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1,11-Dioxa[11]paracyclophane (2,12-dioxabicyclo[11,2,2}heptadeca-13,15,16-triene)
derivatives were thermally equilibrated in cholesteric mesophases. The enantiomeric and
diastereomeric equilibria were biased to the extents of 0.4 and 3.6% (e.e.), respectively,
independently of the macrostructural handedness of the mesophases.
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There is a great deal of current interest in the utilization of liquid crystals as anisotropic
reaction media for controlling the rate and the stereochemical courses of unimolecularl*-? and
bimolecular reactions.? This is partly because of their similarities to some biological media.®

Recent papers!®~%/) dealing with thermal and photochemical conversions conducted in
cholesteric mesophases have led to controversy regarding the possibility of appreciable asym-
metric induction, since a lack of reproducibility or extremely small extent of induction has
become apparent on reevaluation of the reported reactions.’:® It is still of considerable
interest to demonstrate clearly the effectiveness of cholesteric liquid crystals in controlling
the stereochemistry. Thus, we have explored, in anisotropic chiral media, the enantiomeric
and diastereomeric thermal equilibration of 1,11-dioxa[l1]paracyclophane systems (1)4 with
large steric requirement, which may be sensitive to a liquid crystalline environment.?
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Such paracyclophanes have appreciable barries to inversion of the methylene bridge and
racemize noticeably only at temperatures above 80°C (R=CH,: T/, 7.4h at 96°C%; 18 min at
150°C). Thus, low concentrations (5 mol%,) of the paracyclophane derivatives were heated
at 150°C in media consisting of cholesteric esters such as benzoate (Ch-B), cinnamate (Ch-C),
2,4-dichlorobenzoate (Ch-DCl) and p-methoxybenzoate (Ch-PMB), maintaining cholesteric
mesophases during the reaction. The equilibrated solutes were recovered nearly quantitatively
from the reaction mixture by extraction with acetone® and transformed into the methyl ester
1 (R=CH,) by treatment with KOH-crown ether and diazomethane for a decisive determin-
ation of optical purity. This procedure could preclude contamination with any optically
active impurity possibly derived from the cholesteryl moiety. :

First we explored the diastereomeric equilibration of cholesteryl paracyclophanecarboxyl-

" ate, which might be capable of structurally mimicking the mesophases. No significant asym-
metric transformation was observed in the control experiments in which the solute was heated
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TasLe I. Thermal Equilibration of 1, 11-Dioxa[11]paracyclophane-13-carboxylic
Acid Derivatives (1) in Cholesteric Liquid Crystals®

. Tem Time Methyl ester (1)(R=CHj;
No. R Medium (oc)p (h) Phase [a]p® Y (% e. e(:. ))c() Conf_zl)
1 Cholesteryl Ch-B 150 24 Anisotropic +3.9° (3.6) S
2 Cholesteryl Cumene/Ch-B® 150 24 Isotropic +0.1 (=) —
3 Cholesteryl Ch-B 160 24 Anisotropic +3.2 (3.0) S
4 Cholesteryl Ch-B 175 5 Isotropic —0.1 (=) —
5 Cholesteryl Ch-C 160 24 Anisotropic +1.1 (1.0) S
6 Cholesteryl Ch-DCl 150 5 Anisotropic —2.3 (2.2) R
7 Cholesteryt Ch-PMB 175 24 Anisotropic —-0.8 0.7) R
8 H Ch-B 150 24 Anisotropic 4+0.3 (0.3) S
9 H Cumene/Ch-B® 150 24 Isotropic —0.1 (=) —
10 Methyl Ch-B 150 5 Anisotropic +0.1 (=) —
11 Bicyclohexyl”? Ch-B 150 24 Anisotropic +0.4 (0.4) S
12 Bicyclohexyl”? Ch-B 178 24 Isotropic +0.2 (0.2) S
13 Isobutyl Ch-B 150 24 Anisotropic +0.4 (0.4) S
14 Myristyl Ch-B 150 24 Anisotropic +0.3 0.3) S

a) The equilibrations were performed under the same conditions as described for the example and optical purity was determined
as the methyl ester (see text). &) Determined in m-xylene (c=4—10) and with an experimental error of +0.1°. ¢) Calculated
from [a]p—109.5° (m-xylene) for pure methyl ester. d) Based on the CD spectrum. ¢) In aratio of 1: 1 (wt). f) frans- 4-
Bicyclohexyl ester was used.

» in isotropic liquid phases (Table I, run 2 and 4)
[6]x10 and therefore this case may serve as a diagnostic
18  system for the elucidation of solvent effect.
6 Thermal treatment in cholesteric Ch-B and Ch-C
resulted in a reproducible and appreciable en-
14 - richment in the (S)-methyl ester (3.6% e.c.),
2
0

[6]x1073

while the use of Ch-DCl and Ch-PMB as aniso-
tropic media biased the equilibrium to nearly
the same extent in the opposite direction.
Chirality of the methyl ester was substantiated
N by the circular dichroism (CD) spectra, virtually

-1k parallel to that of an optically pure authentic
i I specimen® (Fig. 1), for which configurational
-2} assignment had been based on a comparison with

- ' [8]paracyclophane-10-carboxylic acid.”
L v These findings not only provide an example
. 250 300 35 . .
. 0 nm where stereochemical control could be attained
Fig. 1. The CD Spectra of Methyl 1,11- by liquid crystals, but also show an independence
Dioxa[11]paracyclophane-1 3-carboxylate

1 (R—=CH,) in Methanol of the mgcrostructural handedness of the meso-
I run 1, 1T run 6, 111 optically pure compound phases, since all of the cho.lesteryl esters 1.15ed
resolved. here are known to form a right-handed helix.®

Stereochemical transformation would be governed
by the local ordering of chiral mesophases, which enhances the solute-solvent interaction,
as suggested previously,'” although mechanistic factors governing the selectivity remain to be
established.

We turned then to enantiomeric equilibration of the paracyclophanes in cholesteryl
benzoate. Asindicated in Table I, small but reproducible asymmetric induction was observed
in most of the cases examined under anisotropic conditions. The induction is of the same
order of magnitude as the extent of photo-asymmetric synthesis of hexahelicene,’? which
is one of very few examples clearly established by isolating the pure product. Control experi-
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ments (run 9 and 12) conducted in isotropic liquid phases gave much less or no asymmetric
" induction.
The present study serves as a good example of the 1mportance of ordered media in stereo-
chemical control.

Experimental®

Substituted Benzoates of Cholesterol These liquid crystal solvents were prepared by acylation of
purified cholesterol with the corresponding acid chlorides in pyridine and showed the following transition -
temperatures. Ch-B:19:19 147:2176°C; Ch-C:'9.1612210°C; Ch-DCl:1¢) 13022213°C; Ch-PMB:11» 178
260°C." ‘ . ' '

1,11-Dioxa[11]paracyclophane-13-carboxylic Acid (1) (R=H) (2,12-Dijoxa[11,2,2]héptadecane-13,15,16-
triene-14-carboxylic Acid)——This acid was prepared from hydroquinone in 349, yield by slight modifications
of the reported procedure,® mp 60263°C (from aqueous EtOH) [lit.,% 63°C], IR(KB1) 1690 cm~!, NMR
(CDClL,) é: 0.6—1.2 (10H), 1.4—2.0 (4H), 4.1—4.6 (4H), 7.2(2H), 7.6 (1H). Anal. Calcd for C;sH,,0,: C,
69.04; H, 7.97. Found: C, 69.08; H, 8.05. ’ :

The following esters were prepared in a conventional manner.

Cholesteryl Ester (1: R==cholesteryl): Colorless crystals from MeOH as a diastereomeric mixture,
mp 8222102°C, IR(KBr) 1700 cm~! NMR (CDCl,) 8: 0.7—1.2 (57H), 4.1—4.3 (4H, t, J=6.0 Hz), 4.6—5.2
(1H), 5.3—5.6 (1H), 7.1 (2H), 7.4 (1H). Awnal. Calcd for C,;HeO,: C, 79.83; H, 10.28. Found: C, 80.12;
H, 10.38. Repeated attempts to separate the diastereoisomers by careful chromatography on silica gel or
by high performance liquid chromatography (HPLC) using conventional prepacked coloumns were unsuc-
cessful. Thus, purification of the cholesteryl esters by column chromatography on silica gel (CH,Cl,), followed
by hydrolysis gave racemic acid (1) only.

Methyl Ester (1: R=Me): An oil, bp 150°C/0 5 mmHg, IR(Nujol) 1700 cm—!, NMR (CDCl,) §: 0.5—1.9
(14H), 3.9 (3H), 4.2 (4H, t, J=6. OHz) 2 (2H), 7.4 (1H). MS Caled for Cy;HypyO,: mfz 292.1672 (MH).
Found: m/[z 292.1658 (M+). ‘ ‘

Isobutyl Ester (1: R——l-Bu): " A viscous oil, IR (liquid) 1700 cm-, NMR (CDCl,) é: 0.9—1.6 (21H),
4.0—4.3 (6H), 7.1 (2H), 7.4 (1H). , ‘

; Myristyl Ester (1, R=CHy(CH,);3-): A viscous oil, IR(liquid) 1700 cm—?, NMR (CDCl,) 6: 0.7—1.6
(41H), 4.1—4.5 (6H), 7.1 (2H), 7.4 (1H). MS Calcd for C4H;00,: m/z 474.3706 (M*). Found: m/z 474.3677
(M), .

trans 4-Bicyclohexyl Ester (1, R=bicyclohexyl): An oil, IR (liquid) 1700 cm-1, NMR (CDCl,) é: 0.9—1.6

(34H), 4.1 (4H, t, /=6.0 Hz), 4.6—5.2 (1H), 7.1 (2H), 7.4 (1H). MS Calcd for C;H,,0,: m/z 442, 3080 (M),

Found: m|z 442.3033 (M+).

Thermal Equilibration of 1,11-Dioxa[11]paracyclophane Derivatives (1) Low concentrations (5 mol%,)
of the paracyclophane derivatives in cholesteryl benzoates as liquid crystal solvents were heated at definite
temperatures under argon gas for 5—24 h. After being rapidly cooled, the solutes were extracted with
acetone, and removal of the solvent at ambient temperature gave the paracyclophanes nearly quantitatively.
In some cases, the substrates were further purified by short column chromatography on silica gel, which
caused no separation of the diastereomers as proved in control experiments. The solute thus recovered was
treated with KOH-18-crown-6-ether in toluene at room temperature overnight to give the acid (1) (R=H).
Esterification. with diazomethane followed by purification by preparative thin-layer chromatography
provided a sample for determination of optical activity. The results are summarized in Table I. The
CD spectra of most of the samples were taken in MeOH (Fig. 1).
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