were
especially effective for the synthesis of large-sized
macrocycles.188 A similar procedure has been used, for
instance, to prepare several cupped azacyclophanes from
a tetrakis(bromomethyl) m-terphenyl.2! Alternatively,the
use of K3CO3 in DMF has been proven to be very useful

(12) (a) Kiggen, W.; Vogtle, F. Angew. Chem. Int. Ed. Engl. 1984, 23,
714-715. (b) Sun, Y.; Martell, A. E.; Motekaitis, R. J. Inorg. Chem. 1986,
25, 4780-4785. (c) Pierre, J. L.; Baret, P.; Gellon, G. Angew. Chem. Int.
Ed. Engl. 1991, 30, 85-86.

(13) (a) Schneider, H.-J.; Theis, I. Angew. Chem. Int. Ed. Engl. 1989,
28, 753-754. (b) Schneider, H.-J. Angew. Chem. Int. Ed. Engl. 1991, 30,
1417-1436.

(14) For the preparation of a triaza[11](2,6)naphthalenophane, see
ref 10e. A limited number of 1,4-benzo crown ethers have been also
prepared; see also, for instance: Helgeson, R. C.; Tarnowski, T. L.; Timko,
J. M.; Cram, D. J. J. Am. Chem. Soc. 1977, 99, 6411-6418.

(15) Andrés, A.; Burguete, M. L; Garcia-Espaiia, E.; Luis, 8. V.; Miravet,
J. F.; Soriano, C. J. Chem. Soc., Perkin Trans. 2, in press.

(16) (a) Richman, J. E.; Atkins, T. J. J. Am. Chem. Soc. 1974, 96,
2268-2270. (b) Atkins, T. J.; Richman, J. E.; Oettle, W. F. Organic
Syntheses, Wiley: New York, Collect. Vol. VI, pp 652-662.

(17) (a) Shaw,B.L.J. Am.Chem. Soc. 1975,97,3856-3857. (b) Martin,
A. E,; Ford, T. M.,; Bulkowski, J. E. J. Org. Chem. 1982, 47, 412-415. (c)
Martin, A, E.; Bulkowski, J. E. J. Org. Chem. 1982, 47, 415-418.

(18) (a) Vriesema, B. K.; Buter, J.; Kellogg, R. M. J. Org. Chem. 1984,
49,110-113. (b) Ostrowicki, A.; Koepp, E.; Vogtle, F. Top. Curr. Chem.
1991, 161, 37-67. (c) Galli, C. Org. Prep. Proceed. Int. 1992, 24, 285-307.

(19) (a) Chavez, F.; Sherry, A. D. J. Org. Chem. 1989, 54, 2990-2892.
(b) For the use of KsCOs/DMF in other cyclizations see: White, D. A.
Synth. Commun. 1977, 7, 559-568.

(20) Bottino, F.; DiGrazia, M.; Finocchiaro, P.; Fronczeck, F. R.; Mamo,
A.; Pappalardo, S. J. Org. Chem. 1988, 53, 3521-3529.

(21) Vinold, T. K.; Hart, H. J. Org. Chem. 1990, 55, 5461-5466.

0022-3263/93/1958-4749804.00/0 © 1993 American Chemical Society



4750 J. Org. Chem., Vol. 58, No. 17, 1993
Chart 1

e W hem Ry b R e N hem
R R R R R R R R R
1 2 3
(YA NN M
SR R L S S
R R R R R R R R R
4 5
(VY VA VanWan\
oy N g R W e
R Me R R Me Me Me R
6 7
Br
R R g @R'=H
b) R"= CH,
R R
Br
Chart 11
R
R N ﬁ
N ™
R _R\ R R R NR
NR NR ]
R R R D R R NR
R N R
R=Ts 10 1
R=H 15 16 17
R
R N7 ﬁ
N/—\ NR w
- R AN R R J R R
] RN NCH,
R R AN R R j R R
NR
N ) N
R g\/ R
R=Ts 12 13 14
R=H 18 19 20

a) R'=H, b) R'=CH,

for the preparation of small- and medium-sized polyaza
macrocycles including two polyaza 1,2-benzo macrocy-
cles.1®

None of the former methods was effective for the
preparation of polyaza[n]paracyclophanes. However,
under our conditions, the expected cyclophanes 9-14 (R’
= H or CHj3) could be isolated in 40-96% yields after
purification by chromatography or crystallization (see
Table I). For the preparation of starting tosylated
polyamine chains 1-6 (R = Ts, R’ = H), polyamines 1-6
(R = R’ = H) were treated with TsCl in the presence of
NaOH in a H;O/THF mixture. Amines1-6 (R=R’=H)
were commercially available, and compound 7 (R = H, R/
= Ts) was prepared according to a previously reported
procedure.?? In a typical cyclization reaction (Scheme I)
asolution of the bis(halomethyl)benzene 8 in CH;CN was

(22) Bencini, A.; Bianchi, A.; Garcfa-Espaiia, E.; Fusi, V.; Micheloni,
M.; Paoletti, P.; Ramirez, J. A.; Rodriguez, A.; Valtancoli, B. J. Chem.
Soc., Perkin Trans. 2 1992, 1059-1065.

Notes

Table I. Isolated Yields of Tosylated
Polyaza[n]paracyclophanes

bis(bromo- tosylated

methyl) poly- reaction yield?

entry compound amine® base time (h) product (%)
1 8a 1 K2CO4 24 9a 40
2 8a 2 NaxCO3 24 10a 10
3 8a 2 K2CO3 24 10a 71
4 8a 2 Cs2COg 17 10a 74
5 8a 3 K2COs 24 11a 77
6 8a 4 NapCOs 24 12a 39
7 8a 4 Na;COy 120 12a 70
8 8a 4 KyCO3 24 12a 81
9 8a 4 K2CO4 31 12a 90
10 8a 4 Cs:CO3 19 12a 96
11 8a 1 K2CO4 24 13a 86
12 8b 2 K2COq 24 10b 81
13 8b 3 K,COs 24 11b 71
14 8bh 4 K2CO3 24 12b 76
15 8b 6 K2CO4 24 14b 50

2 See Chart I, R = Ts, R’ = H. ? Isolated yields after chromato-
graphic purification.

Scheme I
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X = N-Tosylated polyamine chain

added dropwise over a period of 1-4 h to a refluxing
suspension containing the tosylated amine (1-7, R = Ts,
R’ = H) dissolved in CH3CN and potassium or cesium
carbonate as the base. Refluxing was continued for 20-30
h, and, after a simple workup including chromatographic
purification, the pure N-tosylated polyaza[nlparacyclo-
phanes 9-14 were obtained in the yields indicated in Table
I. All compounds showed the expected spectroscopic
properties and satisfactory elemental analyses and mass
spectra and appeared as single spots by TLC in a number
of solvents. The corresponding 2:2 cyclization products
seemed to be present in very minor amounts in some
crudes, but the main side products were oligomeric or
polymeric materials.

As can be observed from the data in Table I, the
cyclization step was very efficient for a variety of polyamine
chains. Comparable results were also obtained when bis-
(bromomethyl)benzene (8a) was replaced with bis(chlo-
romethyl)- or bis(bromomethyl) durene (8b). Polyaza-
[n)paracyclophanes ranging from {9]paracyclophane (i.e.,
9) to [15]paracyclophane (i.e., 13) could thus be obtained.
The [9]paracyclophane structureseemed to be the smallest
ring that could be prepared by the present method, and
yields for macrocycle 9 were slightly lower than for larger
sizes. In agreement with this size limitation, the reaction
with N,N’-bis(tolylsulfonyl)ethylenediamine gave only
oligomeric materials along with minor amounts of 2:2 and
higher cyclization products.

The high yields obtained in this cyclization step are
remarkable. They are much higher than the 7-10% yield
reported for the preparation of related crown ethers!¢ or
the 26% yield described for a [11](2,6)-naphtha-
lenophane!® and are comparable with results described
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for the preparation of polyaza macrocycles containing 1,2-
benzo subunits.!® A number of diaza[n]paracyclophanes
have been synthesized by the high dilution method from
a,w-diamines and the dichlorides of diacids containing
the 1,4-phenylene structure, but reported yields are usually
below 10% .23 Clearly, once the first N-C bond is formed,
the first order intramolecular pathway leading to the cyclic
compounds 9-14 is favored over the second-order pathways
leading to oligomeric and polymeric materials or other
cycliccompounds. Infact, thisreaction was not drastically
affected by dilution conditions: in general, changing the
concentration of reactants from 10-% to 10-2 M did not
significantly affect the final yield, and the yield was only
slightly decreased by addition of the dibromide all in one
portion. Compound 12a was the only isolated product
(>80% yield) even when the stoichiometry of the amine
and the dibromide was changed from the 1:1 ratioto a 1:5
ratio.

A classical template effect, where the chain containing
the heteroatoms wraps around the cation, thus preorga-
nizing the transition state for cyclization, does not seem
probable in our case. Such an effect should be much more
effective for macrocycles with 1,2-benzo subunits than for
those with 1,4-benzo subunits. The study of the effect of
the cation on the yield also suggests that the template
effect is not operating. K,COj and Cs,CO; always give
the best results for the cyclizations, even if the paracy-
clophanes obtained are of very different sizes. The nature
of the cation seems to affect the rate of the reaction more
than it does the final yield. Thus, for instance, the yield
of 12a is very similar with K;CO3 and Cs;COg, with only
a2-fold increase in the reaction time required for the former
(entries 9 and 10, Table I). For the same macrocycle, the
use of the sodium salt produces a comparable yield after
areaction time of 120 h compared to 24 h for the potassium
salt (entries 7 and 8, Table I). Analogous situations are
found for the other macrocycles (see, for instance, entries
3 and 4 in Table I). Therefore, KsCO3 seems to be the
most useful base when both efficiency and cost are
considered. These results can be better understood in
terms of the different basicities of the carbonates.!® Since
the cesium salt is the most basic, the anion is formed very
easily, and the reaction proceeds faster. For the lithium
salt, the basicity is so low that no reaction is observed in
any case. For lithium, unchanged starting materials are
the main products recovered after the workup, and a
similar situation is observed when NagCOjs is used as the
base. The differing solubilities of the salts formed and
ion pair effects also have to be taken into account.!® The
importance of these factors is reinforced by the dramatic
effect observed when the solvent is changed from DMF
to CH3sCN. Most likely, conformational factors should
assist the favorable organization of the transition state
leading to the macrocycle. The presence of the bulky tosyl
groups seems to be very important in this respect. Thus,
no cyclization products were formed when untosylated
polyamines were allowed to react with bis(halomethyl)-
benzenes 8. In the Richman and Atkins procedure and
other related procedures, the tosyl group is introduced
not only to protect the nitrogen atoms but also to increase
the acidity of the terminal N-H bonds. However, it is not
likely that the lower acidity of the N-H bond is responsible
for the failure of this cyclization. Metal carbonate-

(23) See, for instance: Sakamoto, K.; Oki, M. Bull. Chem. Soc. Jpn.
1978, 46, 270-275.
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mediated reaction of bis-secondary amines with different
dihalides in acetonitrile has become a standard method
for the preparation of functionalized polyaza macrocycles;

the reactions of diaza crown ethers with bis(halomethyl)-
arenes under similar conditions have been used for the
synthesis of tricyclic receptors;1% and, in some instances,
cyclizations of primary diamines and dihalides have been
reported. Inourcase, however,steric and conformational
factors associated with the tosyl groups prevail. The
importance of steric factors is clearly shown by the fact
that only oligomeric or polymeric materials were formed
in the reaction of ditosyl N-methylated polyamines 6 and
7 (R = Ts, R’ = H) with bis(bromomethyl)benzene (8a).
An interesting difference was observed, however, when
bls(bromomethyl)durene (8b) was used instead of 8a. In
this case, [11]paracyclophane 14b (R = Ts, R’ = CH;) was
obtained in 50% yield, a fact which could also support the
important role that steric factors play in this reaction.

Detosylation of macrocycles 9a-13a (R = Ts, R’ = H)
to give polyazal[nlparacyclophanes 15a-19a (R = R’ = H)
was effected with HBr/AcOH/PhOH.26 The final mac-
rocyclic amines were isolated in 80~90% yields and were
90-95% pure in most cases. Purification by silica gel
chromatography with MeOH/THF/NHj; as the eluent
afforded pure 15a-19a, but the yield for this step was
decreased to 40-60%. This method could not be applied
to durene derivatives. The higher lability of the benzylic
C-N bonds in these compounds precludes the use of
strongly acidic conditions because detosylation is accom-
panied by benzylic cleavage leadlng to the salts of the
starting polyamines as the main products. For those
tetramethyl[nlparacyclophanes, detosylation was best
carried out with sodium amalgam in buffered methanolic
solution.8a1927 Because of the low solubility of these
tosylated macrocycles in MeOH, THF had to be added in
some cases. Yields of 40-50% were obtained for the pure
compounds.

The 'H NMR spectra of polyaza[n]paracyclophanes
9-20 show the expected shielding effect of the aromatic
ring on the central protons of the chain. The value of the
observed upfield shift is, in general, in good agreement
with the values reported for other paracyclophanes of
similar size.2328 Thus, for 11a the central ethylene is
shifted upfield (ca. 0.45 ppm) relative to the other ethylenic
protons and, even more significantly, relative to the
position of the singlet in open chain analogue 3 (R = Ts,

= Bn). In free amine 17a, the singlet is shifted ca. 0.4
and 0.7 ppm from the other ethylenic protons. Shifts are
smaller for larger cyclophanes, and the singlet of the
ethylenic group in 12 appears ca. 0.3 ppm upfield relative
to the singlet of related 4 (R = Ts, R’ = Bn). In smaller
cyclophanes shielding affects most of the protons in the
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Krakowiak, K. E.; Bradshaw, J. S.; Izatt, R. M.; Zamecka-Krakowiak, D.
J.J. Org. Chem. 1989, 54, 4061-4067. (d) Krakowiak, K. E.; Bradshaw,
d. 8,; Izatt, R. M. J. Org. Chem. 1990, 55, 3364-3368.
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Chem. Soc., Perkin Trans. 1 1990, 23563-2355. (b) Krakowiak, K. E.;
Bradshaw, J. S. J. Org. Chem. 1991, 56, 3723-3725. (c) Krakowiak, KE.;
Bradshaw, J. S,; Dalley, N. K.; Khu, C. Yi, G.; Curtis, J. C.; Li, D.; Izatt,
R.M. J. Org. Chem. 1992, 57 3166-3173.
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4752 J. Org. Chem., Vol. 58, No. 17, 1993

polyamine chain, but significant differences in the chemical
shift are observed for the nonequivalent hydrogens. For
instance, for 16a and 16b, the two N-bound methylene
groups of the propylene subunit are separated by ca. 0.3
and 0.2 ppm, respectively. For smaller cyclophane 9a, an
upfield shift of 0.6 ppm is observed for the central
methylene relative to open chain compound 1 (R = Ts, R/
=Bn), and, for untosylated 15a, the difference in chemical
shift between both methylenes is also 0.6 ppm. Compar-
ison of these data with those obtained for the 2:2 cyclization
product formed from N,N’-ditosylethylenediamine is also
interesting in this respect. For this macrocycle, the
ethylenic protons are not appreciably shielded, but
shielding is observed for the aromatic protons, as has been
described for related [n.n]paracyclophanes.20

In summary, we have demonstrated that the present
method allows the simple and efficient synthesis of a broad
range of polyaza[nlparacyclophanes. Study of the po-
tential uses of these compounds as hosts for different
species and further structural modifications for specific
applications in this field are in progress.

Experimental Section

General. 'H and 3C NMR spectra were recorded at 200 and
50.3 MHz, respectively, in CDCl;.

N,N,N'-Tritosyl-1,5,9-triazanonane (2, R = Ts, R’ = H).
To a solution of 2 (R = R’ = H) (6.5 g, 0.05 mol) and NaOH (10
g, 0.20 mol) in 100 mL of H;0 at 60 °C was added dropwise tosyl
chloride (28.6 g, 0.15 mol) in THF. After addition was complete,
stirring and heating was continued for 4 h. The organic layer
was vacuum evaporated and the residue suspended in hot ethanol
for several hours to give the tosylated polyamine as a white solid
(24 g, 0.04 mol, 80%). Further purification can be achieved by
column chromatography on silica (CHCl; or CH;Cly/AcOEt):
mp 116-119°C; TH NMR 4 1.7 (q, 4 H), 2.4 (s, 6 H), 2.9 (t, 4 H),
3.1(t,4H),52,2H),7.2, 6 H), 7.6 and 7.7 (dd, 6 H). 13C
NMR § 29, 40, 47, 127, 129.6, 129.7, 132.2, 136.5, 143.3, 143.5.
Anal. Caled for CoHgsN3S306: C, 54.6; H, 5.9; N, 7.1. Found:
C, 55.0; H, 5.8; N, 6.9.

N,N ,N'-Tritosyl-1,4,7-triazaheptane (1, R =Ts, R’ = H):
82% yield; mp 179-180 °C (lit.1%»2® 177 °C); 'H NMR & 2.40 (s,
9 H), 3.16 (m, 8 H), 5.3 (m, 2 H), 7.3 (m, 6 H), 7.62 (d, 2 H), 7.76
(d, 4 H); 13C NMR ¢ 21.8, 42.7, 50.8, 127.6, 127.8, 130.3, 130.5,
135.2, 137.1, 144.1, 144.6.

NN .,N',N'"-Tetratosyl-1,4,7,10-tetraazadecane (3,R = Ts,

=H): 65% yield; mp 215-217 °C (1it.?2 215-219 °C); '<H NMR
5 2.42 (s, 6 H), 2.45 (s, 6 H), 3.20 (m, 8 H), 3.43 (s, 4 H), 5.45 (t,
2 H), 7.27 (s, 4 H), 7.33 (t, 8 H), 7.73 (t, 8 H), 7.77 (d, 4 H); 15C
NMR 6 21.5, 43.7, 50.9, 127.1, 127.4, 128.4, 129.8, 129.9, 131.0,
133.6, 134.6.

N,N ,N',N'"-Tetratosyl-1,5,8,12-tetraazadodecane (4,R =
Ts, R’ = H): 70% yield; mp 145 °C; 'H NMR 6 1.79 (q, 4 H),
2.41 (s, 6 H), 2.44 (s, 6 H), 3.00 (m, 4 H), 3.15 (t, 4 H), 5.27 (t,
2 H), 7.2-7.3 (m, 8 H), 7.6-7.7 (m, 8 H); 13C NMR 4 21.5, 29.1,
48.1,48.2,54.7,127.2,127.3,129.1,129.8,129.9, 134.9,135.2,136.7,
143.5, 143.6. Anal. Caled for CaeHeN(SOg: C, 54.7; H, 5.9; N,
7.1. Found: C, 55.1; H, 5.7; N, 7.1.

N,N N',N" ,N'"-Pentatosyl-1,4,7,10,13-pentaazatride-
cane (5, R = Ts, R’ = H): 37% yield; mp 173-175 °C (lit.%0
173-175 °C); 'H NMR 4 2.40 (s, 6 H), 2.43 (s, 6 H), 2.46 (s, 3 H),
3.18 (s, 8 H), 3.37 (s, 8 H), 5.5 (broad, 2 H), 7.3 (m, 10 H), 7.7 (m,
10 H); 13C NMR 46 21.5, 43.2, 49.8, 50.3, 50.5, 127.1, 127.4, 129.7,
129.8, 129.9, 130.0, 134.7, 136.5, 143.4, 143.8, 143.9.

1,9-Ditosyl-5-methyl-1,5,9-triazanonane (6, R = Ts, R’ =
H): 58% yield as a waxy solid; tH NMR ¢ 1.70 (m, 4 H), 2.22 (s,
3 H), 2.40 (s, 6 H), 2.51 (t, 4 H), 2.96 (t, 4 H), 7.28 (d, 4 H), 7.73
(d,4 H); 3C NMR § 21.9, 25.4, 41.8, 45.6, 56.2, 127.6, 130.1, 137.3,

(29) Pilichowski, J. L.; Lehn, J.-M.; Sauvage, J. P.; Gramain, J. C.
Tetrahedron 1985, 41, 1959-1964.

(30) Bencini, A.; Bianchi, A.; Garcia-Espafia, E.; Giusti, M.; Micheloni,
M.; Paoletti, P. Inorg. Chem. 1987, 26, 681—685.

Notes

143.7. Anal. Caled for C21H31N3S204: C, 55.6; H, 6.9; N, 9.3.
Found: C, 55.9; H, 7.0; N, 9.1.

N,N' ,N',N'’'-Tetratosyl-2,5,8,11-tetraaza[12]-
paracyclophane (11a). Tosylated amine 3 (R = T's, R’ = H)
(1.0g, 1.3 mmol) and K;CO, were suspended in refluxing CH;CN
(50 mL). To this mixture, a solution of 1,4-bis(bromomethyl)-
benzene (0.36 g, 1.3 mmol) in CHsCN (50 mL) was added dropwise.
After the addition was complete, the suspension was refluxed for
18 h and then filtered. The solution was vacuum evaporated to
dryness to yield the crude product, which was purified by column
chromatography on silica (CH;Cly/AcOEt 99/1) to afford pure
11a as a white solid (0.86 g, 1.0 mmol, 77%): mp 274-278 °C; IR
(KBr) 3045, 2928, 2866, 1591, 1482, 1439, 1334, 11562 cm™!; 'H
NMR 6 2.45 (s, 6 H), 2.47 (s, 6 H), 2.50 (s, 4 H), 2.85 (m, 4 H),
2.91 (m, 4 H), 4.14 (s,4 H), 7.32 (d, J = 8 Hz, 4 H), 7.33 (s, 4 H),
739(d,J=8Hz 4H),768(,J=8Hz,4H),7.718(d,J =
Hz, 4 H); 13C NMR 5 21.6, 47.4, 48.2, 50.2, 54.3, 127.4, 127.5,
129.9, 133.8, 135.4, 136.1, 143.7, 144.0; MS m/z (FAB) 865 (IM
+ H]*). Anal. Calcd for C;2HsNOsSs: C, 58.3; H, 5.6; N, 6.5.
Found: C, 58.2; H, 5.7; N, 6.3.

N,N ,N'-Tritosyl-2,58-triaza[9]paracyclophane (9a): 40%
yield; mp 274-276 °C; 'H NMR & 2.44 (s, 3 H), 2.48 (s, 6 H), 2.52
(m, 8 H), 4.25 (s, 4 H), 7.26-7.40 (m, 10 H), 7.63-7.69 (m, 6 H);
13C NMR 6 21.5, 44.4, 48.0, 54.0, 127.1, 127.2, 129.8, 129.9, 132.2,
134.9, 136.0, 137.2, 143.3, 143.7; MS m/z (FAB) 668 ([M + H]*).
Anal. Calcd for C33H3N3yOgSa: C, 59.3; H, 5.6; N, 6.3. Found:
C, 59.6; H, 5.7; N, 6.1.

N,N',N"’-Tritosyl-2,6,10-triazafl11]paracyclophane
(10a): 71% yield; mp 323-327 °C; 'H NMR 5 1.19 (m, 4 H), 2.42
(s, 3 H), 2.47 (s, 6 H), 2.71 (m, 4 H), 3.03 (t, J = 7 Hz, 4 H), 4.20
(s, 4 H), 7.31-7.37 (m, 6 H), 7.43 (s, 4 H), 7.60 (d, J = 8 Hz, 2 H),
7.71 (d, J = 8 Hz, 4 H); 13C NMR 4§ 21.5, 30.1, 48.2, 48.5, 54.7,
126.8, 127.1, 129.8, 129.9, 135.6, 136.2, 137.7, 143.2, 143.5; MS
m/z (FAB) 696 (IM + H]*). Anal. Calcd for C3sHN3OeSs: C,
60.4; H, 5.9; N, 6.0. Found: C, 60.9; H, 5.7; N, 6.2.

N,N' ,N',N'""-Tetratosyl-2,6,9,13-tetraazaf[l4]para-
cyclophane (12a): 90% yield; mp 221-223 °C; 'H NMR 4§ 1.47
(m, 6 H), 2.43 (s, 6 H), 2.46 (s, 6 H), 2.74 (8,4 H), 296 ({,J = 7
Hz,4 H), 3.08 (t,J = 7 Hz, 4 H), 4.14 (s, 4 H), 7.3-7.4 (m, 12 H),
7.6 (d,J =8 Hz, 4 H), 7.7 (d, J = 8 Hz, 4 H); 13C NMR 6 21.5,
29.1,48.1,48.2,54.6,127.2,127.3,129.8,129.9, 134.9, 135.2, 136.7,
143.5, 143.6; MS m/z (FAB) 893 ([M + H]*). Anal. Caled for
CuHsN4OsSs: C,59.1;H,5.9; N, 6.2. Found: C, 59.3;H,6.0; N,
6.2.

N,N,N',N',N'"-Pentatosyl-2,5,8,11,14-pentaaza[15]-
paracyclophane (13a): 86% yield; mp 125-131 °C; 'H NMR
8 2.44 (m, 15 H), 2.8-3.1 (m, 16 H), 4.25 (s, 4 H), 7.19 (s, 4 H),
7.25-7.4 (m, 10 H), 7.5-7.8 (m, 10 H); 13C NMR § 22.1, 47.1, 50.2,
50.8,52.1,53.8,127.9,128.0,129.8, 130.5, 134.0, 135.3, 135.7,136.2,
144.3,144.3,144.7; MS m/z (FAB) 1062 (IM + H]*). Anal. Caled
for Cs;HsoNs010Ss: C,67.7;H,5.6; N, 6.6. Found: C,57.7; H,5.8;
N, 6.7.

13,14,16,17-Tetramethyl-N,N ,N'-tritosyl-2,6,10-triaza[11]-
paracyclophane (10b): 81% yield; mp 186-190 °C; 'H NMR
6 1.12 (m, 4 H), 2.28 (s, 12 H), 2.40 (s, 3 H), 2.48 (s, 6 H), 2.60
(t,J =7 Hz,4 H), 2.76 (t, J = 8 Hz, 4 H), 4.43 (s, 4 H), 7.27 (d,
J =8 Hz, 2 H), 7.38 (d,J = 8 Hz, 4 H), 7.53 (d, J = 8 Hz, 2 H),
7.75(d,J =8 Hz,4 H); 3C NMR § 16.9, 21.5, 21.6, 30.4, 45.7, 47 4,
48.4, 126.9, 127.4, 129.7, 129.9, 131.7, 134.4, 135.4, 135.6, 143.4,
143.6; MS m/z (FAB) 752 (IM + H]*). Anal. Calcd for
CsonNsOeSs C,62.3;H,6.6; N, 5.6. Found: C,62.0;H, 6.5; N,

14 15,17,18-Tetramethyl-N,N',N’,N"-tetratosyl-2,5,8,11-
tetraaza[l2]paracyclophane (11b): 71% yield; mp 270-276
°C; TH NMR 6 2.16 (s, 12 H), 2.44 (s, 6 H), 2.47 (s, 6 H), 2.48 (s,
4 H), 2.78 (m, 8 H), 4.31 (s, 4 H), 7.31 (d, J = 8 Hz, 4 H), 7.39
(d,J =8 Hz,4 H), 7.70 (d, J = 8 Hz, 4 H), 7.81 (d, J = 8 Hz, 4
H); 13C NMR 6 17.5, 22.1, 22.2, 45.6, 48.5, 48.9, 50.7, 127.9, 128.2,
130.4,130.5,131.7,133.6,135.9, 136.0, 144.2, 144.5; MS m/2 (FAB)
921 ([M + H1%). Anal. Calcd for CsHeNOsS¢: C, 60.0; H, 6.1;
N, 6.1. Found: C, 60.2; H, 6.0; N, 5.9.

16,17,19,20-Tetramethyl-N,N',N’,N'”’-tetratosyl-2,6,9,13-
tetraaza[l4]paracyclophane (12b): 76% yield; mp 161-163
°C; 'H NMR 6 1.47 (m, 4 H), 2.35 (s, 12 H), 2.41 (s, 6 H), 2.48
(s, 6 H), 2.78 (s, 4 H), 2.95 (m, 8 H), 4.36 (m, 4 H), 7.26 (d, J =
8 Hz, 4 H), 7.42 (d, J = 8 Hz, 4 H), 7.53 (d, J = 8 Hz, 4 H), 7.78
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(d, J = 8 Hz, 4 H); 13C NMR 4 16.8, 21.5, 21.6, 28.5, 46.0, 47.6,
47.9, 49.2, 127.1, 127.6, 129.8, 129.9, 131.3, 133.9, 135.5, 135.8,
143.4, 143.7; MS m/z (FAB) 949 ([M + H]*). Anal. Calcd for
CsHeoN(OsSs: C,60.7; H,6.4; N, 5.9. Found: C,60.2;H,6.3; N,
5.8

. 6,18,14,16,17-Pentamethyl-2,10-ditosyl-2,6,10-triaza[11]-
paracyclophane (14b): 50% yield; mp 245-247 °C; 'H NMR
6-1.08 (m, 4 H), 1.77 (t, J = 7 Hz, 4 H), 2.04 (s, 3 H), 2.27 (8, 12
H), 2.47 (s, 6 H), 2.63 (t, J = 8 Hz, 4 H), 4.42 (s, 4 H), 7.39 (d,
J =8 Hz, 4 H), 7.75 (d, J = 8 Hz, 4 H); 13*C NMR 6 16.9, 21.5,
26.5, 43.8, 45.9, 48.2, 51.5, 127.3, 129.7, 131.5, 134.5, 135.2, 143.4;
MS m/z (FAB) 612 ([(M + H]*). Anal. Caled for CssHsN30Sa:
C,64.8, H, 7.4; N, 6.9. Found: C, 64.5; H, 7.3; N, 7.2

Detosylation Procedures. Method A. 2,5,8,11-Tetraaza-
[12]paracyclophane (17a). Tetratosylated macrocycle 11a (1.0
g, 1.5 mmol) and phenol (5 g, 53 mmol) were suspended in HBr/
AcOH (33%, 40 mL). The mixture was stirred at 90 °C for 18
h, and then the solution was vacuum evaporated. The residue
was suspended in a mixture of CH2Cl; (20 mL) and water, the
aqueous layer was washed several times with additional portions
of CH:Cl; (30 mL), basified with NaOH, and vacuum evaporated.
The dry residue was extracted several times with CHCl; to give
an oily product, which was chromatographed on silica with
MeOH/NH;y/THF as eluent to afford 17a as a waxy solid (170
mg, 0.69 mmol, 53%): 'H NMR § 2.06 (s, 4 H), 2.46 (m, 4 H),
2.76 (m, 4 H), 3.72 (s, 4 H), 7.31 (s, 4 H); 1°C NMR § 46.2, 49.1,
49.3, 53.7, 129.7, 141.1. For analytical purposes, the tetraper-
chlorate was prepared by the addition of concentrated HC1O, to
an ethanolic solution of 17a. Anal. Caled for C; H2sN,0,6CLs:
C, 25.9; H, 4.3; H, 8.6. Found: C, 26.0; H, 4.3; N, 8.4.

Detosylation Procedures. Method B. 13,14,16,17-Tet-
ramethyl-2,6,10-triaza[11 ]paracyclophane (16b). Tosylated
macrocycle 10b (4 g, 5.3 mmol), Na,;HPO, (10 g, 70 mmol), and
5% sodium amalgam (80 g) were suspended in a mixture of
MeOH/THF (40 mL/150 mL) and refluxed for 48 h. Water was
added dropwise (CAUTION) to the solution at 0 °C to destroy
excess sodium. The resulting suspension was filtered, and the
organic solvents were vacuum evaporated. The residue was
exhaustively extracted with CH,Cl,. After vacuum evaporation
of the organic solvent, the oily product was chromatographed on
silica (MeOH/NHjy) to give pure 16b (0.82 g, 2.9 mmol, 54%):
TH NMR 6 1.39 (m, 4 H), 2.15 (t, 4 H), 2.33 (s, 4 H), 2.38 (t, 4 H),
3.98 (s, 4 H); 13C NMR 6 17.3, 30.5, 41.4, 46.0, 46.5, 133.5, 136.8.
Anal. Calcd for ClsHuNsolzc].s: C, 36.6; H, 5.8; N, 7.1. Found:
C, 31.0; H,5.7; N, 7.2.

2,5,8-Triaza[9]paracyclophane (15a): method A,35% yield;
1H NMR 6 1.92 (t, J = 10 Hz, 4 H), 2.56 (t, J = 10 Hz, 4 H), 3.80
(s, 4 H), 7.38 (s, 4 H); 1*C NMR ¢ 45.6, 52.1, 54.0, 130.5, 141.0.
Anal. Caled for C1oH32N304:Cls: C, 28.5; H, 4.4; N, 8.3. Found:
C, 28.3; H, 45; N, 84.

2,6,10-Triaza[11]paracyclophane (16a): method A, 43%;
1H NMR 6 1.35 (m, 4 H), 2.14 (1, J = 7 Hz, 4 H), 2.45 (m, 4 H),
3.70 (s, 4 H), 7.28 (s, 4 H); 13C NMR 6 29.9, 41.7, 43.3, 52.9, 129.2,
140.2. Anal. Caled for C(HgN30,2Cls: C, 31.5; H, 4.9; N, 7.9.
Found: C, 81.2; H, 5.1; N, 7.7.

2,6,9,13-Tetraaza[l4]paracyclophane (18a): method A,
52% yield; 1H NMR 6 1.31 (m, 4 H), 2.21 (t, J = 8 Hz, 4 H), 2.30
(s, 4 H), 2.37 (m, 4 H), 3.6 (s, 4 H), 7.0 (s, 4 H); 13C NMR 6 28.8,
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43.8, 46.3, 49.0, 52.7, 128.1, 138.7. Anal. Caled for 019H32N¢016-
Clg C, 28.4; H, 4.8; N, 8.3. Found: C, 28.1; H, 4.7; N, 8.1.
2,5,8,11,14-Pentaaza[15]paracyclophane (19a): method A,
49% yield; 'H NMR ¢ 2.2-2.6 (m, 16 H), 3.66 (s, 4 H), 7.19 (s,
4 H); ¥C NMR 5 47.9, 49.3, 49.4, 49.8, 53.5, 126.8, 140.2. Anal.
Calcd for CigHaNs02Cls: C, 24.2; H, 4.3; N, 8.8. Found: C,
24.4; H, 4.2; N, 9.0.
14,15,17,18-Tetramethyl-2,5,8,11-tetraazaf[12]-
paracyclophane (17b): method B, 40% yield; 'H NMR 4 1.96
(s, 4 H), 2.32 (s, 12 H), 2.41 (m, 4 H), 2.59 (m, 4 H), 3.98 (s, 4 H);
13C NMR 4 16.9, 44.9, 46.3, 48.1, 48.5, 132.9, 136.5. Anal. Caled
for C1sH3sN,O6Cly: C, 30.6; H, 5.1; N, 7.9. Found: C, 30.8; H,
5.0; N, 8.0.
16,17,19,20-Tetramethyl-2,6,9,13-tetraaza[14]-
paracyclophane (18b): method B, 51% yield; tH NMR 6 1.50
(m, 4 H), 2.34 (s, 12 H), 2.47 (s, 4 H), 2.50-2.55 (m, 8 H), 4.08 (s,
4 H); 13C NMR ¢ 16.8, 29.5, 44.9, 47.1, 47.5, 49.6, 133.0, 135.8.
Anal. Caled for Co0HoNO16Cle: C, 32.8; H, 5.5; N, 7.6. Found:
C, 82.5; H, 5.6; N, 7.8.
1,10-Dibenzyl-N,N,N',N'” tetratosyl-1,4,7,10-tetraazade-
cane (3, R = Ts, R’ = Bn). Tosylated polyamine 8 (R = Ts, R’
= H) (0.55 g, 0.7 mmol), benzyl chloride (0.18 g, 1.4 mmol), and
K,COj3 were suspended in CH;CN (50 mL) and refluxed for 16
h. After filtration the solution was vacuum evaporated to give
quantitatively the pure compound as a white solid (0.66 g, 0.7
mmol). Further purification could be accomplished by chro-
matography over silica (CH.Cly): 'H NMR § 2.38 (s, 6 H), 2.41
(s, 6 H), 2.77 (m, 4 H), 2.95 (s, 4 H), 3.26 (m, 4 H), 7.27-7.40 (m,
18 H), 7.79 (d,8 H); 13C NMR 6 21.5, 48.3, 49.5, 53.8, 127.3, 127.9,
128.7,128.9,129.7,129.9, 134.7, 135.8, 136.5, 143.5. Anal. Caled
for CgHsNS4Os: C,61.1;H,5.8;N,5.9. Found: C,61.4;H,5.8;
N, 6.0.
1,7-Dibenzyl-N.N',N’’-tritosyl-1,4,7-triazaheptadecane(1,
R =Ts, R’ = Bn): 'H NMR 4 2.38 (s, 3 H), 2.45 (s, 3 H), 2.71
(m, 4 H), 3.15 (m, 4 H), 4.20 (s, 4 H), 7.10 (s, 4 H), 7.33 (m, 16
H), 7.75 (d, 6 H); 13C NMR 4 21.4, 21.5, 47.9, 49.0, 53.5, 126.9,
127.2,127.9, 128.7, 128.8, 129.5, 129.8, 134.5, 135.9, 136.2, 143.3,
143.5. Anal. Caled for CgHNsS30g: C, 62.8; H, 5.8; N, 5.6.
Found: C, 63.1; H, 5.8; N, 5.4.
1,9-Dibenzyl-N,N',N"'-tritosyl-1,5,9-triazanonadecane (2,
R=Ts, R’ =Bn): '"HNMR § 1.39 (m, 4 H), 2.41 (s, 3 H), 2.45
(s, 6 H), 2.70 (t, 4 H), 2.98 (t, 4 H), 4.22 (s, 4 H), 7.22-7.34 (m,
16 H),7.49 (d, 2H),7.70 (d,4 H); 3C NMR 6 21.5, 27.7, 46.1, 46.2,
52.7, 127.0, 127.2, 127.9, 128.4, 128.6, 129.6, 129.8, 136.1, 136.3,
143.2, 143.4. Anal. Caled for C41H47NsS306: C, 63.6; H, 6.1; N,
5.4. Found: C, 63.3; H, 6.0; N, 5.5.
1,12-Dibenzyl-N,N, N/, N'”’-tetratosyl-1,5,8,12-tetraaza-
dodecane (4, R = Ts, R’ = Bn): 'H NMR ¢ 1.62 (m, 4 H), 2.43
(s, 12 H), 2.87 (t, 4 H), 3.04 (s, 4 H), 3.10 (t, 4 H), 4.25 (s, 4 H),
7.2-7.4 (m, 18 H), 7.6 (d, 4 H), 7.7 (d, 4 H); 13C NMR § 21.5, 28.1,
45.9,47.8,48.6,52.6,127.2,127.8,129.8,136.2, 143.4, 143.5. Anal.
Caled for CsoHssN,S,0s: C, 61.8; H, 6.0; N, 5.8. Found: C, 61.5;
H, 6.1; N, 5.8.
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