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or EM-390 instrument with Me,Si as an internal standard. A
Hitachi 260-10 spectrophotometer was used to obtain IR spectra.
Chromatography was performed on 230-400-mesh silica gel.

1-[(Trimethylsilyl)methyl]pyrrole (4a) was prepared from
pyrrole in 38% yield according to the procedure of Ashby:!> bp
88.5-89 °C (37 mm) [lit.!2 bp 84 °C (30 mm)].

1-[(Trimethylsilyl)methyllimidazole (4c) was prepared from
imidazole in 41% yield according to the procedure of Barcza:!3
bp 110-111 °C (7 mm) [lit.!® bp 65 °C (0.5 mm)].

Preparation of 1-[(Trimethylsilyl)methyl]pyrazole (4b).
A suspension of pyrazole (10 g, 147 mmol), (chloromethyl)tri-
methylsilane (19.8 g, 161 mmol), powdered K,CO; (24.4 g, 177
mmol), and dry Me,SO (200 mL) was stirred at 25 °C for 62 h.
The resulting mixture was poured into ice-water and extracted
with Et,0. The organic layer was washed with water, dried
(NayS0,), and evaporated. The residue was distilled under re-
duced pressure to give 11.5 g of 4b (51%): bp 118-119 °C (126
mm); *H NMR (CDCly) 8 0.11 (s, 9 H, Mejy), 3.71 (s, 2 H, CH,),
6.08-6.21 (m, 1 H, 4-position of pyrazole ring), 7.14-7.26 (m, 1
H, 3-position), 7.33-7.46 (m, 1 H, 5-position); IR (neat) 3100, 2950,
2890, 1510, 1440, 1410, 1390, 1245, 1125, 1085, 1045, 960, 915, 850,
745,700 cm™. Anal. Caled for C;H,N,Si: C, 54.49; H, 9.15; N,
18.16. Found: C, 54.20; H, 9.03; N, 17.95.

1-[(Trimethylsilyl)methyl]-1,2,4-triazole (4d) was prepared
in a similar manner. 1,2,4-Triazole (12 g, 174 mmol) was converted
into 20.7 g of 4d (77%): bp 102-103 °C (15 mm); '"H NMR (CCl,)
6 0.11 (s, 9 H, Mey), 3.67 (s, 2 H, CH,), 7.62 (s, 1 H, 3-position
of 1,2 4-triazole ring), 7.76 (s, 1 H, 5-position); IR (neat) 3100, 2950,
2890, 1500, 1410, 1345, 1290, 1270, 1250, 1210, 1140, 1010, 950,
850, 760, 700, 680 cin™!. Anal. Caled for CgH 3N3Si: C, 46.41;
H, 8.44; N, 27.06. Found: C, 46.00; H, 8.47; N, 26.90.

1-[(Trimethylsilyl)methyl]tetrazole (4e) and 2-[(tri-
methylsilyl)methyl]tetrazole were prepared in a similar
manner. Tetrazole (6 g, 86 mmol) gave 4e (3.35 ¢, 26%) and
2-[(trimethylsilyl)methyl]tetrazole (1.97 g, 15%), which were
separated from each other by flash chromatography using
AcOEt-benzene (1:4) as an eluent. 4e: mp 56-57.5 °C; 'H NMR
(CDCly) 5 0.17 (s, 9 H, Mey), 3.94 (s, 2 H, CH,), 8.50 (5, 1 H,
5-position of tetrazole ring); IR (Nujol) 3090, 1485, 1425, 1270,
1255, 1240, 1180, 1120, 1100, 975, 900, 870, 850, 775, 710 cm™.
Anal. Caled for C;H ,N,Si: C, 38.43; H, 7.74; N, 35.85. Found:
C, 38.16; H, 7.71; N, 35.64. 2-[(Trimethylsilyl)methyl]tetrazole:
bp 85-86 °C (17 mm); 'H NMR (CDCl;) 6 0.18 (s, 9 H, Mej), 4.22
(s, 2 H, CH,), 8.43 (s, 1 H, 5-position of tetrazole ring); IR (neat)
3135, 2950, 2895, 1445, 1410, 1350, 1275, 1250, 1170, 1130, 1090,
1020, 1000, 850, 765, 740, 700 cm™’. Anal. Calcd for CyH ;N Si:
C, 38.43; H, 7.74; N, 35.85. Found: C, 37.91; H, 7.58; N, 35.55.

General Procedure for CsF-Catalyzed Reaction of 1-
[(Trimethylsilyl)methyl]azole 4 with Carbonyl Compounds.
To a solution of carbonyl compound (500 mg, 2.7-5.1 mmol) and
4 (1.2 molar equiv/mol of carbonyl compound) in dry diglyme
(1.9 mL/mmol of carbonyl compound) under nitrogen atmosphere
at room temperature was added powdered CsF (0.1 molar
equiv/mol of carbonyl compound, dried 150 °C under vacuum).
The suspension was stirred at 100 °C for the period shown in Table
L. After cooling to room temperature, 6 N HCI (2 mL) was added
and the mixture was stirred for 6 h. The reaction mixture was
poured into 5% NaOH and extracted with CH,Cl,. The organic
layer was washed with water, dried (Na,SO,), and evaporated.
The residue was purified by flash chromatography and the results
are summarized in Table I (entries 1, 3, 5, 7, 9).

General Procedure for TBAF-Catalyzed Reaction of 4
with Carbonyl Compounds. To a mixture of carbonyl com-
pound (500 mg, 2.7-5.1 mmol) and 4 (1.2 molar equiv/mol of
carbonyl compound) in dry THF (1.9 mL/mmol of carbonyl
compound) under nitrogen atmosphere at room temperature was
added anhydrous TBAF (0.1 molar equiv/mol of carbonyl com-
pound, 1 M in THF). The mixture was refluxed for the period
shown in Table I. The reaction mixture was worked up in a similar
manner to that described above, and purified by flash chroma-
tography to give 8 with or without 9, as shown in Table I (entries
2,4, 6, 8,10, 13 14).

General Procedure for t -BuOK-Induced Reaction of 1-
[(Trimethylsilyl)methyl]azole 4 with Benzophenone (5g).
t-BuOK (148 mg, 1.3 mmol) was added to a solution of 5g (200
mg, 1.1 mmol) and 4 (1.2 molar equiv/mol of 5g) in dry THF (2
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mL) and the mixture was stirred under the conditions described
in Table I. The mixture was poured into ice-water and extracted
with CH,Cl,. The organic layer was washed with water, dried
(NayS0y), and evaporated. The residue was chromatographed
on silica gel to give the products listed in Table I (entries 11, 12,
15-18).

TBAF-Catalyzed Reaction of 1-[(Trimethylsilyl)-
methyl]-1,2,4-triazole (4d) with o-Tetralone (10). To a solution
of 10 (470 mg, 3.2 mmol) and 4d (1 g, 6.4 mmol) in dry THF (10
mL) was added anhydrous TBAF (0.3 mL, 1 M in THF) under
nitrogen atmosphere at room temperature, and the mixture was
refluxed for 2 h. The reaction mixture was evaporated to remove
THF and chromatographed on silica gel. The fractions eluted
with benzene-hexane (1:1) gave 11 (257 mg, 37%): 'H NMR
(CCly 8 0.24 (s, 9 H, Mey), 2.06-2.91 (m, 4 H, -(CH,),-), 5.05 (t,
1 H,J = 4.2 Hz, CH=), 6.88-7.54 (m, 4 H, Ar H); IR (neat) 1640
cm™. The fractions eluted with benzene gave a-tetralone (137
mg, 29%). The fraction eluted with benzene-AcOEt (10:1) af-
forded a mixture of 12 and 13 (272 mg, 12:13 = 2.5:1 by 'H NMR
spectrum, 25%). 12: 'H NMR (CCl,) 5 0.0 (s, 9 H, Me,), 1.57-2.95
(m, 6 H, -(CH,)s-), 3.80 (s, 3 H, Me), 7.02-7.43 (m, 4 H, Ar H),
7.48 (s, 1 H, 3-position of 1,2,4-triazole ring). 13: 'H NMR (CCl,)
8 0.0 (s, 9 H, Mey), 1.57-2.95 (m, 6 H, -(CH,);-), 4.13 (d, 1 H, J
= 14.4 Hz, NCHH), 440 (d, 1 H, J = 14.4 Hz, NCHH), 7.02-7.43
(m, 4 H, Ar H), 7.70 (s, 1 H, 3-position of 1,2,4-triazole ring), 8.05
(s, 1 H, 5-position of 1,2,4-triazole ring).
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Many macrocyclic compounds showing cation-selective
behavior®? are commonly prepared either by metal temp-
late condensation reactions* or by high-dilution tech-
niques.®? Structural, magnetic, spectroscopic, and redox
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Notes

studies of the binuclear complexes of the type [M!,L]?*
(1),57 obtained by reacting stoichiometric amounts of 4-
methyl-2,6-diformylphenol and its analogues with primary
diamines in the presence of some bivalent metal salts, have
been extremely useful in understanding the properties of
coupled metal systems.> % Although the metal-encapsu-
lated compounds are available, the metal-free macrocycles
(H,L) are not. This is because their synthesis via the
nontemplate route invariably yields polymeric products,
whereas removal of the metal ions from 1 leads to the
hydrolytic cleavage of the azomethine linkages. We have
been interested to prepare the fully saturated analogues
of H,L for several reasons: (a) The cation-selective be-
havior of these compounds can be discriminated by de-
termining the formation constants of their metal com-
plexes. (b) The chemistry of their binuclear metal com-
plexes at higher oxidation states can be investigated. (c)
The effect of flexibility and hole size in their metal com-
plexes can be investigated. (d) The secondary amino
groups of these molecules can be functionalized!! to gen-
erate macrocyclic compounds with modified structure. We
report here the preparation of four macrocyclic com-
pounds, 2-5, by NaBH, reduction of 1.

The obvious method for preparing compounds 2-5
would be to reduce a suitable precursor complex (1), fol-
lowed by removal of the metal ions. Cyclic voltammetric
studies of the dicopper(II) complexes®® revealed that
reduction of the metal centers occurs prior to the reduction
of C=N bonds, and the reduction of the latter does not
take place at least up to -1.2 V vs. SCE. It also became
apparent that although NaBH, reduces the C==N bonds,
undesirable side reactions such as oligomerization of the
phenolic groups and hydrolysis of the C=N bonds con-
sequent to the reduction of the Cu?' ions take place.
Clearly, it was necessary to use a metal ion for precursor
complex formation whose reduction potential should be
more negative than that of C=N, and the metal ion should
be able to form stable complexes with the reduced mac-
rocyclic rings. Preliminary studies showed that the mag-
nesium complexes [Mg,L(NO;),]:2H;0 (1) are suitable
starting materials for preparing symmetric macrocyclic
compounds 2-4. Compound 3 can also be obtained in good
yield from [Pb,LL(NO;),]-4H,0. However, an attempt to
obtain the precursor Pb complex from 1,2-diaminoethane
led to the formation of one-sided condensation product (6).
The formation of 6 is not unexpected, because the cavity
of the macrocyclic ring obtained from 1,2-diaminoethane
is too small to accommodate two Pb?* ions whose ionic
radius (1.17 A) is much greater than that of the Mg2?* ion
(0.78 A). Compound 6, in turn, can be condensed with one
molecule of 1,3-diaminopropane, from which the asym-
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metric macrocyclic compound 5 can be obtained after
NaBH, reduction.

Experimental Section

General Comments. All reagents and solvents were purchased
from commercial sources and used as such. 4-Methyl-2,6-di-
formylphenol was prepared by a known procedure.!?

All melting points were determined in open capillary tubes and
are uncorrected. Elemental analyses were performed on a Per-
kin-Elmer Model 240C elemental analyzer. Infrared spectra were
recorded on a Perkin-Elmer Model 783 infrared spectrophotom-
eter. 'H NMR spectra were obtained in CDCl; with Me,Si as the
internal standard and recorded on a Bruker WP /80 spectrometer.
13C NMR spectra were also recorded on the same instrument at
20.1 MHz. Mass spectra (MS) were measured on a V.G. Micro-
mass 7070HS mass spectrometer using an ionization energy of
70 eV.

Synthesis of Macrocycle 3. Method I. To a boiling MeOH
solution (50 mL) of 4-methyl-2,6-diformylphenol (4.9 g, 30 mmol)
were added a hot MeOH solution (20 mL) of Mg(NOQ;),-6H,0 (7.7
g, 30 mmol) and 1,3-diaminopropane (2.2 g, 30 mmol). The
mixture was refluxed for 8 h during which a yellow crystalline
compound deposited. The product was collected by filtration,
washed with MeOH, and air-dried. The magnesium complex (8.1
g) was finely ground to powder and suspended in MeOH (150 mL).
To this stirred suspension was added an aqueous solution (10 mL)
of NaBH; (5 g) in small portions over a period of 1 h. During
this period, all the material went into solution and a colorless
solution was obtained. After additional stirring for 1 h, the
solution was filtered, diluted with water (400 mL), and acidified
with HCI (6 M) to make a clear solution. To this solution was
added the disodium salt of EDTA (10 g) dissolved in a mixture

(12) Ullman, F.; Brittner, K. Chem. Ber. 1909, 42, 2539.
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of water (15 mL) and ammonia (25 mL) with stirring. The solution
was adjusted to ca. pH 10 by adding ammonia, and the solution
was then extracted with CHCl; (2 X 100 mL). The CHCl; extract
after treating with anhydrous Na,SO, was evaporated to dryness
on a rotavap. The white residue was extracted with boiling
petroleum ether (80-100 °C), which on slow evaporation deposited
colorless cubic crystals, vield 2.3 g (38%).

Method II. To a boiling MeOH solution (50 mL) of 4-
methyl-2,6-diformylphenol (4.9 g, 30 mmol) were added a mixture
of Pb(OAc)»3H,0 (5.7 g, 15 mmol) and Ph(NO;), (5 g, 15 mmol)
dissolved in hot DMF (20 mL) and 1,3-diaminopropane (2.2 g,
30 mmol) diluted with MeOH (20 mL) at one time. The resulting
mixture was refluxed for 8 h during which an orange-yellow
crystalline product deposited. This was collected by filtration,
washed with MeOH and CHCl;, and finally air-dried. [Pb,L(N-
03),)-4H,0 thus obtained (9 g) was pulverized and slurried with
MeOH (120 mL). NaBH; (3.5 g) dissolved in water (10 mL) was
added to this stirred suspension over a period of 30 min. Stirring
was continued for 2 h, after which the solution was filtered to
remove any undissolved material. The filtrate was diluted with
water (350 mL) and acidified with cold dilute H,SO, (8 M). PbSO,
precipitated, was removed by filtration, and was washed several
times with cold water. The combined filtrate was treated with
ammonia in an ice bath until the solution reached ca. pH 10. This
was then extracted with CHCl; (2 X 100 mL). The CHCl, layer
was treated as described above: yield 2.1 g (35%); mp 125 °C
dec; IR (Nujol) 3540 [m, »(OH)], 3260 [m, »(NH)], 1605 [m,
3(NH)], 1250 em™ [m, »(CO)]; *H NMR (CDCl,) § 1.86 (quint,
4 H, CH,CH,CH,), 2.18 (s, 6 H, Me), 2.58 (t, 8 H, CH,CH,CH,),
3.83 (s, 8 H, ArCHj,), 5.1 (br, 6 H, NH, OH), 6.74 (s, 4 H, Ph);
3C NMR (CDCly) 6§ 20.14 (q, Me), 29.79 (t, CH,CH,CH,), 46.54
(t, CH,CH,CH,), 51.15 (t, ArCH,), 123.95 (s, 4-Ph), 127.20 (s,
2,6-Ph), 128.82 (d, 8,5-Ph), 154.37 (s, 1-Ph); MS, m/e 412.16 (M*,
2.3%), 268.05 (M* - 2 C;HgN,, 2.8%), 266.02 (268.05 - 2 H due
to OH coupling, 2.2%). Anal. Caled for CoHasN,Os: C, 69.90;
H, 8.74; N, 13.59. Found: C, 69.75; H, 8.68; N, 13.47.

Macrocycle 2. This compound was prepared according to
method I. The product obtained after evaporation of CHCl; was
recrystallized three times from MeOH: yield 20%; mp 210-211
°C; IR (Nujol) 3520 [m, »(OH)), 3250 [m, »(NH)], 1605 [m, s(NH)],
1250 cm™ [m, »(CO)]; 'H NMR (CDCly) 6 2.20 (s, 6 H, Me), 2.80
(s, 8 H, CH,CH,), 3.76 (s, 8 H, ArCH,), 4.06 (br s, 6 H, NH, OH),
6.73 (s, 4 H, Ph). Anal. Calcd for C5H3,N,Oy: C, 68.75; H, 8.33;
N, 14.58. Found: C, 69.02; H, 8.28; N, 14.70.

Macrocycle 4. Method I was followed to prepare this com-
pound, recrystallized three times from MeOH: yield 15%; mp
178-179 °C; IR (KBr) 3450 {br, »(OH)], 3310 (w), 3270 [m, »(NH)],
1610 [m, 5(NH)], 1260 cm™ [m, »(CO)]; 'H NMR (CDCl,) 4 1.56
(m, 8 H, CH,CH,CH,CH,), 2.21 (s, 6 H, Me), 2.61 (t, 8 H,
CH,CH,CH,CH,), 3.81 (s, 8 H, ArCH,), 4.71 (br s, 6 H, NH, OH),
6.73 (5,4 H, Ph). Anal. Caled for CosH,N,O,: C, 70.91; H, 9.09;
N, 12,72, Found: C, 70.72; H, 9.0; N, 12.60.

Macrocycle 5. To a boiling MeOH solution (50 mL) of 4-
methyl-2,6-diformylphenol (4.9 g, 30 mmol) were added tri-
ethylamine (3 g, 30 mmol), Pb(NO3), (9.9 g, 30 mmol) dissolved
in hot DMF (20 mL), and 1,2-diaminoethane (0.9 g, 15 mmol)
mixed with MeOH (15 mL). The resulting mixture was heated
under reflux for 9 h, and the product formed was collected by
filtration that was then washed with MeOH. Compound 6 thus
obtained (9.2 g) was finely powdered and suspended in MeOH
(50 mL), and under vigorously stirred conditions to 0.74 g of
1,3-diaminopropane diluted with MeOH was added. The mixture
was stirred and refluxed for 10 h after which it was filtered. The
lead complex was then reduced according to the procedure de-
scribed in method II. The overall yield of 5 was 9%; mp 148-149
°C; IR (KBr) 3440 [br, »(OH)], 3260 [m, »(NH)], 1610 [m, s(NH)],
1240 em™ [»(CO)]; 'H NMR (CDCly) § 1.71 (quint, 2 H,
CH,CH,CH,), 2.20 (s, 6 H, Me), 2.58-2.82 (m, 8 H,
CH,CH,CH,CH,CHS,), 3.77 (s) and 3.81 (s) (8 H, ArCH,), 4.5 (br,
NH, OH), 6.77 (s, 4 H, Ph). Anal. Caled for Co3H3,N,Oy: C, 69.34;
H, 8.54; N, 14.07. Found: C, 69.56; H, 8.60; N, 13.97.
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Haymet! has reported a theoretical study of the intri-
guing Cg “alkene”, footballene (1), an approximately
spherical, fully conjugated compound which contains 12
five- and 20 six-membered rings. By comparing the Hiickel
delocalization energy (DE) per carbon of 1 with those of
benzene and a related molecule, [5.6.1]corannulene (2), he
concluded that 1 might be stable.

However, there is a very little correlation between
Hickel DE and the chemical behavior of cyclic conjugated
hydrocarbons. An early paper by Roberts, Streitwieser,
and Regan? reported calculated DE’s for a large number
of interesting systems, many of which were predicted to
be aromatic and therefore stable. Subsequent efforts by
synthetic chemists showed most of these predictions to be
incorrect. In 1969 Dewar and De Llano® proposed a change
in the reference structure for computing resonance ener-
gies, and when this new reference structure was applied*
to the Hiickel method a quite good qualitative correlation
was found between theory and experiment for a wide range
of conjugated systems.>® A simple demonstration of this
can be seen by examining the series of linearly annelated
polyacenes: benzene, naphthalene, anthracene, tetracene,
and pentacene. Table I lists the computed DE/Carbon
or 7 electron (DEPE) and Hiickel resonance energies per
= electron (REPE). It is seen that as the number of rings
increases, DEPE also increases, but REPE decreases.
Thus REPE predicts decreasing stability with increasing
size, in agreement with the known chemical behavior of
this series,® while DEPE predicts increasing stability.
Hence a high DEPE should not be used to support po-
tential stability.

Both DEPE and REPE were developed as indices for
the prediction of “aromaticity”, a vague concept, but one
that most would agree implies extra stability (though again
in some poorly defined sense). It turns out that DEPE fails
so badly that REPE can be seen to be a better index (see
especially Fig. 1 of ref 9) in spite of thse ambiguities.

We have computed REPE’s for 1 (0.031 8),'° the cor-
annulene 2 (0.049 8),!! and also for the other Cg, system,
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