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Letters
Synthesis and chiroptical properties of two new planar-chiral
macrocyclesq
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Abstract—Could simple intraannular-arm macrocyclic systems exist in enantiopure stable forms? The effective synthesis of two
representative compounds of such a class, their resolution into enantiomers, and experiments justifying their stability toward
racemization are presented.
� 2004 Elsevier Ltd. All rights reserved.
Structural studies of molecules possessing an element of
planar chirality started in the 1940s with the synthesis
and resolution of 1,12-dioxa[12]paracyclophane (the
first chiral �ansa� compound).1 Up to now, there have
been many examples of planar-chiral compounds
including cyclophanes,2 metallocenes,3 bridged annu-
lenes,4 trans-cycloalkenes,5 and miscellaneous struc-
tures.6 Interest in the synthesis of planar-chiral
compounds is rapidly growing since they are used as
ligands for transition metal complexes. Ligands of this
type are usually based on ferrocene or [2,2]paracyclo-
phane backbones. Complexes consisting of such planar-
chiral ligands and transition metals such as rhodium,7

iridium,8 and palladium9 have been developed as cata-
lysts for various asymmetric reactions.10

In this communication we present the synthesis and
structure elucidation of compounds 8 and 9, the planar
chirality of which originates from a suitably substituted
macrocyclic amide. Designed planar-chiral systems of
this type are similar to metacyclophanes,11 however,
macrocyclic amides could interact with cations via
ethereal oxygen atoms or with anions through amide
groups.12
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A structure under consideration should consist of a
macro-ring containing an intraannular group. There are
two indispensable requirements for such systems to exist
in chiral form. The first is related to preventing an
intraannular group from threading through the macro-
ring plane; thus a relatively small macro-ring and an
appropriately large intraannular substituent are needed.
The second condition requires prochiral differentiation
of the macrocyclic unit.

For the preparation of compounds 8 and 9, as well as
their analogs, we planned to apply the double-amidation
reaction, developed recently in our laboratory.13 In this
reaction, dimethyl, a,x-dicarboxylates react with pri-
mary, a,x-diamines in the presence of MeO� under
ambient conditions (methanol as solvent, room tem-
perature, several hours, and a reagent concentration of
0.1mol dm�3) to afford macrocyclic diamides in good to
excellent yields. Thus, the initial stage of the synthesis is
the preparation of appropriate dimethyl dicarboxylates
and a,x-diamines (Scheme 1 and Supplementary mate-
rial). Starting from 2-nitroresorcinol 1, after catalytic
reduction of the nitro group and acylation of the
resulting amino group, we obtained compound 2,14 that
in turn was elongated with methyl bromoacetate to give
the corresponding dimethyl dicarboxylate 3. Compound
3 was then examined in a model reaction with unsub-
stituted diaminoether 4,15 to afford macrocyclic com-
pound 7 in 23% isolated yield. Examination of the
molecular model of 7 shows that the macrocyclic ring
and intraannular group are located on different faces of
the aromatic plane, because the cavity of the macro-ring
is not large enough to accommodate the intraannular
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Scheme 1. Reagents and conditions: (i) H2, Pd/C, MeOH; (ii) benzoyl

chloride, MeOH, 65%; (iii) methyl bromoacetate, K2CO3, 2-butanone,

90%; (iv) Na, MeOH, rt: 23% 7, 19% 8, 10% 9.
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Figure 2. CD spectra of the enantiomers 8 and 9 in acetonitrile.
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group. A very important feature of this type of chirality
is that the energy barrier of rotation must be high en-
ough to permit resolution into enantiomers. To justify
our assumption we carried out a temperature-dependent
1H NMR experiment, which showed AB-type splitting
for the isolated methylene group (Fig. 1).
Figure 1. The temperature-dependent 1H NMR spectrum of isolated

CHaHb protons of compound 7 in DMSO-d6.
Even at 373K, the benzamide group cannot pass
through the macro-ring plane. In order to introduce an
element of planar chirality, we carried out an analogous
reaction of dimethyl dicarboxylate 3 with substituted
diaminoethers 5 and 6, which led to the desired com-
pounds 8 and 9, respectively, in satisfactory yields
(Scheme 1).

Racemic compounds 8 and 9 were successfully resolved
into enantiomers employing analytical chiral HPLC
(Chiralcel OD-H�). The separation factors a were found
to be 1.25 and 1.38, respectively, and were high enough
to allow a semi-preparative resolution. The pure
enantiomers of compounds 8 and 9 obtained were sub-
jected to CD experiments (Fig. 2).

It is noteworthy that acetonitrile solutions of ())8, (+)8
and ())9, (+)9 retained their enantiopurity for at least
two months at room temperature and even extended
boiling of solutions in acetonitrile did not lead to any
racemization.

In summary, we have shown that N-benzoyl substituted
macrocyclic diamides can be readily synthesized and
resolved into enantiomers, which are stable toward
racemization. Such compounds, showing planar chiral-
ity could serve as chiral ligands for inclusion complexes
with neutral as well as cationic and anionic guests.
Acknowledgements

Financial support from the State Committee for Scien-
tific Research (Project T09A 087 21) is gratefully
acknowledged.
References and notes

1. (a) L€uttringhaus, A.; Gralheer, H. Justus Liebigs Ann.
Chem. 1942, 550, 67–98; (b) L€uttringhaus, A.; Gralheer,
H. Justus Liebigs Ann. Chem. 1947, 557, 108–112; (c)
L€uttringhaus, A.; Gralheer, H. Justus Liebigs Ann. Chem.
1947, 557, 112–120.

2. For selected reviews, see: (a) V€ogtle, F.; Neumann, P. Top.
Curr. Chem. 1974, 48, 67–129; (b) V€ogtle, F.; Hohner, G.



P. Piaztek et al. / Tetrahedron Letters 45 (2004) 3309–3311 3311
Top. Curr. Chem. 1978, 74, 1–29; (c) Boekelheide, V. Acc.
Chem. Res. 1980, 13, 65–70; (d) Collet, A.; Dutasta, J.-P.;
Lozach, B.; Canceill, J. Top. Curr. Chem. 1993, 165, 103–
129.

3. For reviews, see: (a) Schl€ogl, K. Top. Stereochem. 1967, 1,
39–91; (b) Schl€ogl, K. Pure Appl. Chem. 1970, 23, 413–432;
(c) Mathey, F.; Mitschler, A.; Weiss, R. J. Am. Chem. Soc.
1977, 99, 3537–3538.

4. (a) Kuffner, U.; Schl€ogl, K. Monatsh. Chem. 1972, 103,
1320–1336; (b) Gardlick, J. M.; Johnson, L. K.; Paquette,
L. A.; Solheim, B. A.; Springer, J. P.; Clardy, J. J. Am.
Chem. Soc. 1979, 101, 1615–1617; (c) Vogel, E.; T€uckman-
tel, W.; Schl€ogl, K.; Widhalm, M.; Kraka, E.; Cremer, D.
Tetrahedron Lett. 1984, 25, 4925–4928.

5. (a) Cope, A. C.; Ganellin, C. R.; Johnson, H. W. J. Am.
Chem. Soc. 1962, 84, 3191–3192; (b) Cope, A. C.;
Banholzer, K.; Keller, H.; Pawson, B. A.; Whang, J. J.;
Winkler, H. J. S. J. Am. Chem. Soc. 1965, 87, 3644–3649;
(c) Cope, A. C.; Pawson, B. A. J. Am. Chem. Soc. 1965,
87, 3649–3651; (d) Binsch, G.; Roberts, J. D. J. Am. Chem.
Soc. 1965, 87, 5157–5162; (e) Manor, P. C.; Shoemaker,
D. P.; Parkes, A. S. J. Am. Chem. Soc. 1970, 92, 5260–
5263; (f) Marshall, J. A.; Konicek, T. R.; Flynn, K. E.
J. Am. Chem. Soc. 1980, 102, 3287–3288; (g) Sudau, A.;
M€unch, W.; Bats, J. W.; Nubbemeyer, U. Chem. Eur.
J. 2001, 7, 611–621.

6. (a) Bourgeois, J.-P.; Seiler, P.; Fibbioli, M.; Pretsch, E.;
Diederich, F. Helv. Chim. Acta 1999, 82, 1572–1595; (b)
Ashton, P. R.; Bravo, J. A.; Raymo, F. M.; Stoddart, J.
F.; White, A. J. P.; Williams, D. J. Eur. J. Org. Chem.
1999, 8, 899–908; (c) Ballardini, R.; Balzani, V.; Becher, J.;
Di Fabio, A.; Gandolfi, M. T.; Mattersteig, G.; Nielsen,
M. B.; Raymo, F. M.; Rowan, S. J.; Stoddart, J. F.;
White, A. J. P.; Williams, D. J. J. Org. Chem. 2000, 65,
4120–4126.

7. (a) Qiao, S.; Fu, G. C. J. Org. Chem. 1998, 63, 4168–4169;
(b) Kuwano, R.; Uemura, T.; Saitoh, M.; Ito, Y. Tetra-
hedron Lett. 1999, 40, 1327–1330; (c) Argouarch, G.;
Samuel, O.; Riant, O.; Daran, J.-C.; Kagan, H. B. Eur.
J. Org. Chem. 2000, 2885–2891; (d) Argouarch, G.;
Samuel, O.; Riant, O.; Daran, J.-C.; Kagan, H. B. Eur.
J. Org. Chem. 2000, 2893–2899.

8. (a) Togni, A.; Breutel, C.; Schnyder, A.; Spindler, F.;
Landert, H.; Tijani, A. J. Am. Chem. Soc. 1994, 116, 4062–
4066; (b) Togni, A. Angew. Chem., Int. Ed. 1996, 35, 1475–
1477.

9. (a) Zhang, W.; Shimanuki, T.; Kida, T.; Nakatsuji, Y.;
Ikeda, I. J. Org. Chem. 1999, 64, 6247–6251; (b) Deng,
W.-P.; Hou, X.-L.; Dai, L.-X.; Yu, Y.-H.; Xia, W. Chem.
Commun. 2000, 285–286; (c) Hou, X.-L.; Wu, X.-W.; Dai,
L.-X.; Cao, B.-X.; Sun, J. Chem. Commun. 2000, 1195–
1196; (d) Shintani, R.; Lo, M. M.-X.; Fu, Y.-H. Org. Lett.
2000, 2, 3695–3697; (e) Ogasawara, M.; Yoshida, K.;
Hayashi, T. Organometallics 2001, 20, 3913–3917; (f)
Deng, W.-P.; You, S.-L.; Hou, X.-L.; Dai, L.-X.; Yu,
Y.-H.; Xia, W.; Sun, J. J. Am. Chem. Soc. 2001, 123,
6508–6519.

10. Gibson, S.; Knight, J. D. Org. Biomol. Chem. 2003, 1,
1256–1269.

11. (a) V€ogtle, F.; Meurer, K.; Mannschreck, A.; St€uhler, G.;
Puff, H.; Roloff, A.; Sievers, R. Chem. Ber. 1983, 116,
2630–2640; (b) Kang, G. J.; Chan, T. H. J. Org. Chem.
1985, 50, 452–457; (c) Meurer, K.; Luppertz, F.; V€ogtle, F.
Chem. Ber. 1985, 118, 4433–4438; (d) Grimme, S.; Pischel,
I.; V€ogtle, F.; Nieger, M. J. Am. Chem. Soc. 1995, 117,
157–162; (e) Grimme, S.; Harren, J.; Soba�nski, A.;
V€ogtle, F. Eur. J. Org. Chem. 1998, 1491–1509.

12. (a) Schmidtchen, F. P.; Berger, M. Chem. Rev. 1997, 97,
1609–1646; (b) Kubik, S.; Goddard, R. J. Org. Chem.
1999, 64, 9475–9486; (c) Piaztek, P.; Jurczak, J. Chem.
Commun. 2002, 6, 2450–2451; (d) Bondy, Ch. R.; Loeb,
S. J. Coord. Chem. Rev. 2003, 240, 77–99; (e) Choi, K.;
Hamilton, A. D. Coord. Chem. Rev. 2003, 240, 101–110.

13. (a) Gryko, D. T.; Gryko, D.; Jurczak, J. Synlett 1999, 4,
1310–1313; (b) Piaztek, P.; Gruza, M. M.; Jurczak, J.
Tetrahedron: Asymmetry 2001, 12, 1763–1769.

14. Stetter, H.; Hoehe, K. Chem. Ber. 1958, 91, 1123–1128.
15. Hodgkinson, L. C.; Johnson, M. R.; Leigh, S. J.; Spencer,

N.; Sutherland, I. O.; Newton, R. F. J. Chem. Soc., Perkin
Trans. 1 1979, 2193–2202.


	Synthesis and chiroptical properties of two new planar-chiral macrocycles
	Acknowledgements
	References


