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(R)-(+)-1-(1-naphthyl)ethylamine enhances the diastereomeric
ratio to 3:1 (2e). A 10:1 mixture of diastereomers is observed
upon changing the a-methyl substituent in the latter amine to an
isopropyl group (2f). Chiral recognition in these systems is
proposed to result from the following interactions between the
calixarene skeleton and the ammonium ion: (1) a hydrogen bond
between an ammonium ion hydrogen and a phenolate oxygen and
(2) the stacking® of one calixarene aryl ring with the naphthyl
ring of the chiral amine. Evidence for the latter interaction is
indicated by an upfield shift of one calixarene rert-butyl resonance
per diastereomer (ca. 0.5 ppm for the minor and 1.0 ppm for the
major diastereomer). This is not observed in the analogous sodium
or potassium salts (2a,b). Furthermore, many of the resonances
associated with these ammonium ions (e.g., methine, a-alkyl and
naphthyl ring hydrogens) are shifted upfield (up to 1.3 ppm),
relative to their analogous hydrochloride salts. Steric repulsion
between the metallacalixarene frame and the a-alkyl substituent
on the chiral amine would account for the third interaction
necessary for chiral recognition.

The crystal structure together with space-filling models indicate
that the shape and size of the cavities in 2 should prevent the
synthesis of analogous dititanacalix[8]arene complexes containing
sterically demanding alkoxide ligands. We have in fact observed
that using Ti(O-z-Bu), in place of Ti(O-i-Pr), in eq 1 leads to
a compound that is not structurally related to the isopropoxide
complexes discussed above (deduced by 'H NMR). However,
reaction of this material with 2 equiv of isopropyl alcohol provides
the isopropoxide corhplex in quantitative yield. This observation
leads to a convenient and practical synthesis of a variety of di-
titana(alkoxy)calix[8]arene complexes as shown in eq 2. The
'H NMR spectra of the crude products from these reactions (after
removal of the solvent in vacuo) indicate that these compounds
may be used in further reactions without purification.

1) Base
1 - [calix{8)arene(Ti(OR),]" [M or RNHyt (2)

2} 2 [TI(O-t-Bu)4/R’OH]
(previously mixed
in THF}

+ 8 HO-t-Bu

Finally, we have also prepared zirconium(isopropoxy)calix-
[8]arene and vanadium(oxo)calix[8]arene complexes!® by sub-
stituting Zr(O-i-Pr)(HO-i-Pr) and V(O)(O-i-Pr);,, respectively,
as the metal reagents in eq 1.

A search employing other chiral amines (especially those derived
from the chiral pool!!) should lead to a synthesis of homochiral
dimetallacalixarenes.'? The reaction chemistry!? of these com-
plexes as well as their potential applications as resolving agents,
protecting groups, and chiral auxiliaries in organic synthesis are
also being explored.
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Although cationic cyclization processes have been proposed as
part of the biosynthetic pathway to a variety of large-ring terpenes,
such as humulene and cembrene,? little experimental evidence
exists in support of such entropically unfavorable cyclization
processes.>*  As part of our continuing interests in both the
intramolecular® and intermolecular® cyclization reactions of allyl
cations, we have explored the intramolecular addition of an allyl
cation to a vinylcyclopropane moiety. We now report that 11-
membered rings, similar to that of humulene, can be formed in
good yield through entropically unfavorable cationic cyclization
reactions at low temperature.

In a typical procedure, a dry methylene chloride solution of 1a’#
was treated with 2 mol % of triflic acid at 0 °C for 3 min.
Quenching of the acid catalyst with excess triethylamine, followed
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(7) The synthesis of 1a involved treatment of glutaraldehyde with 1,1-
dimethylethyl triphenylphosphoranylideneacetate to give 1,1-dimethylethyl
(2E)-7-oxoheptenoate in 78% yield. Treatment of this aldehyde with 1-tri-
phenylphosphoranylidene-2-propanone gave 91% of 1,1-dimethylethyl
(2E,7E)-9-0xodecadienoate. Reaction of this keto ester with dimethylsulf-
oxonium ylid yielded 32% of 1,1-dimethylethyl [2E(1S5*,25%)]-6-(2-acetyl-
cyclopropyl)hexenoate. The acetyl group of this ester was treated with tri-
phenylphosphoranylidenemethane to give 92% of 1,1-dimethylethyl [2E-
(15*,25%)]-6-[2-(1-methylethenyl)cyclopropyl]hexenoate. Addition of me-
thyllithium to this ester gave 70% of 1a. Treatment of 1a with potassium
hydride followed by methyl iodide gave 93% of 1b.

(8) Satisfactory elemental analyses and/or exact mass molecular weights
were obtained on all new compounds. All compounds described had IR, 'H
NMR, and '3C NMR spectroscopic data which were consistent with the
assigned structures.
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by workup and chromatographic isolation of the products, gave
compounds 2-6, plus trace amounts of monomeric ethers. When
the concentration of 1a was 0.001 M, we obtained 35% of 2, 18%
of 3, 6% of 4a, trace amounts of 5, and trace amounts of 6. When
the concentration of 1a was increased to 0.005 M, the corre-
sponding yields were 2, 22%; 3, 10%; 4a, 16%; 5, 8%; and trace
amounts of 6 in addition to small amounts of several monomeric
ethers. When the temperature of the reaction was increased to
25 °C and the concentration of 1a was maintained at 0.001 M,
2 was obtained in 46% yield, and 4a was present in 3% yield.
Under these conditions, 3 was not observed.

Similar treatment of 1b (0.005 M) in methylene chloride at
=23 °C with 5 mol % triflic acid gave 35% of 4b, 6% of 2, plus
an assortment of acyclic monoethers and diethers. The alcohol
4a was converted into 4b in 94% yield through treatment with
potassium hydride followed by methyl iodide. The structure of
4a was unequivocally established through conversion of 4a into
its p-nitrobenzoate, 4c (R = PNB, mp 126-127 °C), followed by
single-crystal X-ray analysis. Figure 1 shows an ORTEP drawing
of 4¢. %10

Although elemental analyses, exact mass molecular weights,
'H NMR, 3C NMR, COSY and HETCOR NMR studies, and
IR spectroscopy all supported the structural assignments made
in this investigation, we desired to tie as many products as possible
to 4c via 4a and 4b. Thus, a variety of chemical correlation studies
were carried out. Treatment of 3 with 2 mol % of triflic acid in
methylene chloride containing 5 equiv of methanol for 20 min at
0 °C gave an 84% yield of 4b interrelating 3 and 4. Treatment
of 3 with 2 mol % of triflic acid in methylene chloride for 5 min
at =23 °C gave a 40% yield of 2 in addition to unreacted 3. When
3 was treated under these conditions for 15 min, a mixture of 2
and 7 was obtained. Equilibration of 2 and 7 resulted in a 1:6
ratio, respectively.

= =
CF3S04H A
d N
=23 °C
10 min
z ) g

The presence of 6 was thought to be related to the conversion
of 1into 8. When 8 was treated with 5 mol % of triflic acid in
methylene chloride at =23 °C for 10 min, 6 was obtained as the
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Figure 1. ORTEP drawing of 4c.

major product. We believe this to be the result of the productive
protonation of the vinylcyclopropane moiety in preference to the
butadiene moiety of 8.

The facile formation of 10- and 11-membered rings in reactions
of 1a and 1b with acid illustrates the ease with which an allyl cation
can be “trapped” by a vinylcyclopropane.!! Initial protonation
on oxygen, followed by loss of ROH, would produce 9. In

OR
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H
H
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~ut
g l "
CHy CH3
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principle, 9 could cyclize to form either an 8-membered ring
through attack of carbon “c” of the allylic cation on the vinyl-
cyclopropane double bond or a 10-membered ring through attack
of carbon “a” of the allyl cation on the olefinic moiety of the
vinylcyclopropane. In practice, only a 10-membered transition
state is involved, which produces the cyclopropyl carbinyl-hom-
oallylic cation 10.!1> Loss of a proton from the designated
methylene group of 10 would produce 2, while loss of a proton
from the designated methyl group of 10 would yield 3. Obviously,
readdition of ROH, which was generated in the first step of the
process, to 10 would give 4.

In summary, we have demonstrated that the vinylcyclopropane
moiety is an excellent “trap” for the intramolecular capture of
an allyl cation and that an entropically unfavorable transition state
can be formed which leads to 10- and 11-membered rings.
Whether analogous reactions occur in nature is unknown.
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