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Abstract—Both enantiomers of (P)-(+)-2- and (M)-(-)-2-acetoxy-11,14-dimethyl[S]helicenes 8 were synthesized by asymmetric
aromatic oxy-Cope rearrangement of the corresponding chiral bridged bicyclic compounds, which were obtained by enzymatic
resolution. The absolute configurations of 8 were assigned by their circular dichroism spectra. © 2003 Elsevier Science Ltd. All

rights reserved.

Helicenes contain twisted nonplanar n-electron systems,
the correlation between the helical structures and the
optical properties of which is of interest. Especially,
chiral helicenes exhibit large specific rotation and a
nonlinear optical property.! The application of these
compounds to various kinds of photonic devices has
therefore been expected.

The chiral helicenes are generally obtained by the opti-
cal resolution of their racemate using a resolving
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agent,”> chiral HPLC,> and a biocatalyst.* To our
knowledge, only several enantioselective approaches
have been reported so far.’

In the previous letter, we reported the synthesis of
2-acetoxy[5S]helicene and 2-acetoxy-11,14-dimethyl[5]-
helicene by sequential double aromatic oxy-Cope
rearrangement.® This strategy would be applicable
to the synthesis of various helical compounds. We
report herein a novel synthetic strategy for chiral
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Scheme 1. Aromatic oxy-Cope rearrangements of bicyclo[2.2.2]octane derivatives 3.
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helicenes based on an asymmetric aromatic oxy-Cope
rearrangement (Scheme 1).

The starting chiral bicyclo[2.2.2]ketone (1R,4S)-(-)-1
(>98% ee) was obtained from racemic 1 by the enzy-
matic resolution method, which has already been estab-
lished by us.” The reaction of (1R4S)-(-)-1 with
5,8-dimethylphenanthrenylmagnesium bromide gave
(1R,2S,4S5)-3 as a major product in 60% yield. Aro-
matic oxy-Cope rearrangement of (1R,25,4S5)-3 using 3
equiv. of potassium bis(trimethylsilyl)Jamide [KHMDS]
and 1.5 equiv. of 18-crown-6 in THF at 0°C afforded a
fused-ring compound (4aS,14dR)-4 in 47% yield.

Reduction of the ketone 4 with NaBH, gave the corre-
sponding alcohol (4aS,14dR)-5, which on hydrolysis
and dehydration was converted into (4aS,14dR)-6.
Enolacetylation of the resulting ketone 6, followed by
dehydrogenation with DDQ afforded 2-acetoxy-11,14-
dimethyl[5]helicene (P)-(+)-8 in 24% overall yield® from
compound 4. The enantiomeric excess of (P)-(+)-8 was
determined to be >98% ee by HPLC analysis using a
chiral column.’

Thus, the chirality of 3 was completely transferred into
the helical chirality of 8 during the above transforma-
tion. According to the same procedure, its enantiomer,
(M)-(-)-8, was also synthesized from (1S,4R)-(+)-1
(Scheme 2). At the first synthesis for (M)-(+)-8, a small
decline of enantiomer excess of (M)-(+)-8 was observed
((+)-6 (93% ee) gave (+)-8 (80% ee)). When (+)-6, (+)-7,
and (+)-8 were refluxed in benzene for several hours, no
decline of ee was observed (Table 1).!° Thus, the racem-
ization occurred during the reactions. When oxidation
by DDQ from (+)-7 to (+)-8 was conducted in benzene

g2,

at rt instead of under reflux conditions, the racemiza-
tion was successfully suppressed.

In contrast to the thermal instability of (M)-(—)-penta-
helicene,!! (M)-(-)-8 was sufficiently stable to thermal
racemization under heating in octane at 120°C for 24 h.
The specific rotations of (P)-(+)-8 (>98% ee) and (M)-
(-)-8 (83% ee) were found to be [«]5 +1243 (¢ 0.0149,
CHCI;) and [«]3 —1005 (¢ 0.0157, CHCL,), respectively.
Their absolute configurations were then determined by
CD spectra. The CD spectrum of (P)-(+)-8 recorded a
distinct positive maximum at 319 nm and a negative
maximum at 270 nm, as depicted in Figure 1. The CD
spectral characteristic is in good agreement with those
of known (P)-helicenes,!? so the absolute configuration
of (-)- and (+)-helicenes 8 must be M (left-handed
helix) and P (right-handed helix), respectively.

X-Ray analysis of the [S]helicene 8 was performed on a
single crystal, obtained from racemic 8. As shown in
Figure 2, the ORTEP drawing of 8 reveals that the
dihedral angles (C1-C22-C21-C20), (C22-C21-
C20-C19), and (C21-C20-C19-C18) are 31.2°, 29.6°,
and 9.7°, respectively. The deformation of the dihedral
angles of the interior side in 8 is mainly attributed
to steric repulsion between the methyl group (C23)

Table 1. Thermal stability of chiral intermediates

Entry  Subs. (% ee) Conditions % ee
1 (+)-6 (93) Benzene, reflux, 4 h 93
2 (+)-7 (>98) Benzene, reflux, 14 h >98
3 (+)-8 (80) Benzene, reflux, 8 h 80
4 (+)-8 (80) Octane, 120°C, 24 h 80
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(IR4S)-(-)-1 (>98 % ee) (IR,25,45)3 60 % (4a8,14dRy4 47 % (4aS,14dR)-5
(1S,4R)(+)-1 (83 % ec) (1S,2R4AR)}3 60 % (4aR,14dS)4 35 % (4aR,14dS)-5
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(4aS,14dR)-6 (4aS,14dR)-7 (P)-(+)-8 (>98% ce) 24 % from
(4a5,14dR)-4

(4aR,14dS)-6 (4aR,14dS)-7 (M)<-)2 (83% ee) 34 % from
(4aR,14dS)4

Scheme 2. Synthesis of 2-acetoxy-11,14-dimethyl[5]helicenes (P)-(+)-8 and (M)-(—)-8. Reagents and conditions: (a) 2, THF,
0°C-reflux; (b) KHMDS, 18-crown-6, THF, 0°C; (c) NaBH,, EtOH, rt; (d) p-TsOH, benzene, rt; (¢) LHMDS, Ac,O, THF,

-78°C; (f) DDQ, benzene, rt.
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Figure 1. CD spectra of (P)-(+)-8 and (M)-(-)-8 in CHCl;.

pentahelicene

8
(C1-C22-C21-C20) 31.2°
(C22-C21-C20-C19) 29.6°
(C21-C20-C19-C18) 9.7°

(C14-C14a-C14b-C14c)
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(C14a-C14b-C14c-C14d)

Figure 3. Dihedral angles of 8 and pentahelicene.

and the benzene ring (C14-C15-C16-C17-C18-C19),
in comparison with those of pentahelicene (see Fig. 3)
(C14b—C14c—C14d-C1: 36.5°; Cl4a—C14b—Cl4c—Cl14d:
8.1°, C14-Cl4a-C14b-Cl4c: 33.5°).13

In summary, we have developed a practical method for
the synthesis of chiral [S]helicenes using the aromatic
oxy-Cope rearrangement strategy. The carbonyl groups
of the intermediates 4 and 6 can be easily converted to
other functional groups, so that these compounds are
useful for further synthetic studies of chiral helical
compounds possessing a variety of functionalities.

Acknowledgements

We thank Rigaku Co. Ltd for X-ray measurement. This
work was supported in part by a Grant-in-Aid for
Scientific Research from the Ministry of Education,
Science, Sports, and Culture, of the Japanese Govern-
ment (12490004).

References

1. (a) Fox, J. M.; Katz, T. J.; Van Elshocht, S.; Verbiest, T.;
Kauranen, M.; Persoons, A.; Thongpanchang, T.;
Krauss, T.; Brus, L. J. Am. Chem. Soc. 1999, 121,
3453-3459; (b) Van Elshocht, S.; Verbiest, T.; Busson, B.;
Kauranen, M.; Snauwaert, J.; Hellemans, L.; Persoons,
A.; Nuckolls, C.; Phillips, K. E.; Katz, T. J. Synth. Met.
2000, 115, 201-205; (c) Van Elshocht, S.; Verbiest, T.; de
Schaetzen, G.; Hellemans, L.; Phillips, K. E. S.; Nuckolls,
C.; Katz, T. J.; Persoons, A. Chem. Phys. Lett. 2000, 323,
340-344.



2170

Y. Ogawa et al. / Tetrahedron Letters 44 (2003) 2167-2170

Newman, M. S.; Lednicer, D. J. Am. Chem. Soc. 1956,
78, 4765-4770.

Reetz, M. T.; Beuttenmiiller, E. W.; Goddard, R. Tetra-
hedron Lett. 1997, 38, 3211-3214.

(a) Liu, L.; Katz, T. J. Tetrahedron Lett. 1990, 31,
3983-3986; (b) Tanaka, K.; Shogase, Y.; Osuga, H.;
Suzuki, H.; Nakamura, K. Tetrahedron Lett. 1995, 36,
1675-1678; (c) Tanaka, K.; Osuga, H.; Suzuki, H.;
Shogase, Y.; Kitahara, Y. J. Chem. Soc., Perkin Trans. 1
1998, 935-940.

(a) Sudhakar, A.; Katz, T. J. J. Am. Chem. Soc. 1986,
108, 179-181; (b) Sudhakar, A.; Katz, T. J.; Yang, B.-W.
J. Am. Chem. Soc. 1986, 108, 2790-2791; (c) Tanaka, K.;
Suzuki, H.; Osuga, H. J. Org. Chem. 1997, 62, 4465-
4470; (d) Carreiio, M. C.; Hernandez-Sanchez, R.;
Mahugo, J.; Urbano, A. J. Org. Chem. 1999, 64, 1387-
1390.

Ogawa, Y.; Ueno, T.; Karikomi, M.; Seki, K.; Haga, K.;
Uyehara, T. Tetrahedron Lett. 2002, 43, 7827-7829.
Uyehara, T.; Ishikawa, M.; likura, F.; Yoneta, N.; Ueno,
M.; Sato, T. Bull. Chem. Soc. Jpn. 1997, 70, 477-482.
(P)-(+)-2-Acetoxy-11,14-dimethyl[S]helicene  (8) (>98%
ee): mp=138-140°C; IR (KBr) 1758, 1216, 1166 and 845
em™'; [a]f +1243 (CHCLy); CD (CHCls) Apaxnm) (A€) 408
(=1), 357 (sh, 13), 339 (sh, 37), 319 (88), 306 (sh, 46), 270
(=30); UV-vis (CHCl3) Apaxem (loge) 354 (4.0), 314
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11.

12.

13.

(4.5), 288 (4.4), 275(4.5); '"H NMR (300 MHz, CDCl,)
0=8.07 (1H, d, J=8.7 Hz), 7.90 (1H, d, J=9.0 Hz),
7.88-7.85 (4H, m), 7.79 (1H, d, J=8.7 Hz), 7.50 (1H, d,
J=2.4Hz), 737 (1H, d, J=7.2 Hz), 7.18 (1H, dd, /=2.4
and 8.7 Hz), 7.10 (1H, d, J=6.9 Hz), 2.81 (3H, s), 2.15
(3H, s), 1.58 (3H, s); '*C NMR (75 MHz, CDCl,) 6=
169.78, 148.10, 133.60, 132.63, 132.38, 131.97, 131.04,
130.96, 130.48, 129.55, 129.06, 128.51, 128.17, 127.44,
126.91, 126.59, 126.54, 126.12, 125.14, 123.74, 120.74,
117.29, 23.01, 20.97, 19.84; EI-MS (70 eV) m/z (%) 364
(M+, 100), 321 ([M-C,H;0]*, 29), 307 (M-C,H,0,]",
92):  (M)-(-)-2-Acetoxy-11,12-dimethyl[S]helicene  (8)
(83% ee): [a]f —1005 (CHCLy); CD (CHCL3) Apaxnm) (A€)
411 (3), 359 (sh, —6), 341 (sh, =25), 319 (-63), 306 (sh,
-31), 271 (22).

Analytical conditions are as follows. (Daicel chiralcel
0C), n-C4H,,/2-propanol=99/1, monitored at 254 nm,
flow rate 1.0 ml/min, and Rs=1.14.

Determination of % ee of (+)-7 was performed on (+)-6
which was obtained by hydrolysis of (+)-7.
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