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The last decade has seen the interest in helicenes and helical-
type molecules undergo a significant renaissance. Although
the [n]helicenes were long considered academic curiosities,[1]

their helically chiral, conjugated structures afford fascinating
optical[2] and electronic properties,[3] thus recently finding
application in the field of medicinal chemistry.[4] Conse-
quently, methods for the preparation of helicenes have
advanced in tandem.[5] The need for more highly substituted
and structurally varied helicenes has led to the development
of new methods as replacements of the classical synthesis by
the photocyclization of stilbenes.[6] These methods include
successive Diels–Alder reactions,[7] cyclotrimerizations of
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acetylenes,[8] carbenoid couplings,[9] Pd-mediated tech-
niques,[10] and radical cyclizations.[11] In general, each of the
above methods is used to form a benzene ring within the
helicene framework. Herein, we describe a preparation of
helicenes using olefin metathesis for the formation of a
benzene ring. It is quite surprising that despite the power of
ring-closing olefin metathesis to prepare a variety of cyclic
structures, so few examples have been documented for the
formation of benzenes, undoubtedly one of the most impor-
tant cycles in all of organic chemistry. Only three examples
have been reported, all in the last two years.[12,13,14] Notably,
King and co-workers clearly demonstrated by density func-
tional theory calculations that the
formation of an aromatic ring
through olefin metathesis should
act as a thermodynamic sink and an
exergonic reaction is predicted by
�28 kcalmol�1.[13] However, there
is no precedent that indicates
whether olefin metathesis will be
feasible to form the strained [5]hel-
icene structure, although the nor-
mally competing reverse ring-
opening reaction will not be possi-
ble. An added benefit of our strat-
egy is the use of 1,1’-binaphthyls as
precursors. The modification and
alteration of this skeleton has been
extensively studied with regards to
the preparation of chiral ligands.[15]

A short series of elementary trans-
formations would prepare the 1,1’-
binaphthyl framework for transfor-
mation into the helicene motif by a
ring-closing metathesis reaction.[16]

2,2’-Binaphthol was first con-
verted into its corresponding
divinyl precursor 1.[17] Following
extensive optimization,[18] two opti-
mal protocols for the conversion of
1 into [5]helicene were identified
[Eq. (1); Mes=mesityl, Cy= cy-
clohexyl]. The first utilizes catalyst
3 and resulted in a reproducible
yield of 88% of the isolated prod-
uct, [5]helicene, after 25 min in
CH2Cl2 at 100 8C under microwave
irradiation.[19] Although this proto-
col is extremely rapid, we sought to
decrease the reaction temperature.
Consequently, a second protocol
was developed using catalyst 4,
whereby yields of 78–93% of the
isolated [5]helicene could be
obtained at 40 8C in a sealed-tube
vessel.

Following these studies, the two protocols outlined above
were chosen for further examination (Table 1). Subsequently,
the 6,6’-di-p-tolyl derivative 5 (using binaphthyl numbering)

underwent smooth conversion into the corresponding heli-
cene 6 when subjected to the microwave heating protocol
(entry 1). A conversion of 100% was observed with 1H NMR

Table 1: Preparation of helicenes by olefin metathesis.[a]

Entry Precursor Helicene Cat. t Conversion
[%][b]

Yield [%][c]

1 5 6 3 25 min 100 (90)

R1=p-tol, R2=H, R1=p-tol, R2=H, 4 24 h 55 87 (52)

2 R1=H, R2=OMe, 7 R1=H, R2=OMe, 8 3 120 min 95 57
4 24 h 40 55 (25)

3 R1=H, R2=OBn, 9 R1=H, R2=OBn, 10 3 25 min 100 (61)
4 24 h 41 49 (22)

4 11 12 3 140 min 100 (80)

4 24 h 50 (45)

5 13 14 3 25 min 100 (75)

4 24 h 45 55 (31)

6 15 16 3 60 min 100 (80)

4 24 h 100 (70)

7 17 18 3 60 min 100 (81)

4 24 h 100 (80)

[a] The reaction conditions: for catalyst 2 : [Ru]=0.001 m in CH2Cl2, sealed tube, microwave heating in 5-
min pulses at 100 8C, 10 mol% catalyst; for catalyst 5 : sealed tube, [Ru]=0.001 m in PhH at 40 8C,
10 mol% catalyst. [b] Conversion measured by 1H NMR spectroscopic analysis. [c] Yields calculated
based on 1H NMR spectroscopic analysis; yields of the isolated products were determined by flash
column chromatography on silica gel and are indicated in brackets.
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spectroscopic analysis and a yield of 90% of the isolated
product 6 was obtained in just 25 min. Heating with catalyst 4
at 40 8C for 24 h provided a yield of 52% of the isolated
product (55% conversion; entry 1). These results for the two
metathesis protocols are quite general in that the microwave
protocol tends to give excellent conversions and yields,
whereas the protocol which employs 4 at 40 8C is gentler,
albeit giving generally lower yields. Substituents at the 7,7’-
positions of the binaphthyl skeleton also had little affect on
the outcome of the ring-closing event (entries 2 and 3). The
ring closure of dimethyl ether 7 was performed on the largest
scale possible (which was limited because of the volume of the
microwave vessel; scale: � 350 mg of 7; entry 2). The micro-
wave could reach a maximum temperature of 120 8C on this
scale. Following irradiation for 120 min, 7 underwent 95%
conversion, and 57% yield of the isolated helicene 8 was
obtained. Treatment of 7 with 4 at 40 8C in a sealed tube
resulted in a conversion of 40% and a similar yield of 22% for
the isolated product 8 (55% yield based on the recovered
starting material). The dibenzyl ether 9 also provided a
conversion of 100% after 25 min under microwave heating
conditions (entry 3). However, some benzyl deprotection was
observed and a yield of 61% was obtained for the isolated
product 10. The milder cyclization using 4 resulted in only
41% conversion, but cleavage of the benzyl group was not
observed and the yield of the isolated product 10 (22% vs
49% yield based on the recovered starting material) was
nearly identical to that observed for the methoxy derivative 8.
To improve the efficiency of the reaction, the microwave
protocol was repeated, but catalyst 3 was replaced with 4. As
expected 100% conversion was observed after 25 min;
however, some cleavage of the benzyl group was again
observed, although the yield of the isolated product was
slightly higher than the previous run with 3 (68 vs 61%).

Substituents at the 8,8’-positions were expected to be
problematic, as they result in increased ring strain in the
helicene products. Consequently, the first substrate inves-
tigated possessed the smallest substituent possible, an extra
hydrogen atom (entry 4). 5,5’-6,6’-7,7’-8,8’-Octahydro-1,1’-bi-
2-naphthol was transformed into 11 and subjected to micro-
wave irradiation with 3 ; although 100% conversion of 11 was
obtained, 140 minutes were required for complete conver-
sion. Surprisingly, 50% conversion (45% yield of the isolated
product) was obtained with catalyst 4, thus prompting a
second trial with 4 under microwave irradiation. Gratifyingly,
75% conversion was obtained after only 25 min, and the
saturated helicene 12 was isolated in 68% yield (86% yield
based on recovered 11).

Higher helicenes were also accessible using the above
protocols. The first attempt involved the conversion of 2-
phenanthrol into the corresponding divinyl precursor 13
through the same series of transformations used for 1
(entry 5).[15] The resulting helicene 14 was expected to form
readily under conditions optimized for [5]helicene. Indeed,
following microwave irradiation for 25 min in the presence 3,
100% conversion of 13 was observed and 75% yield of the
helicene product 14 was obtained. Strangely, heating 13 in a
sealed tube with 4 gave a conversion of 45% and a yield of
55% (based on the recovered starting material) for 14.

Subsequent experiments sought to further investigate the
effect of the substituents which would result in increased
strain in the helicene products. Consequently, the [6]helicene
precursor 15 underwent smooth conversion (100%) to the
corresponding [6]helicene 16 after 60 min under microwave
irradiation, which was isolated in 80% yield (entry 6).
Treatment with catalyst 4 at 40 8C in a sealed tube resulted
in 100% conversion and 70% yield of the isolated product.
Similar results were obtained for the preparation of [7]hel-
icene (entry 7). For example, substrate 17 required 60 min of
microwave irradiation with 2 to undergo complete conversion
into 18 (81% yield of isolated product). Milder conditions
with catalyst 4 also resulted in 100% conversion and 80%
yield of isolated [7]helicene.

In summary, we have developed a novel synthesis of
substituted [5]helicenes and [6]- and [7]helicenes through
ring-closing olefin metathesis. Conditions have been opti-
mized using two separate protocols: catalyst 3/CH2Cl2 under
microwave irradiation or catalyst 4/PhH at 40 8C, when a
sensitive functionality may be present. A highlight of this
method is the facile formation of various substituted [5]hel-
icenes and [6]- and [7]helicenes from the readily modifiable
1,1’-binaphthyls. For example, substituted [6]helicenes could
be formed from mixed oxidative couplings between 3-
phenanthrol and various 2-naphthols. This ease of function-
alization suggests that these methods should be of significant
interest in the fields of materials science and medicinal
chemistry. These studies reinforce that olefin metathesis
catalysts can be remarkably effective in generating strained
molecular architectures and emphasize that ring-closing
olefin metathesis can be a powerful route to the preparation
of aromatic compounds. In contrast to other methods for
helicene formation which utilize reactive radical or carbene
intermediates, these olefin-metathesis conditions are gentle
and the possibility of an asymmetric route to helicenes
through a kinetic-resolution route is currently being pursued.

Received: November 21, 2005
Published online: March 28, 2006

.Keywords: arenes · helical structures · helicenes ·
microwave irradiation · olefin metathesis

[1] a) C. Schmuck, Angew. Chem. 2003, 115, 2552 – 2556; Angew.
Chem. Int. Ed. 2003, 42, 2448 – 2452; b) H. Hopf, Classics in
Hydrocarbon Chemistry, Wiler-VCH, Weinheim, 2000, pp. 321 –
330; c) F. VDgtle, Fascinating Molecules in Organic Chemistry,
Wiley, New York, 1992, pp. 156 – 180; d) K. P. Meurer, F. VDgtle,
Top. Curr. Chem. 1985, 127, 1 – 76; e) R. H. Martin, Angew.
Chem. 1974, 86, 727 – 738; Angew. Chem. Int. Ed. Engl. 1974, 13,
649 – 658.

[2] T. J. Katz, Angew. Chem. 2000, 112, 1997 – 1999; Angew. Chem.
Int. Ed. 2000, 39, 1921 – 1923.

[3] S. Grimme, L. Harren, A. Sobanski, F. VDgtle,Eur. J. Org. Chem.
1998, 1491 – 1509.

[4] a) S. Honzawa, H. Okubo, S. Anzai, M. Yamaguchi, K. Tsumoto,
I. Kumagai, Bioorg. Med. Chem. 2002, 10, 3213; b) Y. Xu, X. Y.
Zhang, H. Sugiyama, T. Umano, H. Osuga, K. Tanaka, K . J. Am.
Chem. Soc. 2004, 126, 6566 – 6567.

Angewandte
Chemie

2925Angew. Chem. Int. Ed. 2006, 45, 2923 –2926 � 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://www.angewandte.org


[5] A. Urbano,Angew. Chem. 2003, 115, 4116 – 4119;Angew. Chem.
Int. Ed. 2003, 42, 3986 – 3989.

[6] a) W. H. Laarhoven, W. J. C. Prinsen, Top. Curr. Chem. 1984,
125, 63 – 130; b) L. Liu, B. Yang, T. J. Katz, M. K. Poindexter, J.
Org. Chem. 1991, 56, 3769 – 3775.

[7] a) M. C. Carreno, S. Garcia-Cerrada, A. Urbano, J. Am. Chem.
Soc. 2001, 123, 7929; b) M. C. Carreno, S. Garcia-Cerrada, A.
Urbano, Chem. Eur. J. 2003, 9, 4118 – 4131; c) M. C. Carreno, M.
Gonzalez-Lopez, A. Urbano, Chem. Commun. 2005, 611 – 613.

[8] a) I. G. Stara, I. Stary, A. Kollarovic, F. Teply, S. Vyskocil, D.
Saman, Tetrahedron Lett. 1999, 40, 1993; b) F. Teply, I. G. Stara,
I. Stary, A. Kollarovic, D. Saman, L. Rulisek, P. Fiedler, J. Am.
Chem. Soc. 2002, 124, 9175 – 9180; c) I. G. Stara, Z. Alexan-
drova, F. Teply, P. Sehnal, I. Stary, D. Saman, M. Budesinsky, J.
Cvacka, Org. Lett. 2005, 7, 2547 – 2550.

[9] a) F. Dubois, M. Gingras, Tetrahedron Lett. 1998, 39, 5039 – 5040;
b) M. Gingras, F. Dubois, Tetrahedron Lett. 1999, 40, 1309 – 1312.

[10] K. Nakano, Y. Hidehira, K. Takahashi, T. Hiyama, K. Nozaki,
Angew. Chem. 2005, 117, 7298 – 7300; Angew. Chem. Int. Ed.
2005, 44, 7136 – 7138.

[11] a) D. C. Harrowven, M. I. T. Nunn, D. R. Fenwick, Tetrahedron
Lett. 2002, 43, 7345 – 7347; b) D. C. Harrowven, M. I. T. Nunn,
D. R. Fenwick, Tetrahedron Lett. 2002, 43, 3189 – 3191.

[12] A. Iuliano, P. Piccioli, D. Fabbri, Org. Lett. 2004, 6, 3711 – 3714.
[13] M. C. Bonifacio, C. R. Robertson, J.-Y. Jung, B. T. King, J. Org.

Chem. 2005, 70, 8522 – 8526.
[14] S. C. Pelly, C. J. Parkinson, W. A. L. van Otterlo, C. B. de Kon-

ing, J. Org. Chem. 2005, 70, 10474 – 10481.
[15] Y. Chen, S. Yekta, A. K. Yudin, Chem. Rev. 2003, 103, 3155 –

3212.
[16] a) R. H. Grubbs,Tetrahedron 2004, 60, 7117 – 7140; b) C. W. Lee,

R. H. Grubbs, J. Org. Chem. 2001, 66, 7155 – 7158.
[17] Binaphthol ditriflate is carboxymethylated using an established

protocol; see: M. Seki, S.-I. Yamada, T. Kuroda, R. Imashiro, T.
Shimizu, Synthesis 2000, 1677 – 1680; subsequent reduction
(lithium aluminum hydride, Et2O), oxidation (pyridinium chlor-
ochromate, CH2Cl2), and the Wittig reaction (tBuOK, CH2=

PPh3, THF) yields the divinyl precursor.
[18] See the Supporting Information for the experimental procedures

and further details concerning catalyst optimization.
[19] Higher temperatures can be used, but did not affect the rate or

yield of [5]helicene significantly.

Communications

2926 www.angewandte.org � 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2006, 45, 2923 –2926

http://www.angewandte.org

