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Synthesis and Characterization of Some Aza|S]helicenes
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A systematic study on the synthesis and properties of aza-
[5]helicenes bearing one or two nitrogen atoms in selected
ring positions is reported for the first time. This photochemi-
cal approach can be conveniently applied to the preparation
of either mono- or diaza[5]helicenes. The aza[5]helicenes
were characterized by NMR spectroscopy, X-ray crystal-

lography, emission spectroscopy, and luminescence lifetime.
The extremely long triplet lifetime observed (in the range
of seconds) makes these molecules promising candidates for
practical applications in photo- and optoelectronics.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

Helicenes constitute a class of molecules with many intri-
guing features such as extended aromaticity, chirality, a
capability to self-assemble into columnar solid-state archi-
tectures, and an ability to behave as organic conductors.
Potential applications of helicenes can be found in the fields
of non-linear optics (NLO)! and circularly polarized lumi-
nescence.”l Since the first synthesis of helicenes, reported
by Newman in 1955, a great deal of work has been carried
out on helicenes with a backbone composed either of car-
bon atoms only!* or containing selected heteroatoms.[*! In
this latter case, particular interest has been paid to thioheli-
cenes, a class of molecules with alternating thiophene and
benzene rings, which show interesting self-assembly behav-
ior in the solid state,’! and to bridged triarylamines, a par-
ticular kind of azahelicene.[®! Whenever the resolution of
the enantiomers could be obtained, very high [a]sqo>* values
were found.[”! For the nine-membered thiohelicene, the two
enantiomers show distinctive circular dichroism spectra,®
the (+)-enantiomer having the absolute configuration of the
right-handed helix.! Nitrogen-substituted heteroaromatic
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molecules are currently gaining increasing interest owing to
the fact that their complexes with transition metal ions
show interesting properties in harvesting (visible) light and
reemitting it at a wavelength that depends on the metal ion
used, ' thus allowing the development of light-emitting de-
vices, chemosensors, photovoltaic dye-sensitized devices,
etc. Furthermore, if the heteroaromatic ligand has more
than one nitrogen atom in its frame, large supramolecular
complexes can be formed, and the properties of this kind
of systems have been the focus of the research activities of
many groups.''! Few examples of aza[Slhelicenes (the
number in square brackets refers to the number of rings in
the helicene) are known in the literature,['?! and a systematic
study of their synthesis and properties is still missing. In a
preliminary paper, we pointed out that the strategies for
obtaining diaza[S]helicenes differ depending on the posi-
tions of the nitrogen atoms.l'3! For these reasons, we de-
cided to start an extensive and systematic study on aza[5]-
helicenes. The motivations of this project are: a) to provide
a possible general synthetic approach to this class of mole-
cules, b) to provide a thorough characterization of the spec-
tral and structural features of the newly synthesized mole-
cules, and c) to provide promising building blocks for new
materials. Indeed, aza[S]helicenes may act as ligands for
transition metal ions and the complexes obtained, along
with their supramolecular assemblies, are potential candi-
dates for light emitters whose wavelength may be tuned by
changing the complexing ion.

Results and Discussion

Figure 1 gives an example of the molecular formula and
atom numbering of aza[5]helicene and its double-bond pre-
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cursor. A simple strategy that may be used for the synthesis
of the aza[5]helicenes reported in this paper starts from the
well-known photochemical ring-closure of 1,2-diarylethyl-
enes, which yields the most crowded derivative as the major
product. While the synthesis of carbohelicenes has been
studied both from a synthetic and a theoretical point of
view,[1l few azahelicenes are known in the literature and
some reported theoretical approaches are not completely
satisfactory.!!>-1¢]

Figure 1. Molecular formulae and atom numbering for aza[5]heli-
cenes and their precursors.

The key step of our syntheses of azahelicenes was thus
the photolysis of differently nitrogen-substituted 1,2-diaryl-
ethylenes. The rationale for such a choice can be summa-
rized in the following points: a) literature data indicated
that photochemical cyclization could be exploited for the
synthesis of substituted carbohelicenes!'”! and more com-
plex carbohelicenes ([11]-, [12]-, [13]-, and [14]helicenes);!®]
b) in stilbene-like molecules, the presence of one or more
nitrogen atoms does not alter the photochemical behavior
of the 1,2-substituted ethylenes dramatically.'”? For these
reasons, we synthesized some ethylenes substituted in the 1-
position with quinoline or isoquinoline and in the 2-posi-
tion with naphthalene, quinoline, or isoquinoline. The pho-
tochemical cyclization was carried out as shown in
Scheme 1.

In all these cases the reaction gave the desired aza[S]heli-
cenes or diaza[S]helicenes selectively without ring closure in
other positions. GC analysis during the irradiation showed
the presence of only three peaks, corresponding to the cis
isomer (identified by GC-MS), the azahelicene, and the
trans isomer, in that order.

The synthetic approach to the monoazahelicenes 1-3
starts with the preparation of the phosphonium salt of 2-
(bromomethyl)naphthalene and its reaction with the hetero-
cyclic aldehyde obtained by oxidation of the methyl deriva-
tive with SeO,.

The synthesis of the diazadiarylethylenes 4-9 was
achieved in a slightly different way. In these cases, some of
the heterocyclic aldehydes were reduced to the correspond-
ing alcohols and then transformed into the chloride deriva-
tives, which, in turn, were used to obtain the corresponding
phosphonium salts. A subsequent Wittig reaction gave the
desired ethylenes.

It is interesting to note that 2-aza[5]helicene and 7-aza[5]-
helicene could not be obtained following this strategy
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DX=N,Y=Z=X=Y'=Z'=-CH 10) 4-Aza[5]helicene

Yield: 85% Yield: 47% , AcOEt, 36 h
DY=N,X=2=X=Y'=2=CH 11) 5-Aza[5]helicene

Yield: 70% Yield: 82% , AcOEt, 36 h
3)7Z=N,X=Y=X'=Y'=7'=CH 12) 6-Aza[5]helicene

Yield: 70% Yicld: 40% , AcOEt, 36 h
HX=X=N,Y=Z=Y'=Z'=CH 13) 4,11-diaza[5]helicene

Yield: 78% Yield: 98% , AcOEL, 24 h
5)Y=Y=N,X=Z=X'=2'=CH 14) 5,10-diaza[5]helicene

Yield: 83% Yield: 98% , AcOEt, 24 h
6)Z=7Z'=N,X=Y=X"=Y'=CH 15) 6,9-diaza[5]helicene

Yield: 68% Yield: 72% , AcOEt, 36 h
NX=Z'=N,Y=Z=X'=Y'=CH 16) 4,9-diaza[5]helicene

Yield: 78% Yield: 85% , AcOFEt, 36 h
X=Y=N,Y=2=X'=2'=CH 17) 4,10-diaza[5]helicene

Yield: 72% Yield: 98% , AcOEt, 24 h
NY=Z'=N,X=Z=X'=Y'=CH 18) 5,9-diaza[5]helicene

Yield: 89% Yield: 98% , AcOEt, 36 h

Scheme 1.

(Scheme 2). All attempts to synthesise the 2-aza[5]helicene
gave the 7-azabenzo[ghilperylene 20 as the only product,
whereas the photochemical cyclization leading to 7-aza[5]-
helicene was unsuccessful even under the most drastic con-
ditions reported in the literature.*”) Furthermore, for this
latter compound, attempts to repeat a published synthesis
were unsuccessful.?!1 We are currently exploring other pos-
sible synthetic strategies for their synthesis, as well as other
monoazahelicenes. The synthesis of 6,9-diaza[S]helicene has
already been reported by us!!3! and others,['?8! although the
present approach is simpler.

NMR Spectroscopy

The structural characterization of the target products in
solution was achieved by '"H NMR spectroscopy. The spec-
tral assignment was based on the combined use of the fol-
lowing elements: a) the chemical-shift dependence of the 'H
signals as a function of N-substitution in heteroaromatic
bases; b) 3J and *J coupling constant values in N-contain-
ing heteroaromatic bases; ¢) 'H{'H} NOE difference and
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Scheme 2.

2D-NOESY experiments. A detailed example of the use of
the above-mentioned points has been reported pre-
viously.['¥ The full assignment of the azahelicenes’ spectra
is summarized in Table 1. From a structural viewpoint, it is
interesting to underline that the signal assigned to the pro-
ton in position 14 (see Figure 1) is remarkably deshielded
in both mono- and diazahelicenes due to the effect of the
n-electron ring-current of the opposite aromatic ring (e.g.
the ring containing the proton in position 1), and that a
long-range NOE due to the dipolar interaction of the pro-
tons in positions 1 and 14 is also detected in 2D-NOESY
experiments. These findings are in full agreement with the
nonplanar structure of the azahelicenes obtained by X-ray
diffraction and discussed below.

Crystal Structures of Monoaza|S]helicenes

Of the nine helicenes reported above, we structurally
characterized the three monoazahelicenes 10, 11, and 12 by
single-crystal X-ray diffraction. The conformations of all
these molecules closely resemble that of the “parent” [5]-
helicene molecule, whose idealized molecular symmetry is
C, and which crystallizes in two monoclinic forms, P2,/c,
with one molecule in a general position, and C2/c, with one
molecule in a general position and one on a twofold axis??!
(see Figure 2, where labeling and a qualitative picture of
long and short bonds is reported).

The helicene 11 crystallizes as a conglomerate of enantio-
morphic crystals in the noncentrosymmetric space group
P2nb. The helicene 10 is isomorphic with the parent [5]-
helicene of C2/c, except for an orientational disorder which
affects the molecule on the twofold axis. Finally, the space
group of helicene 12 is P2,/n.

We can compare the molecular geometries of helicene
and monoaza[S]helicenes by investigating parameters such
as the skeletal bond lengths and the dihedral angles at the

Eur. J. Org. Chem. 2005, 1247-1257 WWW.eurjoc.org

unique central C—C bonds (Table 2). Experimentally deter-
mined distances have been corrected for thermal libration
effects,?3! except for the [S]helicene, whose data are taken
from the literature.?” For 10, only the (ordered) molecule
in the general position is considered, while for [SThelicene
the (unique) distances are obtained from the average be-
tween the two molecules of the C2/c¢ phase and the molecule
of the P2,/c phase.

In Table 3 we report the same parameters obtained from
a density functional gas-phase geometry optimization at the
B3LYP/6-31G(d,p) level of theory. For the two ordered
structures, the agreement is within 0.03 A and, in particular,
the alternation of short and long bonds is correctly pre-
dicted. A significantly worse agreement (0.05 A) is found
for 10, but this is probably due to the lower quality of the
crystals and the orientational disorder that affects part of
the structure, both of which clearly reduce the accuracy of
the refined model, as can be seen from the poor agreement
factors given in the table in the Experimental Section and
the larger uncertainties in Table 3.

Somewhat at variance from our expectations, the effect
of the heteroatom is limited to its nearest neighbor (short-
ening the bond); little difference is observed at greater dis-
tances.

The dihedral angles about the central C7-C8 and C14b-
Cl4c bonds are quite constant in all structures at about
10° and 30°, respectively. Even though the molecules are
significantly distorted from planarity (Figure 3), the two
central bond lengths in all helicenes are quite close to those
of phenanthrene!>! or other similar molecular fragments (in
planar conformation) retrieved from the Cambridge Crys-
tallographic Database,*® where average values are
1.345(3) A and 1.456(2) A for C7-C8 and Cl4b-Cl4c,
respectively.

The particular shape of the helicene molecules clearly in-
fluences the crystal packing (Figure 4). In the two centro-
symmetric structures, stacks of enantiomers form embraces
and produce chains elongated along given directions. In the
acentric structure, however, no special stacking motif is ob-
served, although the overall packing is no less efficient than
that of the centrosymmetric forms (see, for example, the oc-
cupied volume per molecule, V/Z, in Table 3). The polymor-
phism shown by the parent helicene suggests that more than
one supramolecular arrangement is energetically favored
and the same could hold true for aza-helicenes. Preliminary
analysis of diazahelicenes (not reported in this paper) seems
to confirm this hypothesis. For each azahelicene, the
reasons that lead to one arrangement instead of the others
could be quite subtle. Electrostatic forces, for example, must
certainly be considered: the molecular dipole moment mag-
nitudes of azahelicenes are almost identical (about 2.5 D,
against ca. 0 for [S]helicene), but their directions are quite
different. On the other hand, weaker hydrogen bonds, with
N atoms acting as acceptors, seem to be less-efficient driv-
ing forces, given that in all structures examined here all C—
H--N contacts have H-+N distances exceeding 2.7 A, while
many C-H---H-C contacts slightly below the van der Waals
distances occur.

© 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 1249



FULL PAPER

T. Caronna et al.

Table 1. '"H NMR spectroscopic data® for the aza[5]helicenes.

HI H2 H3 H4 HS5 H6 H7
10 8.83 7.19 8.90 - 8.17Mb! 8.120 a1
dd, J=18,8.7 dd, J=4.1,8.7 dd, J =18, 4.1 J=89 J=89
11 8.54 7.35 7.69 8.25 - 9.41 7.891bc]
dd, J=14,87 ddd,J=14, ddd,J=14, dd,J=14,823 s J=87
6.9, 8.7 6.9,83
12 8.51 7.50 7.63 8.09 9.40 - 8.15b!
d, J=85 ddd, J=14, ddd,J=14, dd, J=14, 8.0 s J=85
6.6, 8.5 6.6, 8.0
13 8.77 7.26 8.95 - 8.221b] 8.161 8.01
dd, J=13,85 dd, J=4.1,85 dd, J=134.1 J=88 J=88 s
14 8.30 7.45 7.77 8.66 - 9.47 8.15
d,J =84 ddd, J=14, ddd,J=14, brd,J=83 s s
6.9, 8.4 6.9,83
15 8.16 7.58 7.70 8.55 9.45 - 8.31
dd, J=14,83 ddd,J=14, ddd,J=14, d,J=83 s s
6.9, 8.3 6.9, 83
16 7.98 7.28 8.76 - (2] lel 0]
br.d, J=8.0 dd, J=42,80 dd,J= 16, 4.2
17 8.95 7.28 8.97 - 8.281b! 8.15l 8.05lb-c]
dd, J=1.8,8.5 dd, J=44,85 dd, J =18, 4.4 J=84 J=84 J =80
18 8.53 7.40 7.74 8.27 - 9.42 8.15
br.d, J=85 ddd,J=14, ddd,J=14, dd,J=14,83 s d,J=823
6.9, 8.5 6.9, 8.3
HS HO H10 Hil HI2 HI3 H14
10 (d) (d) [a 7.97 7.54 7.30 8.46
dd,J=14,81 ddd,J=14, ddd,J=14, brd J=8.1
6.9, 8.1 6.9, 8.1
11 8.03[cel n n 7.98 7.58 7.36 8.62
J=87 dd,J=14,83 ddd,J=14, ddd,J=14, brd J=83
6.9, 8.3 6.9, 8.3
12 8.010 7.891b] 7.961l 7.98 7.56 7.32 8.50
J=85 J=85 J=85 dd, J=14,80 ddd,J=14, ddd,J=14, brd J=85
6.9, 8.0 6.9, 8.5
13 - - - - - - -
14 - - - - - - -
15 - - - - - - -
16 ] - 9.05 le) 8.76 7.28 7.98
s dd,J=1.6,42 dd,J=42,80 d,J=80
17 8.08[c<l 9.44 - 8.46 7.72 - 8.28h]
J=80 s br.d, /=84 ddd, J= 14,
6.9, 8.4
18 8.26 - 9.84 8.1510 772 7.61 8.62
d, J=83 s ddd, J=14, ddd,J=14, brd, J=85
6.9, 8.0 6.9,8.5

[a] Chemical shift (3, ppm, reference internal TMS) and coupling constants (Hz). [b] A part of AB spin system. [c] B part of AB spin
system. [d] 0 = 7.97-7.89 (m, 4 H, H7, H8, H9, H10). [e] Assignments can be reversed. [f] 0 = 7.97-8.01 (m, 2 H, H9, H10). [g] 0 = 7.83~
7.58 (m, 5 H, HS, H6, H7, H8, H11). [h] Overlapped with HS. [i] Partially overlapped with H7.

Optical Properties

Again, in the present work, we have concentrated on the
monoaza derivatives. Figure 5 shows the absorption spec-
trum of 11 in ethanol in the region of the lowest electronic
transition compared with the corresponding luminescence
collected at 300 K and 77 K. The full absorption spectrum,
up to 5 eV, is reported in the inset. The absorption onset is
at about 3.14eV and corresponds to the singlet-singlet
S,<Sy 0-0 transition.?”l A well-defined vibronic pro-

1250 © 2005 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

gression with an energy separation of 1200 cm™', due to the

C-H bond bend vibration mode, is also easily detectable.
The measured fluorescence quantum yield (@) is about

0.076. The oscillator strength f of the S;<-S, transition

can be obtained from the

[Equation (1)]"]

f

n

4.39.107°
S

v
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Figure 2. A Scheme showing the labeling system adopted. Shorter
(<1.39 A) and longer (>1.44 A) distances in the parent [S]helicene
molecule are drawn as bold and dashed lines respectively.

where 7 is the refraction index of the solution and the inte-
gral is calculated over the entire vibronic progression, which
gives a value of 1.17x 1072,

Similar to the absorption spectrum, the room-tempera-
ture photoluminescence is constituted by a single vibronic
progression with an energy separation of about 1200 cm™!
and nearly perfect mirror symmetry. The small Stokes shift
of about 36 meV between absorption and emission spectra
suggests a negligible molecular relaxation upon excitation,
thus indicating that, even though it is nonplanar, the hel-

icene backbone does not undergo any planarization upon
excitation.

Table 3. Experimental results for 103 M ethanol solutions of 10, 11,
and 12.

f Stor 5RAD ror @ kyse % 10
[ns] [ns] [s]
10 - 34 - 1.91 0.2031 7.1
11 1.17x1072 3.5 45.8 2.4 0.0758 9.4
12 0.961%x102 3.0 50.1 0.95 0.0599 3.8

The emission spectra at low temperature show a second
vibronic progression with the purely electronic transition at
2.48 eV, and the usual energy separation of 1200 cm'. This
emission can be ascribed to a recombination of the first
excited triplet state (populated by intersystem crossing,
ISC) both because of the large Stokes shift and because of
its very long lifetime (see below).

Photoluminescence time-resolved measurements allowed
us to obtain deeper insight into the decay pathways in-
volved in the de-excitation of 11. The total fluorescence
(rSto1) and phosphorescence (t'ror) lifetimes were mea-
sured as described in the Experimental Section. Both the
decays are single exponential (Figure 6) and the obtained
lifetimes are 3.5 ns and 2.4 s, respectively. From the mea-

Table 2. Skeletal bond lengths [A] in helicene and aza-helicenes molecules, characterized by X-ray diffraction or DFT calculations. The
bond lengths involving N atoms are in bold character. Molecular volume [A%] and torsion angles [°] at the central 7-8 and 14b—14c bonds
are also reported. Standard uncertainties in experimentally determined distances are reported in parentheses (for [S]helicene the values
in parentheses are the standard deviation from averaged parameters determined from the coordinates reported in ref.[>?]).

[5]Helicene 10 11 12

X-ray DFT X-ray DFT X-ray DFT X-ray DFT
(H)-(2) 1.369(1) 1.3807 1.369(5) 1.379 1.376(3) 1.381 1.374(3) 1.381
(13)-(14) 1.361(5) 1.381 1.371(3) 1.381 1.377(2) 1.381
2-(3) 1.396(1) 1.4091 1.368(7) 1.409 1.384(4) 1.409 1.405(4) 1.410
(12)—(13) 1.401(6) 1.409 1.401(4) 1.409 1.398(3) 1.409
3)>-4) 1.352(1) 1.3782 1.317(7) 1.320 1.350(4) 1.378 1.355(4) 1.378
(11)-(12) 1.331(8) 1.378 1.352(4) 1.378 1.36 (3) 1.378
(5)-(6) 1.324(2) 1.3607 1.343(9) 1.361 1.304(4) 1.302 1.299(3) 1.302
(9)—(10) 1.353(9) 1.361 1.335(4) 1.361 1.338(3) 1.361
(7)—(8) 1.328(3) 1.3647 1.358(11) 1.365 1.346(4) 1.365 1.346(3) 1.365
(4)—(4a) 1.408(1) 1.4169 1.403(7) 1.361 1.423(4) 1.415 1.415(3) 1.414
(11)—~(10a) 1.412(7) 1.417 1.429(3) 1.416 1.421(2) 1.417
(5)-(4a) 1.434(1) 1.4295 1.394(8) 1.429 1.385(3) 1.379 1.434(3) 1.430
(10)—~(10a) 1.465(8) 1.429 1.416(3) 1.430 1.428(2) 1.429
(6)—(6a) 1.420(1) 1.4313 1.433(7) 1.432 1.441(3) 1.433 1.376(3) 1.379
(9)—(8a) 1.385(9) 1.431 1.434(3) 1.432 1.431(3) 1.431
(7)—(6a) 1.426(2) 1.4237 1.388(7) 1.424 1.431(4) 1.420 1.426(3) 1.422
(8)—(8a) 1.447(8) 1.424 1.419(4) 1.425 1.422(2) 1.425
(14d)—(4a) 1.425(1) 1.4311 1.425(5) 1.430 1.416(3) 1.430 1.416(2) 1.425
(14a)—(10a) 1.410(5) 1.431 1.424(3) 1.431 1.426(2) 1.431
(14c)—(6a) 1.419(1) 1.4233 1.421(6) 1.423 1.411(3) 1.418 1.419(2) 1.423
(14b)—(8a) 1.417(6) 1.423 1.422(3) 1.424 1.421(2) 1.423
(1)—(14d) 1.410(1) 1.4195 1.407(5) 1.417 1.410(3) 1.418 1.418(2) 1.419
(14)—(14a) 1.419(5) 1.419 1.413(2) 1.419 1.413(2) 1.419
(14d)—(14¢) 1.451(1) 1.4606 1.444(5) 1.458 1.466(3) 1.457 1.452(2) 1.456
(14b)—(14a) 1.459(5) 1.460 1.459(3) 1.459 1.461(2) 1.459
(14c)—(14b) 1.443(1) 1.4515 1.438(5) 1.451 1.444(3) 1.450 1.447(2) 1.450
(8a)—(8)—(7)—(6a) 9.7(3) 9.6 8.509) 9.4 10.2(4) 9.4 8.3(2) 8.9
(14a)—(14b)—(14c)—(14d)  32.3(3) 29.8 32.6(6) 29.1 29.8(3) 28.5 27.5(2) 30.0
ViZ 360-365 360 355 354

Eur. J. Org. Chem. 2005, 1247-1257 WWW.eurjoc.org
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Figure 3. Molecular geometry of the three aza[5]helicenes (from left to right, 10, 11, and 12), characterized by X-ray diffraction. Thermal
ellipsoids are drawn at 50% probability level (N atoms are identified with the octant shaded format). For 10 the view represents the order

conformation only.

sured @ and tSpop, the fact that @ = T1ro/tSrap, and the
simple relationship between t5gap and the oscillator
strength,?”! it is possible to recalculate the S;<S, transition
oscillator strength. The obtained 5 o value (49.8 ns) gives
a value of f of 1.8x1072, which is close to previous esti-
mates (the slightly larger value obtained is probably due to
uncertainty in the evaluation of @). Moreover, the nonradi-
ative lifetime (t5yg) can be calculated from the total and
radiative lifetime values using the relationship 1/zror
= 1/tgap *+ 1/7nr. The rather short value obtained (z5yr =
3.2 ns) suggests the presence of very efficient nonradiative
decay pathways.

Finally, we evaluated the ISC rate in order to check its
role among the other singlet nonradiative decay channels.
As the singlet emission intensity is proportional to the fluo-
rescence quantum yield, and the triplet emission intensity
is proportional to the phosphorescence quantum yield
times the ISC rate (kigc), it is possible to demonstrate
[Equation (2)] that

_Ir ke

IsC I, ©, @

Assuming that kjgc and kSgap are not temperature de-
pendent, from the I1/Ig ratio observed at 77 K we obtain
kisc = 9.4%10°s7! in the case of @1 = 1 or larger if @ is
smaller than 1 even at 77 K (reliable @ data are not avail-
able at present). The corresponding upper limit for 7g¢c is
therefore around 1077 s, thus demonstrating that the ISC is
one of the more efficient nonradiative channels for the sing-
let de-excitation.

Similar results were also obtained for the other monohel-
icenes. The data summarized in Table 2 demonstrate that
the optical properties of these molecules are almost unaffec-
ted by the position of the nitrogen atom.

In summary, the small Sy<-S; transition oscillator
strength, coupled with the large kjsc, makes these helicenes
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Figure 4. Embrace of two enantionmers (top) and of stacks of en-
antiomers (bottom).

good candidates for applications as ligands in metal-organic
energy-transfer complexes. Table 2 summarizes the experi-
mental results obtained for 10> M ethanol solutions of 10,
11, and 12.
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Figure 5. Low-energy tail of the absorption spectrum (solid line)
and emission spectra at 298 K and 77 K (dotted and short dashed
line, respectively) for a 10> M ethanol solution of 11.
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Figure 6. Fluorescence and phosphorescence (see inset) decay time
of a 10> M ethanol solution of 11 with the corresponding single
exponential fit.

Conclusions

A series of aza[5]helicenes bearing one or two nitrogen
atoms in selected positions has been synthesized and char-
acterized structurally (X-ray crystallography), and spectro-
scopically (NMR spectroscopy, absorption, emission, and
lifetime of the excited states). On the basis of the behaviors
of the studied molecules, we can conclude that aza[S]heli-
cenes may be promising systems for practical applications
in photo- and optoelectronics.

Experimental Section

General Remarks: All solvents were distilled and dried before use.
2-Methylnaphthalene, 3-methylisoquinoline, 6-methylquinoline,
quinoline-3-carbaldehyde, selenium(1v) oxide, triphenylphosphane,
and 1-bromopyrrolidine-2,5-dione (N-bromosuccinimide) are com-
mercial products and were used without further purification. NMR
spectra were recorded either on Bruker ARX 400 or Bruker Avance
500 spectrometers operating at proton resonance frequencies of 400
and 500 MHz, respectively. The products were dissolved in CDCl,
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and tetramethylsilane (TMS) was added as reference. '"H{'H} NOE
difference and two-dimensional NOESY spectra were recorded by
using standard literature pulse sequences. Electron ionization mass
spectra were recorded on a Finnigan MAT TSQ 70 instrument
(70 eV); the samples were introduced into the spectrometer source
by direct probe insertion. Irradiations were carried out on a
Rayonet RPR-100 photochemical reactor equipped with 16 lamps
irradiating in the visible range.

Absorption measurements were carried out with a Perkin—Elmer
Lambda 900 spectrophotometer. Continuous wave PL and PLE
measurements as well as time-resolved ones in the time range of a
few seconds were performed with an Aminco Bowman Series 2
spectrofluorimeter. All the optical measurements were performed
with a spectral resolution of 1 nm and all the spectra were corrected
for the instrumental spectral response. For the low-temperature
measurements the solutions were directly frozen in liquid nitrogen.
The quantum yield (@) was determined by comparison with a stan-
dard solution of quinine sulfate in 1.0 N sulfuric acid.”®) Time-re-
solved measurements were performed with a streak-camera-based
set-up with a temporal resolution better than 20 ps.

2-(Bromomethyl)naphthalene: This compound was prepared, as re-
ported in the literature,**! from 2-methylnaphthalene, N-bromosuc-
cinimide, and benzoyl peroxide in CCl, under irradiation in 90%
yield; m.p. 52-54 °C (ref. 54 °C).

(2-Naphthylmethyl)triphenylphosphonium Bromide: This compound
was prepared, as reported in the literature,?® from 2-(bro-
momethyl)naphthalene and triphenylphosphane in boiling xylene
in 92% yield; m. p. 248-251 °C (dec.; ref. 248-251 °C).

6-Quinolinecarbaldehyde and 3-Isoquinolinecarbaldehyde: These
compounds were prepared, as reported in the literature,% by mix-
ing the corresponding methyl-substituted heterocycle with seleni-
um(1v) oxide and heating the solid mixture at 250 °C.
6-Quinolinecarbaldehyde: Yield: 96%; m.p.74-76°C (ref. 75—
76 °C).131

3-Isoquinolinecarbaldehyde: Yield: 30%; m.p. 47-49 °C (ref. 49.6—
50 °C).1321

(X-Heterocycle)methanol. General Procedure: These compounds
were prepared, as reported in the literature, by treatment of the
corresponding aldehydes with NaBH, in EtOH.
3-Quinolylmethanol: Yield: 94%; m.p. 81-83 °C (ref. 83-84 °C).[*%]
6-Quinolylmethanol: Yield: 96%; m.p. 80-82 °C (ref. 79-80 °C).134
3-Isoquinolylmethanol: Yield: 82%; m.p. 78-82 °C (ref. 81 °C).[3%

(X-Heterocyclemethyl) Chloride. General Procedure: These com-
pounds were prepared, as reported in the literature,*®! by precipit-
ating the chlorohydrate salt of the methanol heterocycle from ben-
zene with gaseous HCI. The solid was dissolved in thionyl chloride
and refluxed for 1 h. After evaporation of the unreacted thionyl
chloride, the solid was collected, dissolved in ice-water, and basified
with ammonia. The precipitate was collected and dried to give the
appropriate chloro derivative.

3-Quinolylmethyl Chloride: Yield: 78%; m.p. 30-32 °C (ref. 33—
34 °C).130

6-Quinolylmethyl Chloride: Yield: 80%, 69-71°C (ref. 70.5—
71 °C).13¢1

3-Isoquinolylmethyl Chloride: Yield: 64% oil (ref. oil).[

(X-Heterocyclemethyl)triphenylphosphonium Chloride. General Pro-
cedure: The X-Heterocyclemethyl chloride (0.177 g, 1 mmol) was
dissolved in toluene (10 mL) and triphenylphosphane (0.262 g,
1 mmol) was added. The mixture was refluxed for 4 h. The solid
was filtered, washed well with toluene, and dried. It was then used
directly without particular characterization.
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(3-Quinolylmethyl)triphenylphosphonium Chloride: Yield: 76%;
m.p. 262-264 °C.
(6-Quinolylmethyl)triphenylphosphonium Chloride:
m.p. 201-203 °C.
(3-Isoquinolylmethyl)triphenylphosphonium Chloride: Yield: 67%;
m.p. 206-208 °C.

1-(2-Naphthyl)-2-(X-heterocycle)ethene. General Procedure: Na-
OMe (0.065 g, 1.2 mmol) was added, whilst stirring, to a flask con-
taining a mixture of X-heterocyclic aldehyde (0.157 g, 1 mmol) and
(2-naphthylmethyl)triphenylphosphonium  bromide  (0.483 g,
1 mmol) or the appropriate (X-heterocyclic methyl)triphenylphos-
phonium chloride (0.439 g, 1 mmol) in methanol (15 mL). The
mixture was gently refluxed for 3 h. After cooling, water was added,
and the solution extracted many times with a large amount of
CH,Cl,. After drying and solvent evaporation, the residue was
chromatographed on silica gel. The numbering used is the same as
for the helicene, with the addition of the two hydrogens (15 and
16) borne by the carbon atoms were the closure occurs.

1-(2-Naphthyl)-2-(6-quinolyl)ethene (1):377 R = 0.30 (CH,Cl,/Ac-
OEt, 5:1). Yield: 85%; m.p. 211-212 °C (ref. 209.5 °C). '"H NMR
(400 MHz, CDCl3, 25°C): 6 = 7.40 (dd, J,5 = 4.4, J,, = 8.0 Hz,
1 H, H2), 7.87-7.37 (various multiplets containing unassigned sig-
nals, 10 H), 7.92 (X of ABX, 1 H, H16), 8.02 (B of ABX, J516 =
1.8, Jo5s = 8.9 Hz, 1 H, H6), 8.11 (A of ABX, J55 = 89 Hz, | H,
HS), 8.15(dd, J,5 =14, J,, = 8.0Hz, 1 H, H1), 8.88 (dd, J5; =
1.4, J;, =4.4Hz | H, H3) ppm.

1-(2-Naphthyl)-2-(3-quinolyl)ethene (2): R; = 0.43 (AcOEt/hexane,
1:1). Yield: 70%; m.p. 200-202 °C. '"H NMR (400 MHz, CDCl;,
25°C):0=17.37 (B of AB, Jg; = 16.2 Hz, | H, HS), 7.52 (A of AB,
J;s = 16.2Hz, 1 H, H7), 8.30-7.47 (various multiplets containing
unassigned signals, 12 H), 8.22 (d, Ji66 = 2.2 Hz, 1 H, H16), 9.18
(d, Jei6 = 2.2Hz, 1 H, H6) ppm. MS: m/z = 281 [M™*], 280.
C, H 5N (281.4): caled. C 89.65, H 5.37, N 4.98; found C 89.74,
H 5.37, N 4.89.

2-(3-Isoquinolyl)-1-(2-naphthyl)ethene (3): Ry = 0.48 (AcOEt/hex-
ane, 5:3). Yield: 70%; m.p. 256-258°C. 'H NMR (400 MHz,
CDCl;, 25°C): 6 = 7.44 (B of AB, Js; = 16 Hz, 1 H, HS), 8.00—
7.47 (various multiplets containing unassigned signals, 13 H), 8.10
(A of AB, J;5 = 16 Hz, 1 H, H7), 9.28 (s, | H, H5) ppm. MS:
mlz = 281 [M™*], 280. C,;H;sN (281.4): caled. C 89.65, H 5.37, N
4.98; found C 89.87, H 5.37, N 4.98.

1,2-Di(6-quinolyl)ethene (4):!'>! R; = 0.20 (AcOEt/hexane, 5:1).
Yield: 78 %; m.p. 216-219 °C. "H NMR (400 MHz, CDCls, 25 °C):
=743 (dd, Josn510 = 44, Jo1ns1a = 8.2 Hz, 2 H, H2 and H13),
7.45 (s, 2 H, H7 and HS), 7.90 (d, J1s01166 = 2 Hz, 2 H, H15 and
H16), 8.03 (dd, Js 16015 = 2, Jo59.10 = 8.8 Hz, 2 H, H6 and HY),
8.13 (d, Js.g100 = 8.8 Hz, 2 H, H5 and H10), 8.18 (d, J, 1415 =
8.2 Hz, 2 H, HI and H14), 8.90 (dd, J5,101a = 1.5, J3om213 =
44Hz, 2 H, H3 and HI12) ppm. MS: m/z = 282 [M*], 281.
CaoH 4N, (282.3): caled. C 85.08, H 5.00, N 9.92: found C 84.97,
H 4.99, N 9.90.

1,2-Di(3-quinolyl)ethene (5): R; = 0.30 (AcOEt/hexane, 5:1). Yield:
83%; m.p. 237-239 °C;'H NMR (400 MHz, CDCls, 25°C): § =
7.48 (s, 2 H, H7 and HB), 7.57 (ddd, J>4/13.11 = 1.3, J2.3/13.12 = 6.8,
Jran31a = 8.1 Hz, 2 H, H2 and H13), 7.71 (ddd, J3 11214 = 1.5,
J3on213 = 6.8, J341211 = 8.4Hz, 2 H, H3 and HI12), 7.86
(dd, Jy 31412 = 1.5, J12/1413 = 8.1 Hz, 2 H, H1 and H14), 8.12 (dd,
Jaoniaz = 1.3, Jaznia2 = 8.4Hz, 2 H, H4 and HI1), 8.25 (d,
Jisonee = 2.3 Hz, 2 H, H15 and H16), 9.20 (d, Js 160015 = 2.3 Hz,
2 H, H6 and H9) ppm. MS: m/z = 282 [M*], 281. C,0H 4N, (282.3):
caled. C 85.08, H 5.00, N 9.92; found C 85.27, H 5.01, N 9.94.

Yield: 62%;
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1,2-Di(3-isoquinolyl)ethene (6): R; = 0.58 (AcOEt). Yield: 68%;
m.p. 236-238 °C. '"H NMR (400 MHz, CDCl;, 25°C): 6 = 7.56
(ddd, J31/12.14 = 1.1, J3212.13 = 6.9, J3.412.11 = 8.1 Hz, 2 H, H3 and
H12), 7.67 (ddd, Jo4n311 = 1.2, Ja31312 = 6.9, Jr 101314 = 8.2 Hz,
2 H, H2 and H13), 7.70 (s, 2 H, H7 and HS), 7.82 (d, Jy 514,13 =
8.2 Hz, 2 H, H1 and H14), 7.96 (d, J43/11.12 = 8.1 Hz, 2 H, H4 and
H11), 8.01 (s, 2 H, H15 and H16), 9.28 (s, 2 H, HS and H10) ppm.
MS: m/z = 282 [M™*], 281. C,0H 4N, (282.3): calcd. C 85.08, H
5.00, N 9.92; found C 85.01, H 4.98, N 9.92.

2-(3-Isoquinolyl)-1-(6-quinolyl)ethene (7): R; = 0.33 (AcOEt/hexane,
5:1). Yield: 78%; m.p. 129-130 °C. '"H NMR(400 MHz, CDCl;,
25°C): 0 = 7.40 (dd, J,; = 4.4, J,, = 8.13 Hz, 1 H, H2), 7.45 (d,
J.s=15.8 Hz, 1 H, H7), 7.51 (s, 1 H, H15), 7.57 (ddd, Jy5,14 = 1.2,
Ji2.13 = 6.8, J12.11 = 8.0 Hz, 1 H, H12), 7.69 (ddd, Jy51; = 1.2, J13.12
=6.8, J13,14 = 8.2 Hz, 1 H, H13), 8.00 (d, Js7 = 15.8 Hz, 1 H, HS),
8.06 (dd, Je 16 = 1.8, Jo5s = 8.8 Hz, 1 H, H6), 8.12 (d, J56 = 8.8 Hz,
1 H, HS), 8.17 (dd, J,; = 1.8, J;», = 8.13 Hz, 1 H, H1), 8.88 (dd,
J31=1.8,J3,=44Hz, 1 H, H3], 9.30 (s, 1 H, H10) ppm. MS: m/
z = 282 [M*], 281. CyH 4N, (282.3): caled. C 85.08, H 5.00, N
9.92; found C 85.31, H 5.01, N 9.95.

1-(3-Quinolyl)-2-(6-quinolyl)ethene (8): R; = 0.33 (AcOEt/hexane,
5:3). Yield: 72%; m.p. 220-224 °C. '"H NMR (400 MHz, CDCls,
25°C): 0 =17.25 (B of AB, J;5 = 16 Hz, | H, H7), 7.32 (dd, J,5 =
4.4,J,,=8.0Hz 1 H, H2), 7.36 (A of AB, Js; = 16 Hz, 1 H, HS),
7.48 (dd, Jy311 = 1.5, Ji3.02 = 8.1 Hz, 1 H, H13), 7.63 (ddd, Ji5.14
= 1.5Hz, J111 = 6.6 Hz, J1513 = 8.1 Hz, 1 H, HI2), 8.11-7.72
(various multiplets containing unassigned signals, 7 H), 8.83 (dd,
Js1=1.5,J;,=44Hz 1 H, H3),9.09 (d, Jy;5 = 2.2 Hz, | H, HY)
ppm. MS: m/z = 282 [M™*], 281. Cy0H 4N, (282.3): calcd. C 85.08,
H 5.00, N 9.92; found C 85.06, H 5.00, N 9.93.

2-(3-Isoquinolyl)-1-(3-quinolyl)ethene (9): R; = 0.47 (AcOEt/hexane,
5:1). Yield: 89%; m.p. 211-212 °C. 'H NMR (400 MHz, CDCls,
25°C): 0 = 7.54 (d, J;5 = 16 Hz, 1 H, H7), 8.14-7.46 (various
multiplets containing unassigned signals, 9 H), 8.00 (d, Js; =
16 Hz, 1 H, H8), 8.30 (d, J16 = 2.3 Hz, 1 H, HI6), 9.25 (d, Js.16
=23 Hz 1 H, H6), 9.30 (s, 1 H, H10) ppm. MS: m/z = 282 [M*],
281. CyH 4N, (282.3): caled. C 85.08, H 5.00, N 9.92; found C
84.84, H 5.01, N 9.88.

Photochemical Reactions. General Procedure: The appropriate eth-
ene derivative (0.282 g, 1.0 mmol) was dissolved in ethyl acetate
(150 mL) in a Pyrex vessel open to the air. The vessel was irradiated
with visible light for a time ranging between 24 and 36 h. The irra-
diation was stopped when, and if, some tar had begun to form.
The solvent was removed under vacuum, and the residue was chro-
matographed on silica gel. NMR data are given in Table 1.

4-Aza|5]helicene (10): Ry = 0.41 (AcOEt/hexane, 3:1). Yield: 47%;
m.p. 170-172°C. MS: m/z = 279 [M*], 278. C, H;3N (279.3):
caled. C 90.30, H 4.69, N 5.01; found C 90.20, H 4.68, N 5.00.

5-Aza|5]helicene (11): Ry = 0.28 (AcOEt/hexane, 1:1). Yield: 82%;
m.p. 198-200 °C. MS: m/z = 279 [M*], 278. C, H;3N (279.3):
caled. C 90.30, H 4.69, N 5.01; found C 90.18, H 4.67, N 5.01.

6-Aza|5]helicene (12): R; = 0.47 (AcOEt/hexane, 5:3). Yield: 40%;
m.p. 223-225°C. MS: m/z = 279 [M*], 278. C,;H;3N (279.3):
caled. C 90.30, H 4.69, N 5.01; found C 90.41, H 4.70, N 5.02.

4,11-Diazal|S]helicene (13): R; = 0.50 (AcOEt/hexane, 5:1). Yield:
98%; m.p. 204-206°C. MS: m/z = 280 [M*], 279. C,,H;,2N,
(280.3): caled. C 85.69, H 4.32, N 9.99; found C 85.34, H 4.30, N
9.96.

5,10-Diaza|S]helicene (14):['3I R; = 0.33 (AcOEt/hexane, 5:1). Yield:
98%; m.p. 189-190°C. MS: m/z = 280 [M*], 279. C,,H;,2N,
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(280.3): caled. C 85.69, H 4.32, N 9.99; found C 85.52, H 431, N
9.96.

6,9-Diaza|5]helicene (15):!'* R; = 0.27 (AcOEt: Hexane 5:1). Yield:
72%; m. p.155-156 °C. MS: mlz = 280 [M*], 279. CooH,2N5 (280.3):
caled. C 85.69, H 4.32, N 9.99; found C 85.95, H 4.33, N 10.02.

4,9-Diaza|S]helicene (16): R; = 0.22 (AcOEt/hexane, 5:1). Yield:
85%; m.p. 186-188 °C. MS (70 eV, EIl). m/z = 280 [M*], 279.
C,oH >N, (280.3): calcd. C 85.69, H 4.32, N 9.99; found C 85.61,
H 4.31, N 9.98.

4,10-Diazal|S]helicene (17): R; = 0.23 (AcOEt/hexane, 5:1). Yield:
98%; m.p. 162-164 °C. MS: m/z = 280 [M*], 279. C,,H;,N,
(280.3): caled. C 85.69, H 4.32, N 9.99; found C 85.80, H 4.33, N
10.00.

5,9-DiazalS]helicene (18): R; = 0.35 (AcOEt/hexane, 5:1). Yield:
98%; m.p. 187-189°C. MS: m/z = 280 [M™*], 279. C,yH >N,
(280.3): caled. C 85.69, H 4.32, N 9.99; found C 85.55, H 4.30, N
9.97.

2-(7-Isoquinolyl)-1-(2-naphthyl)ethene (19): R; = 0.53 (AcOEt/hex-
ane, 5:1). Yield: 98 %; m.p. 250-251. MS: m/z = 281 [M*], 280. 'H
NMR (400 MHz, CDCls, 25 °C): 6 = 7.41 (B part of AB system,
J7s =164 Hz, 1 H, H8 or H7), 7.45 (A part of AB system, J;5 =
16.4 Hz, 1 H, H7 or H8), 7.52-7.45 (ms, 2 H, H12 and H13), 7.64
(d, J43=5.7Hz, 1 H, H4), 7.79 (dd, J = 8.6 and 7.8 Hz, 1 H, H6),
7.88-7.81 (ms, 4 H, HS, H10, H11, H14), 7.93 (br. s, 1 H, H16),
8.00 (dd, Jo 0 = 8.6, Jo;5 = 1.8 Hz, 1 H, H9), 8.02 (br. s, 1 H,
H15), 8.51 (d, J54 =5.7Hz, 1 H, H3), 9.27 (s, 1 H, HI), C;;H;sN
(281.4): caled. C 89.65, H 5.37, N 4.98; found C 89.95, H 5.36, N
5.00

7-Azabenzo|ghilperylene (20): R; = 0.61 (AcOEt/hexane, 3:1). Yield:
98%; m.p. 237-238 °C. MS: m/z = 277 [M"], 138, 124. '"H NMR
(400 MHz, CDCl;, 25 °C): 6 = 8.03 (d, J43= 5.3 Hz, 1 H, H4), 8.08
(d, Jos = 8.8 Hz, 1 H, H6), 8.18 (dd, Ji»;; = 7.8 and, Ji5 3 =

Table 4. Crystal data and structure refinement details.

7.8 Hz, 1 H, H12), 8.24-8.19 (AB system containing unassigned
signals, 2 H), 8.37 (d, Jsc = 8.8 Hz, 1 H, HS), 8.39 (dd, Jy;12 =
7.8, Ji1a3 = 1.3 Hz, 1 H, HI1), 8.47-8.43 (AB system containing
unassigned signals, 2 H), 9.22 (d, J54 = 5.3 Hz, 1 H, H3), 9.72 (dd,
Ji3a2 = 7.8, J1311 = 1.3 Hz, 1 H, H13). C,;H ;N (277.3): caled. C
90.95, H 4.00, N 5.05; found C 90.84, H 4.02, N 5.06.

N-(2-Naphthalenemethylidene)-2-naphthaleneamine  (21):  Yield:

98%; m.p. 173-176 °C (ref. 178 °C).138l

X-ray Crystallographic Study: All crystals were mounted on a glass
fiber in air and collected at room temperature on a Bruker SMART
CCD (10 and 11) or a Bruker SMART-APEX CCD area-detector
diffractometer (12). Crystal data are reported in Table 4.

Graphite-monochromated Mo-K,, radiation (. = 0.71073 A) was
used with the generator working at 45kV and 40 mA (SMART)
or 50 kV and 30 mA (SMART-APEX). Orientation matrixes were
initially obtained from least-squares refinement on about 300 re-
flections measured in three different ® regions, in the range 0 < 6
< 23°; cell parameters were optimized on the position, determined
after integration, of all reflections above the 10c(/) level. The inten-
sity data were collected within the limits 0 < 26 < 50° in the full
sphere (® scan method), with sample—detector distances at 3.9, 3.4,
and 4.7 cm for 10, 11, and 12, respectively. 2400 Frames (at 60, 25,
and 20 s per frame for 10, 11, and 12, respectively; Ao = 0.3°) were
collected; an empirical absorption correction was applied (SAD-
ABS).3

The structures were solved by direct methods (SIR-97)1%1 and re-
fined with full-matrix least-squares (SHELX-97)#!1 on F2 on the
basis of independent reflections; anisotropic temperature factors
were assigned to all non-hydrogen atoms. Hydrogens were riding
on their carbon atoms, though whenever possible (in 12), they have
been freely refined. Location of N atoms was assumed based on
the absence of peaks at the expected position of a bonded H atom
and by the reduced skeletal bond lengths. However, all the X-ray

10 11 12
Molecular formula C21H13N C21H13N C21H13N
Temperature 293(2) K. 293(2) K. 293(2) K
Wavelength 0.71073 A 0.71073 A 0.71073 A

Crystal system, space group
Unit cell dimensions

Volume

Z, calculated density
Absorption coefficient
F(000)

Crystal size

0 range

Limiting indices

Reflections collected/unique
Rint[a]

Absorption correction
Data/restraints/parameters
Goodness-of-fit on F?

Final R indices [I > 2a(1)]!
R indices (all data)l’!
Largest diff. peak and hole

monoclinic, C2/¢
a=19.344(3) A
b=28.828(1)A

¢ =25.968(4) A

B =100.773(5)°
4298(1) A3

12, 1.295 Mgm™>
0.075 mm™'

1752

0.2x0.4%0.4 mm
2.6-23.3°

20=h =21
9=k=9

28 = /=28
18155/3098

0.0494

Sadabs

3098/52/387

1.068

R1 = 0.0596, wR2 = 0.1423
R1 = 0.0816, wR2 = 0.1562
0.29 and -0.18 e A3

orthorhombic, P2,nb
a = 8.2496(4) A

b =9.9987(5) A
c=17.22438) A

1420.75(1) A3

4,131 Mgm?

0.076 mm!

583.9

0.2%0.2x0.3 mm
2.36-23.26°

9=h=9

I=k=11

9=/=19

13768/2040

0.0346

Sadabs

2040/1/200

1.087

R1 =0.0294, wR2 = 0.0773
R1 =0.0370, wR2 = 0.0839
0.089 and —0.097 e A3

monoclinic, P2,/n
a=13.7011(8) A

b =5.9854(3) A

¢ =17.7809(1) A

B =103.972(2)°
1415.0(1) A3

4,1.31 Mgm3
0.076 mm™'

583.9

0.2x0.2%0.5 mm
1.69-29.8°
18=h=18
8§8=k=7
23=]=23
20024/3792

0.0303

Sadabs

3792/0/251

0.99

R1 = 0.0455, wR2 = 0.1192
R1 = 0.0678, wR2 = 0.1346
0.21 and —0.14 ¢ A3

[a] Rine = SIF,2 — F,Amean)[/SF.% R, = So(F,2)/XF.2. [b] Rl = S||F,| — |[FVEIF.); wR2 = {S[w(F.> — F22/Z[w(F,2)]}%5. GoF = {S/(n

P03 = (Zw(Fs? = F2P)(n — p)}°o°.
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geometries show smaller gaps between C-C and C-N pseudo-
equivalent distances compared to DFT optimizations, thus suggest-
ing the possible presence of some disorder about the molecular
pseudo-twofold axis. No attempt to assign the correct absolute con-
figuration was made for 11.

The crystal structure of 10 is more problematic. In the isomorphous
C2/c¢ form of the parent helicene, one ordered molecule is lying on
a twofold axis; at variance, 10 lacks the proper twofold symmetry
and disorder would be implied. However, we were unable to refine
this model satisfactorily. Instead, we refined a full molecule (with
half occupancy) whose center of mass is lying somewhat apart from
the twofold axis. This means that the observed disorder is not
merely substitutional. Refinement was found to be quite difficult
and became stable only after imposing a rigid conformation to the
disordered molecule (identical to that of the ordered molecule in
general position). Only in the last cycles were the rigid conforma-
tional constraints replaced by the softer restraints of the skeletal
bond lengths. The thermal factors of some C atoms were refined
only isotropically.

CCDC-232489-232491 (for 10-12) contain the supplementary crys-
tallographic data for this paper. These data can be obtained free
of charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.
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