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The present approach to heterohelicenes provides original
[5]oxa- and thiahelicenes, where both oxygen and sulfur
atoms are located at the end of the inner helix. Quantum
chemical calculations are carried out to determine the path-
way for interconversion between two enantiomers and
demonstrate that the energy barrier is strongly dependent
on the nature of the heteroatompresent on the helical shape.

Helicene chemistry1 has grown into an important field of
research owing to the fascinating optical2 and electronic3

properties of these π-conjugated ortho-annelated aromatic
molecules. Their inherent chirality has recently led topromising

applications in asymmetric catalysis,4 asymmetric molecular
recognition,5 and liquid crystal molecules.6 In this context,
the determination of the racemization barrier (RB) reflecting
the repulsive interactions between terminal aromatic rings is
a crucial helicity indicator. In the carbohelicene series, RBs
are dependent on several factors such as the number of ortho-
condensed rings, substitution at various helix sites, and the
modulation of steric hindrance on the terminal positions of
the inner helix.7 Thus, [4]helicenes become configurationally
stable at room temperature with the introduction of a large
sterical substituent upon the last cycle of the inner helix.8

Indeed, introduction of methyl substituents in the 1-position
increased the stability of the configuration similarly to the
effect of an additional ring.

Although an overview of the literature over the last
century highlighted carbohelicenes as helical dominating
frameworks, heterohelicenes (i.e., oxa-, aza-, and thiahe-
licene)9 recently emerged as extremely attractive molecules.
Introduction of sulfur atoms revealed that they are especially
beneficial to the electronic, optical, or photorefractive pro-
perties of thiahelicene-based material.10 Up to recently,
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heteroatoms embedded in heterohelicenes were located only
at the outer framework of the helix.9

To the best of our knowledge, thiahelicene comprising a
sulfur atom at an inner helix position has been reported once
and obtained through photocyclization strategy.11 In this
case, the presence of the sterically demanding sulfur atom at
the end of the inner helix was shown to impact the degree of
twisting into the heterohelicene.

The synthesis of regio-defined heterohelicenes is of sig-
nificant current interest. Indeed the presence, the nature, and
the position of heteroatoms may tune helicity parameters
such as dihedral angles and bond lengths that modify the
configurational stability such as the RB, thus affecting the
potential applications in material science.

Herein we report the selective synthesis of unprecedented
[5]oxa- and [5]thiahelicenes (see Figure 1) where both oxygen
and sulfur atoms are located at the end of the inner helix. In
addition, we describe the determination of their respective
RBs and highlight the crucial influence of the nature of the
heteroatom on the helical shape and RB. The present route
to heterohelicenes is based on our recent success in obtaining
diamino[6]carbohelicenes by a short five-step sequence.12

Target compounds 5 and 6 were obtained in two steps
starting from the same intermediate 2 according to Scheme 1.

The preparation of the [5]oxahelicene 5 and the [5]thi-
ahelicene 6 started from bromonaphthalene 2 and commer-
cial boronic acids 1.13 The Suzuki cross-coupling reaction
was performed with PdCl2TPP2 and K2CO3 in a ref-
luxing mixed solvent system of toluene/EtOH/H2O.14 After
purification by flash chromatography, the desired com-
pounds 3 and 4 were, respectively, obtained in 76 and 68%
yield. Nitriles 3 and 4 poured in PPA and heated at 80 �C for
48 h gave the corresponding helicenes 5 and 6. Due to the
unprecedented presence of heteroatoms at the end of the
inner helix, complete NMR characterization is not trivial
and required complementary analyses. Full assignments of

all 1H and 13C NMR signals highlighted the remarkable
influence of the heteroatom, in particular on the chemical
shifts of the closest h proton and g carbon atoms in both
structures.

We evaluated and compared the helicity parameters of
both [5]heterohelicenes 5 and 6. Quantum chemical calcula-
tions were conducted to explore the geometries and electro-
nic structures of the newly synthesized molecules as well as
the pathway for interconversion between two enantiomers
(racemization). All calculations were performed using
Gaussian 03.15 The stationary state geometry of each struc-
ture (minimum or transition state for interconversion) has
been optimized without symmetry constraints in the gas
phase with density functional theory (DFT) method. We
have used the B3LYP functional16 with the 6-311Gþ(d)
triple-ζ polarized basis sets that provide accurate ground
state structure for most organic systems.

The transition state (TS) structures for helicene racemiza-
tion are shown in Figure 2 (right side). Interestingly, the TS
structures found for 5 are nearly planar, while the geometry
found for 6 is nonplanar with face-to-face orientation of the
terminal aromatic rings. A close X 3 3 3Ha contact between X
and H atoms occurs in the crowded concave region of the
molecule where the nuclei of these two atoms are separated
by 1.800 and 2.084 Å in the 5 and 6 optimized geometries.

These distances are significantly shorter than twice the van
derWaals radius of the hydrogen atom and sulfur or oxygen
atoms (2.72 and 3.00 Å, respectively). Therefore, the strong
repulsive interaction established in the TS of racemization
for 5 is balanced by the planar geometry that provides a
significant stabilization of the transition state structure and
thus explains the low RB value.

The computed RB values show that the energy barrier is
strongly dependent on the molecular structure and the
nature of introduced heteroatom. Indeed, for oxahelicene

FIGURE 1. Targeted modulation at the end of the inner helix.

SCHEME 1. Synthesis of [5]Oxa- and [5]Thiahelicenes (5 and 6)

FIGURE 2. B3LYP/6-311þG(d,p) optimized minimum (left) and
transition state structures (right) of [5]oxahelicene 5 (top) and
[5]thiahelicene 6 (bottom).
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derivative 5, this energy barrier is found to be around 9 kcal/
mol while it is considerably much higher for compound 6

(i.e., about 20 kcal/mol).
The optimized minima of [5]heterohelicenes 5 and 6 and

transition states of racemization are displayed in Figure 2.
All six fused rings show distortion from planar arrange-

ment, as evidenced by the dihedral angles between adjacent
rings (Table 1). The spatial distortion of the backbone of the
conjugated π system can also be revealed by the significant
climb of the helices (X 3 3 3Ha distance). In compound 6, the
X 3 3 3Ha distance is longer and the dihedral angles are wider
than those in compound 5.

In conclusion, we succeeded in the first preparation of
novel regio-defined [5]oxa- and [5]thiaheterohelicenes. These
helical molecules were obtained through a short and facile
two-step access in fair yields. The strategy described herein
allowed the selective introduction of both oxygen and sulfur
atoms at the end of the inner helix. The determination of
helicity parameters and configurational stability evidenced
that energy barriers are strongly dependent on the nature of
the heteroatom introduced in the inner helix position. The
latter deeply impacted both ground and transition state
structures, confirming that increases of the heteroatom size
and racemization barrier evolved parallel to one another.

Experimental Section

Representative Procedure for Suzuki-Miyaura Coupling.

Synthesis of 1-(4-Dibenzofurane)-2-cyanomethylnaphthalene 3.

To a stirred suspension of 1-bromo-2-cyanomethylnaphthalene
2 (100 mg, 0.4 mmol), 4-dibenzofuranboronic acid (169 mg, 0.8
mmol, 2 equiv), and K2CO3 (168 mg, 1.2 mmol, 3 equiv) in
degassed mixture of toluene (1 mL), absolute ethanol (0.2 mL)
and water (0.2 mL) was added PdCl2(PPh3)2 (29mg, 0.04 mmol,

10%mol). Themixturewas stirred at reflux for one night.Water
(10 mL) was then added, and the aqueous phase was extracted
with dichloromethane (2 � 10 mL). The combined organic lay-
ers were dried (MgSO4), filtered, and concentrated under
vacuum. The crude product was purified by flash chromato-
graphy on silica gel (petroleum ether/EtOAc: 97.5/2.5 then 95/5)
to give the oxanitrile product 3 (103 mg, 76%) as a pale yellow
solid:mp 138 �C; 1HNMR(300MHz,CDCl3) δ=3.66 (m, 2H),
7.35-7.50 (m, 6 H), 7.55 (m, 2 H), 7.78 (d, J=8.5 Hz, 1 H), 7.95
(d, J = 8.1 Hz, 1 H), 8.06 (d, J= 7.7 Hz, 2 H), 8.13 (dd, J= 7.1
and 1.3 Hz, 1 H); 13C NMR (300 MHz, CDCl3) δ= 22.4, 111.8,
117.9, 120.7, 120.9, 121.2, 123.0, 123.2, 123.9, 124.8, 125.6, 126.1,
126.3, 126.6, 126.8, 127.5, 128.1, 129.1, 129.4, 132.5, 132.9, 133.0,
153.8, 156.1; IR (KBr) 3057, 2361 (CN), 1631, 1449, 1410, 1188,
1115, 754 cm-1; HRMS-ESI m/z [M þ H]þ calcd for C24H16NO
334.1232, found 334.1217.

Representative Procedure for Cyclization. Synthesis of 7-Amino-

5-oxahelicene 5. The oxanitrile product 3 (30 mg, 0.11 mmol)
was poured into stirred fresh polyphosphoric acid (3 mL) at
80 �C under argon. The suspension was stirred at 80 �C for 48 h.
The resulting mixture was poured into ice (20 g) and basified
with Na2CO3. This aqueous layer was extracted with ethyl
acetate (3 � 10 mL), and the combined organic layers were
dried (MgSO4), filtered, and concentrated under vacuum. The
crude product was purified by flash chromatography on silica
gel (dichloromethane) to give 7-amino-[5]-oxahelicene 5 (13 mg,
44%) as a red solid: mp 142 �C; 1H NMR (300 MHz, CD2Cl2)
δ = 4.46 (br s, 2 H), 7.13 (s, 1 H), 7.60-7.35 (m, 5 H), 7.68 (d,
J=8.6Hz, 1 H), 7.90 (d, J=8.5Hz, 1 H), 7.96 (dd, J=8.1 and
1.8Hz, 1H), 8.02 (d, J=8.5Hz, 1H), 8.11 (m, 1H), 8.26 (d, J=
8.5 Hz, 1 H), 8.38 (dd, J = 8.6 and 1.0 Hz, 1 H); 13C NMR
(75 MHz, CD2Cl2) δ = 108.0, 111.2, 116.2, 117.5, 117.9, 118.3,
119.8, 121.1, 122.6, 123.8, 124.0, 124.4, 124.8, 124.9, 126.5,
126.9, 128.1, 128.6, 129.7, 131.1, 133.0, 141.3, 152.4, 154.3; IR
(neat) 3345, 3224, 3044, 2155, 1627, 1591, 1454, 1190 cm-1;
HRMS-ESI m/z [M þ Na]þ calcd for C24H15NONa 356.1051,
found 356.1032.
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TABLE 1. Key Structural Parameters of [5]Heterohelicenes 5 and 6

dihedral anglea (�)

compound a-b-c-d b-c-d-e c-d-e-f X 3 3 3Ha distance (Å)

5 (X = O)
minimum -19.0 -26.3 -8.4 2.34
TS 8.8 -3.0 -9.5 1.80
6 (X = S)
minimum -20.8 -30.4 -13.9 2.76
TS 24.9 -9.0 -28.8 2.08

aSee numbering reported in Figure 1.


