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ABSTRACT

A series of novel 1,3-oxazines were prepared to construct a helical framework. The 1,3-oxazine attached to the phenanthrene unit showed a small
bite angle θ (∼12�), while the units attached to [4]helicene showed a larger θ (∼35�) and exhibited helical isomers at ambient conditions. The
diastereomers of the third type of helicene-like bis-oxazine attached to binaphthyl were easily separable and showed good thermal stability.
All four diastereomers of bis-helicene were synthesized, and their absolute configuration was established.

A search for new chiral molecules with different shape,
size, and functional group is an extremely crucial aspect of
modern organic chemistry. This is particularly vital in the
fields of molecular recognition, supramolecular and me-
dicinal chemistry, asymmetric synthesis and enantioselec-
tive catalysis, material chemistry, etc. Among this class of

compounds, helically chiral molecules find a unique place
because of their special chiroptical properties. Since the
pioneeringwork on helicene byNewman in 1956,1 the area
has presented a number of other helical molecules with a
wide range of applications.2�5

Primarily the helically shaped molecules are of two
types: carbohelicenes and helicenes with heteroatoms
or heterohelicenes.6,7 The heterohelicenes possessing a
1,3-oxazine unit in the framework are not reported in the

§Dedicated to Professor B.V. Kamath on his 62nd birthday.
†M.S. University of Baroda.
‡ Sun Pharma Advance Research Centre.
(1) Newman, M. S.; Lednicer, D. J. Am. Chem. Soc. 1956, 78, 4765.
(2) Reviews on structure, activity, applications of helical molecules:

(a)Meurer, K. P.; V€ogtle, F.Top. Curr. Chem. 1985, 127, 1. (b) Grimme,
S.; Harren, J.; Sobanski, A.; V€ogtle, F.Eur. J. Org. Chem. 1998, 1491. (c)
Rajca, A.; Miyasaki,M. In Functional OrganicMaterials; Muller, T. J. J.,
Bunz, U. H. F., Eds.; Wiley-VCH: Weinheim, 2007; pp 543�577. (d) Katz,
T. J. Angew. Chem., Int. Ed. 2000, 39, 1921. (e) Urbano, A. Angew.
Chem., Int. Ed. 2003, 42, 3986. (f) Collins, S. K.; Vachon, M. P. Org.
Biomol. Chem. 2006, 4, 2518. (g) Rajca, A.; Rajca, S.; Pink, M.;
Miyasaki, M. Synlett 2007, 1799. (h) Dumitrascu, F.; Dumitrescu,
D. G.; Aron, I. ARKIVOC 2010, i, 1. (i) Shen, Y.; Chen, C.-F. Chem.
Rev. 2012, 112, 1463.

(3) For nonlinear optical properties, see: Haupert, L. M.; Simpson,
G. J. Annu. Rev. Phys. Chem. 2009, 60, 345 and references cited therein.

(4) As chiral ligands: (a) Reetz, M. T.; Sostmann, S. J. Organomet.
Chem. 2000, 603, 105. (b) Reggelin, M.; Schultz, M.; Holbach, M.
Angew. Chem., Int. Ed. 2002, 41, 1614. (c) Kawasaki, T.; Suzuki, K.;
Licandro, E.; Bossi, A.; Maiorana, K.; Soai, K. Tetrahedron: Asym-
metry 2006, 17, 2050. (d) Yamamoto, T.; Yamada, T.; Nagata, Y.;
Suginome, M. J. Am. Chem. Soc. 2010, 132, 7899. (e) Monteforte, M.;
Cauteruccio, S.; Maiorana, S.; Benincori, T.; Forni, A.; Raimondi, L.;
Graiff, C.; Tiripicchio, A.; Stephenson, G. R.; Licandro, E. Eur. J. Org.
Chem. 2011, 5649. (f) Krausov�a, Z.; Sehnal, P.; Bondzic, B. P.; Chercheja,
S.; Eilbracht, P.; Star�a, I. G.; �Saman, D.; Star�y, I.Eur. J. Org. Chem. 2011,
3849.

(5) For enantioselective induction, see: (a) Dreher, S. D.; Katz, T. J.;
Lam,K.-C.;Rheingold,A.L. J.Org. Chem. 2000, 65, 815. (b) Takenaka,
N.; Chen, J.; Captain, B.; Sarangthem, R. S.; Chandrakumar, A. J. Am.
Chem. Soc. 2010, 132, 4536.

(6) Representative examples of heterohelicenes: (a) Doper, J. H.;
Oudman, D.; Wynberg, H. J. Am. Chem. Soc. 1973, 95, 3692. (b)
Tanaka, K.; Osuga, H.; Shogase, Y.; Suzuki, H. Tetrahedron Lett.
1995, 36, 915. (c) Eskildsen, J.; Krebs, F. C.; Faldt, A.; Sommer-Larsen,
P.; Bechgaard,K. J.Org.Chem. 2001, 66, 200. (d)Nakano,K.;Hidehira,
K.; Hiyama, T.; Nozaki, K. Angew. Chem., Int. Ed. 2005, 44, 7136. (e)
Hassey, R.; Swain, E. J.; Hammer, N. I.; Venkataraman, D.; Barnes,
M. D. Science 2006, 314, 1437. (f) Miyasaka, M.; Pink, M.; Rajca, S.;
Rajca, A. Angew. Chem., Int. Ed. 2009, 48, 5954. (g) Furuta, T.;
Yamamoto, J.; Kitamura, Y.; Hashimoto, A.; Masu, H.; Azumaya, I.;
Kan, T.; Kawabata, T. J. Org. Chem. 2010, 75, 7010. (h) Surampudi,
S. K.; Nagarjuna, G.; Okamoto, D.; Chaudhuri, P. D.; Venkataraman,
D. J. Org. Chem. 2012, 77, 2074. (i) Kelgtermans, H.; Dobrza�nska, L.;
Meervelt, L. V.; Dehaen, W. Org. Lett. 2012, 14, 1500.

(7) (a) Schneider, J. F.; Nieger, M.; N€attinen, K.; Lewall, B.; Niecke,
E.; D€otz, K.H.Eur. J. Org. Chem. 2005, 1541. (b) Jin, L.-M.; Li, Y.;Ma,
J.; Li, Q.Org. Lett. 2010, 12, 3552. (c) Jierry, L.; Harthong, S.; Aronica,
C.; Mulatier, J.-C.; Guy, L.; Guy, S. Org. Lett. 2012, 14, 288. (d)
Heydenreich, M.; Koch, A.; Szatm�ari, I.; F€ul€op, F.; Kleinpeter, E.
Tetrahedron 2008, 64, 7378.



Org. Lett., Vol. 14, No. 12, 2012 3167

literature, except for one system,7d although this hetero-
cyclic moiety is present in a few biologically active
molecules.8 In this paper, we present the synthesis, char-
acterization, and determination of absolute configuration
of three types of novel helical 1,3-oxazines.
The synthetic strategy is based on a well-known conver-

sion of 2-naphthol to angularly fused 1,3-oxazine when
treated with a primary amine and excess of formaldehyde
by an aromatic Mannich reaction (Scheme 1).9

The design of helically shaped 1,3-oxazine is based on
the construction of the heterocyclic ring on the ortho fused
aromatic ring system. Initially, phenanthrene was chosen
for this purpose, and the oxazine of typeAwas synthesized
from its hydroxyl derivative 1 (Scheme 2). Two derivatives
2 and 3 were sythesized from benzyl amine and (S)-R-
methylbenzyl amine, respectively. The molecules prepared
were fully characterized by usual spectral and analytical
techniques.

The presence of bromine helped its crystal quality, and
single crystal analysis indicated a small bite angle θ (∼12�)
between the planes of the two terminal rings of the
phenanthrene system in 2 (Figure 1). However, chiral-
phase HPLC analysis showed only one peak confirming
the absence of isomers in solution at ambient conditions.
The helical molecules with substantial bite angle show

special chiroptical properties and high optical rotation.
For practical applications, the helical shape also needs to

be stable and free from conformational isomerization. In
an effort to prepare a more rigid helical shape, the second
set is designedwith [4]helicene as the aromatic system.Two
derivatives of type B were synthesized from hydroxy-
[4]helicene 4 under similar reaction conditions (Scheme 3).

The 1HNMR analysis of 5 showed two sets of dd for the
protons of the oxazine ring against the two s for compound
2. Further confirmation of the helical shape was obtained
from the single-crystal analysis of 5 (Figure 2), where a
considerable bite angle θ (∼35�) was observed between the
two terminal rings of the helicene system.
The third type of helical oxazine was planned where

two oxazine rings are attached to the central helical
unit. Accordingly, type C is synthesized from the 7,70-
dihydroxy-2,20-binaphthol 710 via atropisomeric inter-
mediates 8a and 8b (Scheme 4). The intermediates were
at first purified from the reaction mixture, and subse-
quently, one of them (8a) was isolated by recrystallization.
The separated pure diastereomer 8awas then transformed
to the methylene-bridged compound 9a by reaction with
diiodomethane and Cs2CO3.

7c

Scheme 1. General Synthesis of 1,3-Oxazines from 2-Naphthol

Scheme 2. Synthesis of Oxazine of Type A

Figure 1. ORTEP diagram of compound 2 (type A).

Scheme 3. Synthesis of Oxazine of Type B
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The single-crystal X-ray analysis confirmed the absolute
configuration of the chiral axis to be P for the crystallized
isomer 8a (Figure 3).11 Since the methylene bridge forma-
tion will retain the stereochemistry of the axis of 8a, the
absolute configuration of the methylene-bridged com-
pound 9a was accepted to be RPR. Helical compound 9a
has a large specific optical rotation ([R]D þ884) and

molecular OR ([Φ]D þ5487), while the open structure 8a
showed specific rotation of only þ204. This enhancement
of the degree of optical rotation when the atropisomeric
open structure is converted to a rigid form by introducing
the bridge is in accordance with recent observations.7c The
cyclized form with the methylene bridge also provides
stability to the helical shape, and a solution of 9a was
refluxed in toluene for over 12 h without any visible
thermal isomerization.
A similar synthetic process followed for the preparation

of all four diastereoisomers of the helically chiral bis-
oxazines (Figure 4). Isomer 9b was prepared from 8b,
while the other two isomers 11a and 11b were prepared
from the corresponding two diastereomers of 10a and 10b
obtained from 7 and (S)-R-methylbenzylamine.

Figure 2. ORTEP diagram of compound 5 (type B).

Scheme 4. Synthesis of Helical Bis-oxazines of Type C

Figure 3. ORTEP diagram of compound 8a, clearly establishing
the (P) configuration (or S) at the chiral axis.

Figure 4. Four diastereoisomers of the bis-oxazines of type C.(11) The crystal of 9a could not be satisfactorily solved by X-ray
diffraction analysis.
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The synthesis of the isomers of type C is quite straight-
forward and can be carried out on a multigram scale for
further applications and study.
Another derivative of 1,3-oxazine of type Cwith a single

helical chiral unit was synthesized by selecting methyl-
amine in place of optically active amine (Scheme 5). The
molecule 12 was isolated as a racemate of two helical
enantiomers.
Chiral-phase HPLC analysis of the compound 5 and 12

was performed in order to establish the stability of isomers
in solution at ambient conditions (Figure 5). The first
molecule attached with four ortho fused aromatic rings 5
did show the presence of two helical isomers, but the
separation was never up to the baseline, probably indicat-
ing their dynamic behavior. At the same time, the two
helical isomers of 12were clearly separated to the baseline
indicating their stability.
Helical oxazines show typical UV and CD spectral

features (Figure 6).12 The presence of two opposite
bisignate couplets, a positive one at around 270 nm and
a negative at 292 nm, are attributed to the P configuration
(9a). As expected, the two enantiomers of the pair 9a and
11a show identical but opposite CD curves.
In conclusion, a series of new helical oxazines were

synthesized which showed high degree of optical rotation
and particularly the bis-oxazines of type C had consider-
able thermal stability.
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Scheme 5. Synthesis of N-Me-bis-oxazine of Type C

Figure 5. Chiral HPLC analysis of 5 (left) and 12 (right).

Figure 6. CD spectra of bis-oxazine enantiomer pair RPR-9a
(red) and SMS-11a (black) (c 0.5 � 10�7 mol in acetonitrile).
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