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Lipophilic Cage Ligands Containing Two Tightly Connected
1,7-Dioxa-4,10-diazacyclododecane Rings: Synthesis and X-ray Structure of
a Sodium Perchlorate Complex
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Sodium perchlorate complexes 2 of lipophilic macrotricyclic receptors 1 were obtained in high yield by following
a synthetic route in which sodium cation acts as the templating agent in the last step. Complexes with several
inorganic salts were directly prepared from the free ligands 1, obtained by decomplexation of 2, or via anionic
exchange from the complexes 2. Extraction data of alkali halides under two-phase conditions (H,O0—CHCI;) with
ligand 1a showed a cation extraction selectivity order Na* » K* > Li*. Under liquid-liquid two-phase conditions,
ligands 1 proved to be effective phase-transfer catalysts in hydroxide ion initiated carbanion formation from
very weak carbon acids. The sodium complex 2a was crystallographically characterized. The sodium cation is
in a nonsymmetric cubic environment of four oxygen (Na-+O 2.46 A) and four nitrogen (Na--N 2.79 A) atoms.

Although many examples of macrocyclic and macro-
polycyclic synthetic ligands capable of complexing metal
cations are known,! the search for new receptors featuring
greater complex stabilities or higher selectivities is still very
active. Lipophilic macropolycyclic ligands are of particular
interest due to their capability of dissolving inorganic salts
in nonpolar organic solvents. They can be used as
phase-transfer catalysts or, more generally, as anion ac-
tivators.?

In the present paper, we describe the synthesis of lipo-
philic cage ligands 1a,b in which two 1,7-dioxa-4,10-dia-
zacyclododecane rings are held together by two short
bridges.® This promotes cooperation of the macrocyclic
binding subunits in the complexation, thus allowing for-
mation of only mononuclear inclusion complexes.* The
X-ray structure of the sodium perchlorate complex 2a, the
extraction constants for alkali halides by receptor 1b, and
some examples of the application of ligands la,b as
phase-transfer catalysts in base-promoted reactions are also
reported.

Results and Discussion

Synthesis. Bisalkylation of p-toluenesulfonamide with
2-(2-chloroethoxy)ethanol and K,CO4 in DMF afforded
diol 3, which was converted into the corresponding bis-
(methylsulfonyl) derivative 4 (Scheme I). Condensation
of 4 with benzylamine in refluxing acetonitrile and Na,CO,4
gave the coronands 5 and 6 in 51% and 5% yields, re-
spectively. Debenzylation of 5 by catalytic hydrogenation
with 10% Pd/C in ethyl acetate afforded 7 in quantitative
yield. Alternatively 5 was reacted with ethyl chloroformate
leading to the urethane 8, which after alkaline hydrolysis
and decarboxylation with concentrated HCl gave 7 in 80%
overall yield.

(1) (a) Gokel, G. W.; Korzeniowski, S. H. Macrocyclic Polyether
Syntheses; Springer-Verlag: Berlin, 1982, (b) Izatt, R. H.; Bradshaw, J.
S.; Nielsen, S. A.; Lamb, J. D.; Christiansen, J. J. Chem. Rev. 1985, 85,
271 and references therein.

(2) (a) Lehn, J.-M. Science (Washington, D.C.) 1985, 227, 1849 and
references therein. (b) Montanari, F.; Landini, D.; Rolla, F. Top. Curr.
Chem. 1982, 101, 147 and references therein,

(3) Preliminary report: Anelli, P. L.; Montanari, F.; Quici, S. J. Chem.
Soc., Chem. Commun. 1985, 132,

(4) Stoichiometry and stability of the complexes of macrotricycles
containing two diazacrown rings is regulated by the length of the bridging
chains.5 An example of a very stable sodium complex with a structure
similar to that of 1a,b has been previously reported.®
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Reduction of diethyl 2-benzylmalonate or diethyl 2-
hexadecylmalonate (9a,b) with LiAlH, gave diols 10a,b,
which were tosylated to afford 11la,b (eq 1).

COOEt (I:Hon CH20Tos
LiAIHg TosCl
RCH —— RCH —_— (1)
120 | oy RCH
COOEt CH20H CHz0Tos
9a,b 10a.b 11a. b

a, R=PhCHjy; b, R =n-CigHas

Condensation of bis-p-toluenesulfonates 11a,b with 7 in
refluxing acetonitrile and Na,COj allowed the insertion of
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the first bridge, leading to bis macrocycles 12a,b (Scheme
II). Cleavage of p-tolylsulfonyl groups of 12a,b with
LiAlH, gave the amines 13a,b, which were reacted with
ethylene glycol bis(p-toluenesulfonate) in acetonitrile and
Na,CO,, affording the final macrotricyclic sodium com-
plexes. These latter were isolated in 60-70% yield as
perchlorates 2a,b after treatment of reaction crudes with
aqueous NaClO,.

The template effect of the sodium cation accounts for
the high yield obtained in the final ring closure. When
lithium or potassium cations were used as templating
agents in the final ring closure, followed by treatment with
LiClO, and KPFg, respectively, mixtures of [Li C la]*-
ClO, and [Na C 1a]*ClO, in the case of Li*, and of [K
C 1a]*PFg¢ and [Na C 1a]*PF¢ in the case of K*, were
isolated in 32% and 38% yields after column chromatog-
raphy (see Experimental Section). Most likely the ex-
changes of Li* and K* for Na* occur during chromatog-
raphy, due to the very high selectivity of receptor 1a for
sodium,

Treatment with aqueous NaClO, of the mixtures of
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complexes dissolved in CHCI; afforded in both cases pure
2a in quantitative yields. .

Decomplexation and Synthesis of Other Complex-
es. Metal cation templated syntheses of macropolycyclic
receptors occur through a metal-coordinated intermediate
which favors the intramolecular cyclization. The final
product can be either the free ligand,” when the coordi-
nation is weak, or the complex if the metal-receptor in-
teraction is sufficiently strong, as for 2a,b.58

Free ligands 1a,b were obtained by the continuous ex-
traction of a solution of the corresponding sodium meth-
oxide or sodium fluoride complex (see below) in metha-
nol-10% aqueous KOH (or KF) with n-hexane for several
days. The extraction equilibrium is depicted in eq 2.

[Na C l]+X-A 2 lheme + N&+A + X-A (2)
A = MeOH-10% aqueous KOH (or KF), 1:3 (v/v)

Two main conditions are required to obtain the free
ligand by using this technique: (i) high lipophilicity of the
ligand; the more lipophilic ligand 1b was quantitatively
recovered after 2 days’ extraction, whereas only 67% of
1a was obtained after 2 weeks; (ii) high hydrophilicity of
the anionic counterpart which destabilizes the complex;
MeO-, OH, or F~ are suitable anions for this purpose.

Starting from 1b, KPFg and AgNO; complexes were
prepared and fully characterized by 'H and *C NMR
spectroscopy.®

Sodium complexes 2a,b were suitable starting materials
for the preparation of many other sodium complexes via
anionic exchange (eq 3). This reaction is driven by the

[Na C 1]*Cl04 + KX — [Na C 11*X"+ KCIOQ, (3)
X =1, Br, Cl, OH, MeO, F

insolubility of KClO, and can occur due to the selectivity
of the ligands 1a,b for sodium.

Transmetalation (K*/Na* exchange), which in principle
can interfere, does not occur, as was confirmed by 3C
NMR analysis. Indeed, spectra of complexes prepared by
this method showed only the resonances belonging to the
sodium-complexed receptors.

Determination of Extraction Constants. The study
of thermodynamic parameters ruling the complexation of
lipophilic macropolycyclic receptors is limited by two main
reasons: (i) these receptors are insoluble in aqueous sol-
vents, generally used in the case of hydrophilic ligands; (ii)
they show very high stability constants in low-polarity
organic solvents, thus further reducing the possible
methods of investigation.

We found that the picrate extraction method, which
allows the direct determination of the association (K,) and
extraction (K,,) constants of complexes in organic sol-
vents,'? cannot be used for receptors 1, as reported by

(5) (a) Lehn, J-M. Pure Appl. Chem. 1980, 52, 2441 and references
therein. (b) Sutherland, I. O. Chem. Soc. Rev. 1986, 15, 63 and references
therein. (c) Alberts, A. H.; Lehn, J.-M.; Parker, D. J. Chem. Soc., Dalton
Trans. 1985, 2311. (d) Carroy, A.; Langick, C. R.; Lehn, J.-M.; Matthes,
K. E.; Parker, D. Helv. Chim. Acta 1986, 69, 580. (e) Kumar, A.; Ma-
geswaran, S.; Sutherland, 1. O. Tetrahedron 1986, 42, 3291.

(6) (a) Calverly, M. J.; Dale, J. J. Chem. Soc., Chem. Commun. 1981,
1084. (b) Dale, J.; Calverly, M. J. PCT Int. Appl. WO 82 04,253, 9 Dec
1982.

(7) (a) Greene, R. N. Tetrahedron Lett. 1972, 1793. (b) Quici, S.;
Anelli, P. L.; Molinari, H.; Beringhelli, T. Pure Appl. Chem. 1986, 58,
1508.

(8) (a) Anelli, P. L.; Montanari, F.; Quici, 8. J. Org. Chem. 1985, 50,
3453. (b) Sargeson, A. M. Pure Appl. Chem. 1984, 56, 1603 and references
therein.

(9) Anellj, P. L.; Beringhelli, T.; Molinari, H.; Quici, S. Magn. Reson.
Chem. 1987, 25, 4117.
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Table I. Extraction Constants (K,,) for Alkali Halides
Complexed by Ligand 1b®

Ko
M* I- Br- Crr
Lit 670 - =
Na* >1074 51.000 3.000
K* 5200 61 =€
Rb+ —_c
CS+ —¢ —c

¢Solutions (5 X 102 M) of 1b in CHCl; and of alkali halide in
H,0 equilibrated at 20 °C for 24 h. ®Values (£10%) are the aver-
age of at least four experiments. ¢The halide concentration in the
aqueous phase was comparable with that of the starting solution.
dEstimated by using 5 X 108 M solutions.

Figure 1. Perspective view of the 2a cation.

Cram et al. in the case of cryptands and cryptahem-
ispherands.!! In fact, after equilibration of a 10 M
aqueous solution of alkali picrates with a 107 M solution
of 1 in CDCl,, the picrate was entirely extracted in the
organic phase, independently of the cation: this indicates
very high K, values.

An original procedure was used for the evaluation of the
extraction constants (K,,) for alkali halides with 1b, eq 4.

Ku
M*y,0X 50 + 1beuc, = [M C 1b]"X cxgy, 4)

A solution of ligand 1b in CHCl; was equilibrated for
24 h at 20 °C with equimolar aqueous solutions of alkali
halides. The concentrations of the species at the equilib-
rium were determined by potentiometric titration of the
halide in the aqueous phase. Results of the extraction
experiments (Table I) show the high selectivity of ligand
1b for Na*.

In the case of Br™ and I-, the extractability of Na™ is
more than 10° times that of K, whereas those of Li*, Rb*,
and Cs* are undetectable. In the case of I7, the extract-
ability of Na* is more than 10% and more than 10* those
of K* and Li*, respectively, that of Cs* being again un-
detectable. Within the series of alkali chlorides, NaCl was
the only salt extracted. These data indicate that the softer
the anion, the higher the extractability of the salt, and once
again stress the influence of the anion on the extraction
of inorganic salts by lipophilic ligands into low-polarity
organic solvents.?

X-ray Analysis of 2a. In order to ascertain the way
of coordination of the Na* cation and the conformation
of the receptor, we have performed a single-crystal X-ray
diffraction experiment on 2a.

(10) Cram, D. J. Angew. Chem., Int. Ed. Engl. 1986, 25, 1039.

(11) Cram, D. J.; Ho, S. P.; Knobler, C. B.; Maverick, E.; Trueblood,
K. N. J. Am. Chem. Soc. 1986, 108, 2989.

(12) Landini, D.; Maia, A.; Montanari, F.; Pirisi, F. M. J. Chem. Soc.,
Perkin Trans. 2 1980, 46.

Anelli et al.

Table II. Bonding Parameters within 2a

C-C Bond Lengths, A

C1-C2 1.510 (13) C20-C21 1.524 (12)
C3-C4 1.490 (11) C21-C22 1.552 (11)
C5-Cé 1.518 (11) C22-C23 1.517 (11)
C7-C8 1.473 (11) C23-C24 1.379 (11)
C9-C10 1.441 (14) C23-C28 1.364 (11)
C11-C12 1.417 (13) C24-C25 1.340 (13)
C13-C14 1.480 (14) C25-C26 1.335 (15)
C15-C16 1.428 (14) C26-C27 1.353 (13)
C17C18 1.502 (13) C27-C28 1.368 (13)
C19-C21 1.501 (11)
C-N Bond Lengths, &
C1-N1 1.459 (9) C9-N3 1.434 (13)
C8-N1 1.488 (9) C16N3 1.508 (11)
C19-N1 1.482 (11) C20-N3 1.499 (11)
C4-N2 1.434 (11) C12-N4 1.499 (12)
C5-N2 1.465 (10) C13-N4 1.416 (13)
C18-N2 1.443 (10) C17-N4 1.472 (12)
C-0 Bond Lengths, A
C2-01 1.392 (11) C10-03 1.453 (12)
C3-01 1.423 (11) C11-03 1.385 (10)
C6-02 1.412 (10) C14-04 1.433 (12)
C7-02 1.421 (9) C15-04 1.375 (12)
Na-+O and Na--N Interactions, A
Na-01 2.596 (6) Na--N1 2.745 (6)
Na--02 2.415 (6) Na--N2 2.724 (8)
Na.--03 2.331 (6) NaN3 2.953 (8)
Na--04 2.503 (8) Na.-N4 2.745 (8)
Dihedral Angles of the Two 1,7-Dioxa-4,10-diazacyclododecane
Rings, deg
C3-01-C2-C1 -172 C10-03-C11-C12 -177
01-C2-C1-N1 54 03-C11-C12-N4 55
C2-C1-N1-C8 71 C11-C12-N4-C13 73
C1-N1-C8-C7 -153 C12-N4-C13-C14 -142
N1-C8-C7-02 67 N4-C13-C14-04 60
C8-C7-02-Cé 79 C13-C14-04-C15 81
C7-02-C6-C5 -171 C14-04-C15-C16 ~178
02-C6-C5-N2 61 04-C15-C16-N3 56
C6-C5-N2-C4 69 C15-C16-N3-C9 74
C5-N2-C4-C3 -153 C16-N3-C9-C10 -133
N2-C4-C3-01 64 N3-C9-C10-03 60
C4-C3-01-C2 86 C9-C10-03-C11 84

Figure 2. Perspective view of the cage projected on the idealized
mirror plane.

In Figure 1 is reported a view of the complex, in Table
II a list of the most significant bonding parameters. The
structure consists of bulky [Na C la]* cations and Cl0
anions. The shortest distance between the center of the
anion and Na™ is 6.7 A. The two 1,7-dioxa-4,10-diazacy-
clododecane rings are held together by two bridges of
different lengths (two and three carbon atoms, respec-
tively), and the resulting cage resembles a truncated cone.
In fact, the distance between the two 12-membered rings
increases on going from left to right in Figure 1, as indi-
cated by the following intramolecular distances: N2...N4
(8.01 A) < 01.-03 (3.24 A) < 02.-04 (3.29 A) < N1..N3
(3.52 A).

The cage has an idealized C; symmetry in the crystal,
the mirror being the plane of Figure 2. This can be related
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Table III. Hydroxide Ion Initiated Oxidation of
Diphenylmethane Catalyzed by 1b under Liquid-Liquid
Phase-Transfer Conditions

1b, agqueous yield,
entry mequiv NaOH, % T,°C time, h %
10 0.20 40 70 1 94
2¢ - 50 70 24 3
3¢ 0.05 50 70 1 96
4t 0.10 50 25 23 89
5¢ 0.075 63 60 1.5 91
6° 0.05 63 80 1.5 91

¢Without organic solvent. °Solution (0.5 M) of diphenyl-
methane in chlorobenzene. °Solution (0.06 M) of diphenyl-
methane in chlorobenzene.

to the behavior of 2a in solution, where only half of the
expected 3C NMR resonances are observed.!?

The conformation of the two 1,7-dioxa-4,10-diazacyclo-
dodecane rings is close to the quadrangular [3 3 3 3] of C,
symmetry'4 that has been found in the solid state!? and
has been calculated to be the most stable!® for cyclo-
dodecane. The presence of two nitrogen and two oxygen
atoms in the cycle, the linking of two such cycles in a cage,
and perhaps the coordination to a sodium atom reduce the
idealized symmetry to C,, as is evident from the list of the
pertinent dihedral angles reported in Table II. A similar
lowering of the symmetry has been found in the two
analogous rings of the 7,16,21,26-tetraoxa-1,4,10,13-tet-
raazatricyclo[11.5.5.5%1% octacosane sodium tetrafluoro-
borate.’® A measure of the C, — C, symmetry distortion
can be the difference between the N-«N and O--0 intra-
cycle nonbonding distances (that should be equal in C,
symmetry), which are 4.45 (N1.-N2) and 3.80 (01.~-02) A
in one cycle and 4.62 and 3.57 A in the other.

The cubic geometry of the donor atoms is dictated by
the organic skeleton, but the particular cation can drive
the cage conformation. In the present compound, the four
oxygen atoms are closer (mean 2.46 A) to the Na* cation
than the four nitrogen atoms (mean 2.79 A), similarly to
what is found in the 7,16,21,26-tetraoxa-1,4,10,13-tetraa-
zatricyclo[11.5.5.5%loctacosane NaBF, complex, while in
the KSCN derivative the K.-N and the K--O distances are
more similar.!’

Ligands 1a,b as Anion Activators. Under homoge-
neous conditions, the reactivity of [Na C 11X~ (X =1,
Br, Cl) in nucleophilic substitution reactions on n-octyl
methanesulfonate was shown to be very high and compa-
rable with that of [K C (2,2,2-C1,)]*X"3"™ The sodium
complexes of ligands la,b can be used as catalysts in
carbanion formation from very weak carbon acids in lig-
uid-liquid two-phase conditions with highly concentrated
aqueous alkali hydroxides.

Diphenylmethane (pK, = 32.2)'® was 50% deuteriated
in an inert atmosphere with 40% NaOD in D,0 at 70 °C
for 5 h in the presence of 0.2 molar equiv of la as catalyst.
When carbanions were formed with aqueous NaOH in an
oxygen atmosphere, ketones were the reaction products.
As reported in Table I11, diphenylmethane gave benzo-
phenone in good yield under a wide range of conditions:
temperature (25-80 °C), NaOH concentration (40-63%),
amount of catalyst (0.05-0.2 molar equiv), and with or

(13) Anelli, P. L.; Montanari, F.; Molinari, H.; Quici, S.; Beringhelli,
T. Magn. Reson. Chem. 1986, 24, 692.

(14) Dale, J. Acta Chem. Scand. 1973, 27, 1115.

(15) Quoted in: Dunitz, J. D. Perspectives in Structural Chemistry;
Wiley: New York, 1968; Vol. 2.

(16) Groth, P. Acta Chem. Scand., Ser. A 1981, A35, 717.

(17) Groth, P. Acta Chem. Scand., Ser. A 1984, A38, 183.

(18) Bordwell, F. G. Pure Appl. Chem. 1977, 49, 963.
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without solvent.’® In the absence of catalyst, only 3% of
benzophenone was detected after 24 h at 70 °C. 3-
Benzoylpyridine was obtained in 96% yield from 3-
benzylpyridine (pK, = 30.1)%° in chlorobenzene-60%
aqueous NaOH for 6 h at room temperature and in the
presence of 0.1 molar equiv of 1b as catalyst.

It has to be stressed that triphenylmethane (pK, =
31.5),1518 in these same conditions, affords triphenyl-
carbinol very slowly. It is most likely that the anion of the
latter remains in the organic phase associated with the
sodium cation complex, thus slowing down the catalytic
process. This compares with previous observations that
the extraction of the hydroxide ion in nonpolar organic
solvents is inhibited by the presence of even very small
amounts of softer anions.?

In conclusion we would like to point out the following:
(i) the efficiency of the sodium cation in templating the
final ring closure leading to lipophilic macrotricyclic re-
ceptors; (ii) the remarkable selectivity of receptors 1 for
Na* over K* and Li*; (iii) the importance of the lipo-
philicity of the ligand and the hydrophilicity of the anion
associated with the sodium cation complex in driving the
decomplexation process; and (iv) the high catalytic activity
of receptors 1 in the hydroxide ion initiated carbanion
formation from very weak carbon acids under phase-
transfer conditions.

Experimental Section

'H NMR spectra were recorded at 90 MHz on a Varian EM-390
spectrometer with Me,Si as an internal standard. Infrared spectra
were obtained with a Perkin-Elmer 377 spectrometer. Melting
points were measured on a Biichi 510 apparatus and are uncor-
rected. GLC analyses were performed on a Hewlett-Packard
Model 5840 flame-ionization instrument (2 ft X 0.125 in. OV 17
10% on Chromosorb W column). Potentiometric titrations were
performed with a Metrohm Titroprocessor E 636 and Metrohm
Dosimat E635. Satisfactory combustion analyses (£0.40% for
C, H, and N) were submitted for all new compounds. Organic
and inorganic reagents, ACS grade, were used without further
purification. Ethylene glycol bis(methanesulfonate) was prepared
according to ref 22.

N,N-Bis[2-(2-hydroxyethoxy)ethyl]-4-methylbenzene-
sulfonamide (3). A mixture of 34.2 g (0.2 mol) of p-toluene-
sulfonamide, 64.5 g (0.52 mol) of 2-(2-chloroethoxy)ethanol, and
138.2 g (1.0 mol) of anhydrous K;COj; in 500 mL of DMF was
refluxed for 4 days with vigorous stirring. After cooling at room
temperature, the reaction mixture was filtered and the precipitate
washed with CH,Cl, (2 X 100 mL). The solvent was evaporated
in vacuo and the residue (72 g) purified by column chromatog-
raphy (silica gel; EtOAc), affording 54.0 g (77%) of 3 as a colorless
thick oil and 7.15 g (14%) of N-[2-(2-hydroxyethoxy)ethyl]-4-
methylbenzenesulfonamide as a colorless thick oil. Compound
3: n%®; 1.5219; IR (film) (cm™) 3400, 1335, 1155, 1120, 1085, 1060;
'H NMR (CDCly) 6 2.40 (s, 3 H), 3.00 (br s, 2 H, D,0 exchange),
3.25-3.80 (m, 16 H), 7.20 and 7.60 (AA'XX’, q, 4 H). N-[2-(2-
Hydroxyethoxy)ethyl]-4-methylbenzenesulfonamide: n?, 1.5306;
IR (film) (cm™) 3400, 1325, 1155, 1120, 1085, 1060; 'H NMR
(CDCly) 6 2.40 (s, 3 H), 2.9 (br s, 1 H, D,0 exchange), 3.15 (q, 2
H), 3.30-3.85 (m, 6 H), 6.1 (t, 1 H, D,0 exchange), 7.20 and 7.60
(AA’XX’, q, 4 H).

6-[(4-Methylphenyl)sulfonyl]-3,9-dioxa-6-aza-1,11-unde-
canediol Bis(methanesulfonate) (4). Methanesulfonyl chloride
(13.74 g, 0.12 mol) was added in 30 min to a solution of 18.7 g

(19) The data reported in Table II have been obtained by using the
free ligand 1b as catalyst. They are in good agreement with the previously
published results which were achieved with [Na C 1b]*MeO~ prepared
via anionic exchange.?

(20) Bradamante, S.; Pagani, G. A. J. Chem. Soc., Perkin Trans. 2
1986, 1035.

(21) (a) Rabinovitz, M.; Cohen, Y.; Halpern, M. Angew. Chem., Int.
Ed. Engl. 1986, 25, 960. (b) Landini, D.; Maia, A.; Montanari, F. J. Am.
Chem. Soc. 1984, 106, 2917.

(22) Dale, J.; Kristiansen, P. O. Acta Chem. Scand. 1972, 26, 1471.
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(0.054 mol) of 3 in 80 mL of pyridine, the temperature being kept
below 0 °C. The reaction mixture was maintained at 0 °C for
a further 2 h and then left overnight in the refrigerator. The
mixture was poured into 200 g of ice and 100 mL of 37% aqueous
HC], extracted with CH,Cl, (3 X 80 mL), washed with brine (2
X 50 mL), and dried over MgSO,. Evaporation of the solvent
afforded 26.2 g (96%) of 4 as a thick oil: 'H NMR (CDCl;) 5 2.45
(s, 3 H), 3.06 (s, 6 H), 3.40 (t, 4 H), 3.60-3.87 (m, 8 H), 4.25-4.41
(m, 4 H), 7.20 and 7.60 (AA’XX’, q, 4 H).

10-Benzyl-4-[(4-methylphenyl)sulfonyl]}-1,7-dioxa-4,10-
diazacyclododecane (5). A mixture of 63.4 g (0.126 mol) of 4,
13.5 g (0.126 mol) of benzylamine, and 40.1 g (0.378 mol) of
anhydrous Na,COj; in 1200 mL of MeCN was refluxed for 40 h
with vigorous stirring. The reaction mixture, cooled at room
temperature, was filtered; the solid precipitate was washed with
CH,Cl, (2 X 100 mL) and the solvent evaporated in vacuo. The
oily residue was stirred at room temperature with 100 mL of
EtOH, affording 34.0 g of a white solid. After crystallization from
CH,Cly—n-hexane, 26.9 g (51%) of pure 5 was obtained: mp 92-95
°C; 'H NMR (CDCl,) 6 2.40 (s, 3 H), 2.70 (t, 4 H), 3.30 (t, 4 H),
3.50 (t, 4 H), 3.65 (s, 2 H), 3.85 (t, 4 H), 7.15-7.35 (m, 7 H), 7.65
(d, 2 H). After evaporation of the crystallization solvent, the
residue was crystallized twice from EtOH, affording 2.5 g (4.7%)
of 6: mp 128-130 °C; 'H NMR (CDCly) 4 2.35 (s, 6 H), 2.65 (t,
8 H), 3.20-3.70 (m, 28 H), 7.00-7.25 (m, 14 H), 7.40 (d, 4 H); mass
spectrum, m/z 836 (M™).

4-Carbethoxy-10-[(4-methylphenyl)sulfonyl]-1,7-dioxa-
4,10-diazacyclododecane (8). A solution of 8.68 g (0.080 mol)
of ethyl chloroformate in 20 mL of anhydrous THF was added
within 20 min to a stirred solution of 16.74 g (0.040 mol) of 5 in
80 mL of THF. The reaction mixture was heated to 60 °C and
stirred for a further 2 h. The small amount of a light white
precipitate formed was filtered over Celite. Evaporation of the
solvent and treatment of the residue with petroleum ether (100
mL) afforded 14.4 g (90%) of 8 as a white solid: mp 89-92 °C;
'H NMR (CDCl;) 4 1.25 (t, 3 H), 2.45 (s, 3 H), 3.25-3.80 (m, 16
H), 4.10 (q, 2 H), 7.20 and 7.60 (AA’XX’, q, 4 H).

4-[(4-Methylphenyl)sulfonyl]-1,7-dioxa-4,10-diazacyclo-
dodecane (7). Method A. A sample of 33.48 g (0.080 mol) of
5 dissolved in 250 mL of EtOAc was hydrogenated for 24 h at room
temperature in the presence of 6.6 g of 10% Pd/C. Filtration
of the catalyst and evaporation of the solvent in vacuo afforded
7 as a white solid in quantitative yield: mp 108-110 °C (EtOAc);
'H NMR (CDCl,) § 2.45 (s, 3 H), 2.65 (s, 1 H, D,0 exchange), 2.8
(t, 4 H), 3.25 (t, 4 H), 3.40~3.65 (m, 8 H), 7.20 and 7.60 (AA’XX’,
q, 4 H).

Method B. A solution of 13.7 g (0.342 mol) of NaOH in 30
mL of H,O was added to a solution of 13.7 g (0.0342 mol) of 8
in 150 mL of EtOH. The reaction mixture was stirred and refluxed
for 3 days. The solvent was evaporated, and the residue was taken
up with 100 mL of H,0. This mixture was cooled to 0 °C with
an ice bath, and with vigorous stirring, concentrated HCI] was
slowly added until the pH was <1. The aqueous phase was
extracted with Et;0 (2 X 80 mL), and it was then made alkaline
with aqueous 30% NaOH and extracted with CH,Cl, (3 X 100
mL). The CH,Cl, solution was dried over MgSO, and evaporated
to give 11.3 g of a slightly beige solid, which was treated with
isopropyl ether, affording 10.05 g (89%) of 7.

Diethyl 2-Hexadecylpropane-1,3-dicarboxylate (9b). A
mixture of 3.2 g (0.020 mol) of diethyl malonate, 3.15 g (0.030 mol)
of hexadecyl bromide, 8.28 g (0.060 mol) of K;COj3, and 0.322 g
(0.001 mol) of tetrabutylammonium bromide in 60 mL of MeCN
was stirred and refluxed for 3 days. After cooling to room tem-
perature, the mixture was filtered, the solid precipitate carefully
washed with CH,Cl,, and the solvent evaporated. The residue
was dissolved in 100 mL of CH,Cl,, washed with H,O (2 X 50 mL),
dried over MgSO,, and evaporated to afford 13.17 g of crude
product. Column chromatography (silica gel, petroleum ether—
Et,0) afforded 7.33 g (95%) of 9b as a colorless thick oil: IR (film)
voo 1735 em™; 'H NMR (CDClg) 6 0.90 (t, 3 H), 1.00-2.20 (m, 36
H), 3.30 (t, 1 H), 4.20 (g, 4 H).

2-Benzylpropane-1,3-diol (10a). A solution of 25.0 g (0.1 mol)
of diethyl 2-benzylpropane-1,3-dicarboxylate in 70 mL of Et,0
was added to a stirred suspension of 5.3 g (0.14 mol) of LiAlH,
in 50 mL of Et,0 at a rate so as to maintain a gentle reflux of
the solvent. The reaction mixture was stirred at room temperature
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for an additional 2.5 h. The excess of LiAlH, was destroyed with
EtOAc and Hy0. The precipitated hydroxides were dissolved with
100 mL of aqueous 10% H,SO,, and the organic phase was sep-
arated. The aqueous phase was extracted with Et,0 (3 X 100 mL).
The combined organic phase was dried over MgSQ, and the
solvent evaporated to afford 17.6 g of crude product. Column
chromatography (silica gel, Et,0) gave 12.0 g (72%) of 11 as a
white solid: mp 66-68 °C (1it.% mp 68-70 °C); 'H NMR (CDCl,)
6 1.95-2.25 (m, 1 H), 2.65 (d, 2 H), 3.10 (br s, 2 H, D,0O exchange),
3.50~3.95 (m, 4 H), 7.25 (m, 5 H).

2-Hexadecylpropane-1,3-diol (10b) was prepared from 9b,
as described for 10a, in 91% yield: mp 82-84 °C; 'H NMR
(CDCly) 6 0.90 (t, 3 H); 1.10-1.20 (m, 31 H); 2.20 (br s, 2 H, D,0
exchange), 3.50-3.90 (m, 4 H).

2-Benzylpropane-1,3-diol Bis(4-methylbenzenesulfonate)
(11a). A solution of 30.22 g (0.159 mol) of p-toluenesulfonyl
chloride in 70 mL of pyridine was added dropwise to a stirred
solution of 12.0 g (0.072 mol) of 10a in 50 mL of pyridine, the
temperature being kept below 0 °C. The reaction mixture was
stirred at 0 °C for a further 4 h and left overnight in the refrig-
erator, and then it was poured into ice-cold aqueous 3 N HCl.
The aqueous phase was extracted with CH,Cl, (3 X 100 mL); the
organic phase was washed with water (2 X 100 mL), dried over
MgSO0,, and evaporated to afford 33.8 g of a solid crude product,
which was crystallized from 130 mL of absolute EtOH to give 28.5
g (83%) of 11a as a white solid: mp 96-98 °C; 'H NMR (CDCl,)
4 2.00-2.65 (m, 9 H), 3.75-4.10 (m, 4 H), 6.80-7.40 (m, 9 H), 7.80
(d, 4 H).

2-Hexadecylpropane-1,3-diol Bis(4-methylbenzene-
sulfonate) (11b). A solution of 12.35 g (0.065 mol) of p-
toluenesulfonyl chloride in 30 mL of CH,Cl; was added, at room
temperature and within 30 min, to a stirred solution of 6.5 g (0.022
mol) of 10b and 10.9 g (0.108 mol) of Et;N in 100 mL of CH,Cl,.
The reaction mixture was stirred overnight at room temperature,
and then it was washed with aqueous 3 N HC1 (2 X 50 mL) and
with water (2 X 100 mL) and the organic phase dried over MgSO,.
Evaporation of the solvent afforded 17.3 g of crude product as
a thick oil. Column chromatography (silica gel, petroleum eth-
er-Et,0) afforded 11.2 g (85%) of 11b as a white solid: mp 50-51
°C; 'H NMR (CDCly) 6 0.90 (t, 3 H), 1.00-2.20 (m, 31 H), 2.50

(s, 6 H), 3.95 (d, 4 H), 7.20 and 7.60 (AA’XX’, q, 8 H).

4,4’-(2-Benzyl-1,3-propanediyl)bis{10-[ (4-methylphenyl)-
sulfonyl}-1,7-dioxa-4,10-diazacyclododecane] (12a). A mixture
of 9.24 g (0.028 mol) of 7, 6.68 g (0.014 mol) of 11a, and 14.95 ¢
(0.140 mol) of Na,CO; in 200 mL of MeCN was stirred and
refluxed for 4 days. After cooling at room temperature, the
reaction mixture was filtered, the precipitate carefully washed
with CH,Cl,, and the solvent evaporated. The residue was dis-
solved in 200 mL of CH,Cl, and washed with water (2 X 100 mL).
Evaporation of the solvent and crystallization from EtOH afforded
10.3 g (93%) of 12a as a white solid: mp 134-137 °C; 'H NMR
(CDCly) 6 2.20-2.80 (m, 21 H), 3.30 (t, 8 H), 3.80 (t, 8 H), 7.00-7.70
(m, 13 H).
4,4’-(2-Hexadecyl-1,3-propanediyl)bis[10-[(4-methyl-
phenyl)sulfonyl]-1,7-dioxa-4,10-diazacyclododecane] (12b)
was prepared from 11b and 7 as described for 12a in 75% yield:
mp 113-115 °C; 'H NMR (CDCl,) 6 0.90 (t, 3 H), 1.00-2.20 (m,
34 H), 2.20-2.50 (m, 10 H), 2.65 (t, 8 H), 3.30 (t, 8 H), 3.50 (t, 8
H), 3.85 (t, 8 H), 7.20 and 7.60 (AA'XX’, q, 8 H).
4,4’-(2-Benzyl-1,3-propanediyl)bis(1,7-dioxa-4,10-diazacy-
clododecane) (13a). A solution of 9.44 g (0.012 mol) of 12a in
100 mL of anhydrous THF was slowly added to a stirred sus-
pension of 4.56 g (0.12 mol) of LiAlH, in 50 mL of THF in argon
atmosphere. The reaction mixture was stirred and refluxed for
60 h. After cooling at room temperature, the excess of LiAlH,
was destroyed by a dropwise addition of 30 mL of THF-H,0, 2:1
(v/v). The mixture was filtered and the precipitate carefully
washed with CH,Cl,. Evaporation of the solvent afforded 5.43
g (95%) of 13a as a thick oil, which was used without further
purification: 'H NMR (CDCly) é 2.00-2.80 (m, 23 H), 3.15 (br
s, 2 H, D,O exchange), 3.40-3.60 (m, 16 H), 7.00-7.25 (m, 5 H).
4,4'-(2-Hexadecyl-1,3-propanediyl)bis(1,7-dioxa-4,10-dia-
zacyclododecane) (13b) was obtained as a thick oil in 96% yield

(23) Mozingo, R.; Folkers, K. J. Am. Chem. Soc. 1948, 70, 228.
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by following the procedure described for 13a: 'H NMR (CDCly)
4 0.90 (t, 3 H), 1.20-1.80 (m, 30 H), 2.00~-2.90 (m, 23 H), 3.40-3.70
(m, 16 H).

[Na C 1a]*C10, (2a). Sodium-Templated Synthesis. A
mixture of 5.43 g (11.3 mmol) of 13a, 4.18 g (11.3 mmol) of
diethylene glycol bis(p-toluenesulfonate), and 12.0 g (113 mmol)
of NayCOj in 150 mL of MeCN was stirred and refluxed for 4 days.
After cooling at room temperature, the reaction mixture was
filtered, the precipitate was carefully washed with CH,Cl,, and
the solvent was evaporated to dryness. The residue was dissolved
in 100 mL of CH,Cl, and stirred for 2 h with a solution of 6.1 g
(50 mmol) of NaClO, in 30 mL of H,O. The organic phase was
evaporated and the residue purified by column chromatography
(silica gel, CHCl;-MeCN), affording 4.4 g (62%) of 2a as a white
solid: mp 244-246 °C. 'H and ®*C NMR characterization of 2a
has been reported in ref 13.

Lithium-Templated Synthesis. Diethylene glycol bis(p-
toluenesulfonate) and 13a were reacted as described above by
using Li,CO; and LiClO,. After column chromatography, a
mixture of complexes [Li C 1a]*ClO,” and 2a in roughly 2:8 ratio
(determined by 3C NMR) was obtained in 32% yield. The
mixture dissolved in CHCl, was stirred for 2 h with a large excess
of a saturated aqueous NaClOQ; solution, quantitatively affording
pure 2a.

Potassium-Templated Synthesis. Diethylene glycol bis(p-
toluenesulfonate) and 13a were reacted, as described above, by
using K,CO; as a base. The crude product was treated with
aqueous KPFy instead of KCIO,, which is slightly soluble in H,0,
and purified by column chromatography. A mixture of complexes
(K C 1a]*PFg and [Na C 1a]*PFg in roughly 4:6 ratio (de-
termined by *C NMR) was obtained in 38% yield. The mixture
dissolved in CHCl, was stirred for 2 h with a large excess of a
saturated aqueous NaClOQ, solution, quantitatively affording pure
2a.

[Na C 1b]J*Cl10, (2b) was prepared from 13b as described
in the sodium-templated synthesis of 2a, in 66% yield: mp
180-182 °C. 'H and 3C NMR characterization of 2b has been
reported in ref 9.

[Na C la (or 1b)]*X" (X = I, Br, Cl) by Anionic Exchange
Starting from 2a (or 2b). General Procedure. A solution of
the appropriate sodium salt (15 mmol) in MeOH was added to
a stirred solution of 3 mmol of 2a (or 2b) in 50 mL of MeOH. The
mixture was stirred at room temperature for 1 h and the solvent
evaporated in vacuo. The residue was dissolved in 80 mL of
CH,Cl,, filtered, and evaporated. This procedure was repeated
three to 10 times, depending on the anion. Column chromatog-
raphy (silica gel; CHCl;-MeCN) of the crude complexes afforded
compounds whose purity (35-100%) was tested by potentiometric
titration of the halide ion.

12-Hexadecyl-7,17,22,27-tetraoxa-1,4,10,14-tetraazatricy-
clo[12.5.5.54%Inonacosane (1b). A sample of 100 mL of a 0.5
M solution of KF (or KOMe) in MeOH was added to a stirred
solution of 12.2 g (16 mmol) of 2b in 150 mL of MeOH, imme-
diately giving a precipitate of KClO,, which was filtered. This
procedure was repeated two more times. The full conversion of
2b into the corresponding fluoride (or methoxide) was checked
by TLC. The volume of the final solution was reduced to 50 mL
by evaporation, and the concentrated solution was transferred
into an apparatus for liquid-liquid extraction by upward dis-
placement. After addition of 150 mL of 10% aqueous KF (or
KOH), the resulting solution was continuously extracted at 50
°C with n-hexane over 2 days. Evaporation of the solvent afforded
9.75 g (93%) of 1b as a white solid: mp 79-80 °C (MeOH). 'H
and ®C NMR characterization of 1b has been reported in ref 13.

12-Benzyl-7,17,22,27-tetraoxa-1,4,10,14-tetraazatricyclo-
[12.5.5.5%%]nonacosane (la). Starting from 2a, the same pro-
cedure used for 1b gave, after 14 days, 1a in 67% yield: mp 94-96
°C (n-pentane).

[K C 1b]*PF4. A solution of 208 mg (1.13 mmol) of KPFg
in 5 mL of MeOH-H,0, 4:1 (v/v), was added to a stirred solution
of 723 mg (1.13 mmol) of 1b in 8 mL of MeOH-CHCl,, 1:1 (v/v).
After evaporation of the solvent, the solid residue was crystallized
from MeOH, affording 614 mg (66%) of the complex as a white
solid: mp 133-135 °C.

Determination of Extraction Constants (K ,,) of Alkali
Halides by 1b. Into a 20-mL centrifuge tube were introduced
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Table IV. Crystal Data of 2a

formula CoysH sCINNaOy
formula wt 627.16

cryst system monoclinic

a, A 9.906 (2)

b, A 10.150 (2)

c, A 15.900 (2)

a, deg . -

B, deg 94.60 (1)

Yy deg -

Vv, AY 1593.5

Z, p (caled), g cm™ 2, 1.307

space group P2, (No. 4)
F(000) 672

radiation (graphite monochr) Mo Kea (0.71073)
diffractometer Enraf-Nonius CAD4
w(Mo Kea), cm™ 1.81

26 range, deg 6 <26 <50
scan method

w
scan interval, deg 0.90 + 0.347 tan 8

scan speed, deg min™! 1.0
collected octants +h.k,l
no. of data collected (at room temperature) 2861
no. of data used (I > 0) 2373

crystal decay
crystal size, mm

no decay
0.34 X 0.19 x 0.06

weighting fudge p factor 0.030
R 0.126
R, 0.065
GOF 1.367
no. of variable parameters 378

max peak in final diff Fourier, e A= 0.460

5.0 mL of a 5 X 102 M solution of 1b in CHCl,, 5.0 mL of a 5
X 102 M aqueous solution of the appropriate alkali halide, and
a small magnetic stir bar. The tube, stoppered to prevent
evaporation, was stirred for 24 h at 20 °C and then centrifuged
at 3000 rpm for 10 min. A 1.0-mL aliquot of the aqueous layer
was diluted with 40 mL of H,0, acidified with 1 mL of 6 N HNO,,
and potentiometrically titrated with 1 X 1072 N aqueous AgNO;.
Extraction constants (K,,),

_ MC 1b)*X"Icncy,
& [M*],0[X 0l 1blcuc,

were calculated from the halide concentration in the aqueous phase
[X"]u,0 at the equilibrium:

(X0 = M*lyy0
(M C 11)*X Joncy, = [X1%,0 — [Xny0
[1b]croy = [1b]%xucy, — [(M C 1b)* X Jony,

where [X"]%,0 and [1b]°cycy, are the initial concentrations. Results
are reported in Table I.

Extractions of Nal were carried out with 5 X 10~ M aqueous
and organic solutions, and titrations were performed with 1 X
107 N aqueous AgNO;. After 48-h equilibration, the I" concen-
tration was less then 5 X 10 M, thus indicating K., > 107.

Hydrogen-Deuterium Exchange of Diphenylmethane
under Liquid-Liquid Phase-Transfer Conditions Catalyzed
by 1b. A mixture of 84.1 mg (0.5 mmol) of diphenylmethane, 1.0
mL of 40% NaOD in D,0, and 50.5 mg (0.1 mmol) of 1b was
stirred at 70 °C for 5 h. After addition of 2 mL of Hy,O and
acidification with 3 N HC], the mixture was extracted with CH,Cl,.
Drying over MgSO, and evaporation of the solvent gave a residue,
which was dissolved in 0.5 mL of CDCl;. 'H NMR analysis showed
the 50% deuteriation of the diphenylmethane CH, signal.

Hydroxide Ion Initiated Oxidations under Liquid-Liquid
Phase-Transfer Conditions Catalyzed by 1b. A mixture of
1 mmol of the appropriate substrate (neat or in chlorobenzene
solution), 2 mL of 40-63% NaOH, and 0.05-0.2 molar equiv of
1b was stirred in an oxygen atmosphere. Reactions were followed
by GLC, and the results obtained are reported in Table III.

X-ray Crystallographic Analysis of 2a. Crystal data of 2a
are collected in Table IV. Diffraction intensies were measured
on a Enraf-Nonius CAD4 diffractometer by using graphite-
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monochromatized Mo Ko radiation (A = 0.71073 A). A total of
2861 reflections was collected up to 20 = 50°, among which 2373
were observed reflections.

The crystal structure was solved by the direct method (MUL-
TAN)?* and refined by the full-matrix least-squares method to the
R,, index of 0.065.

The non-hydrogen atoms were refined anisotropically, and
hydrogen atoms were made ride at fixed C-H bond distances (0.95
A) with fixed thermal parameters.

All the computations were performed on a PDP 11/34 computer
by using the Enraf-Nonius Structure Determination Package
(SDP) and the physical constants therein tabulated,? with ORTEP*®

(24) MULTAN, a system of computer programs for the automatic solu-
tion of crystal structures from X-ray diffraction data (Germain, G.; Main,
P.; Woolfson, M. M., Acta Crystallogr., Sect. A: Cryst. Phys., Diffr.,
Theor. Gen. Crystallogr. 1971, A27, 368).

(25) SDP Plus, Version 1.0, from Enraf-Nonius, Delft, Holland, 1380.

(26) A Fortran thermal-ellipsoid-plot program for crystal-structure
illustrations (Johnson, C. K. ORTEP; Oak Ridge National Laboratory: Oak
Ridge, TN, 1971).

being used for drawings.
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The reaction of azirines 3a,b,d,e with trimethylsilyl isocyanate (4) or isothiocyanate (8) gives imidazolinones
6a,b,e and thiones 7a,b,d,e, respectively. However, in an alternate reaction course, azirine 3¢ leads to amidinium
salts 9. The potential of the products for chemical modification is shown by hydrolysis of 7a to give 12 and by
the oxidative desulfurization of 7a,d to furnish 6a,d.

Introduction

A variety of synthetic approaches to hydantoins and
related compounds have been devised.? Because of the
therapeutic value of some 5,5-diarylhydantoins® and the
2-thio analogues,* we report here a new approach to some
5-substituted hydantoin derivatives using the cycloadditon
of 3-(dialkylamino)-2H-azirines 3 with trimethylsily! iso-
cyanate (4) and isothiocyanate (5). Previous investigations
on the reaction of the highly nucleophilic azirines 3 with
alkyl,? phenyl,® or tosyl isocyanate” or with isothiocyanates®
had provided a host of heterocyclic systems, resulting from
opening of either the 1,2- or the 1,3-bond in 3.
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8: Khattak, I.; Ketcham, R.; Schaumann, E.; Adiwidjaja, G.; J. Org.
Chem. 1985, 50, 3431.
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(4) Tomkins, J. E. J. Med. Chem. 1986, 29, 855.

(5) Schaumann, E.; Grabley, S.; Adiwidjaja, G. Justus Liebigs Ann.
Chem, 1981, 264,
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Results and Discussion

Azirines 3a—d were prepared from the chloro enamines
and sodium azide according to the method of Ghosez.?
The carbamoy! azirine 3e was prepared by the photolysis
of the isoxazole following Viehe’s method.!%!! Only the
diphenyl azirine 3d had not been previously reported and
was prepared from thioamide 1 via the chloro enamine 2
by the following reaction sequence.

s coci, Ph  CI NaNs Ph,

,
Ph,CH-C—NMe, ——mr = e ><Q
PR NMe, Ph

NMe,

3 2 3¢

In contrast to other chloro enamines 2 and 2,2-disub-
stituted azirines 3 the diphenyl compounds 2, 3d were both
solids. Azirine 3d gave the typical IR band at 1775 em™
associated with the amidine moiety.? Because of its re-
activity and sensitivity to moisture, the chloro enamine
was not fully characterized but was reacted after distilla-
tion with sodium azide to give the azirine 3d.

(9) Rens, M.; Ghosez, L. Tetrahedron Lett. 1970, 3765. Rens, M.
Dissertation, University of Louvain, 1973.

(10) De Voghel, G. J.; Eggerichs, T. L.; Clamot, B.; Viehe, H. G.
Chimia 1976, 30, 191.

(11) Seybold, G.; Heibl, Ch. Chem. Ber. 1977, 110, 1225.
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