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0 Cyclodehydrogenation is an essential reaction for synthesizing polycyclic aromatic hydrocarbons, polycyclic
heteroaromatic compounds, and nanographenes. Among those, anionic cyclodehydrogenation using potassium
metal in a large amount of solvent is the irreplaceable reaction that construct rylene structures from binaphthyl
derivatives, and thus has attracted synthetic chemists because of its usefulness and a lack of alternative methods.
However, current methods incur risks such as the pyrophoricity of potassium and requirement of heating, long
reaction time and a large amount of organic solvent under an inert gas atmosphere, making them difficult to
implement both in laboratory and industry due to a lack of practicality, scalability, and applicability. This paper
reports the first anionic dehydrogenative cyclization mediated by lithium metal by a mechanochemical method
and the development of an efficient synthetic method for nanographenes. The reported reaction is safe and easily
performed using metal lithium wire, which is easy to handle at room temperature in an air atmosphere, and the
1,1-binaphthyl reaction completes within thirty minutes, giving a 94% yield for perylene. Furthermore, the reaction
allows solid-to-slurry reactions with minimum use of solvent as stoichiometric additive levels, providing a cost- and
environment-friendly method as compared to conventional reactions in organic solvents. We applied this new user-
and eco-friendly synthetic approach to investigate a substrate scope, reaction mechanisms, and gram-scale syntheses
in the cyclodehydrogenation of various biaryl compounds. We also utilize quantum-chemical calculations and nuclear
magnetic resonance analyses to verify the remarkable applicability and practical extension of the proposed method
to conventional in-solution synthetic methods, as well as the limitations of reaction. Finally, we demonstrate the
synthesis of a novel nanographene by simultaneous cyclodehydrogenation at multiple reaction points, in particular
efficiency in the synthesis of quinterrylene ([5]rylene), the longest unsubstituted rylene, which had not previously
been synthesized due to its insoluble property.
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THF (12 eq.) ‘
1.5 mL stainless jar
1 x 7 mm stainless ball OO
ball milling (30 Hz)

25 °C, 30 min, under air

1,1’-binaphthyl (1a) then I, (0.25 M in THF) peryleng (2a)
[0.20 mmol] [94% yield]

Entry  Deviation from the standard conditions Yield
1 None 94%
2 Reaction time: 1 min 9%
3 Reaction time: 5 min 91%
4 Li (3 eq.) instead of Li (6 eq.) 81%
5 THF (6 eq.) instead of THF (12 eq.) 62%
6 w/o THF 43%
7 THF (30 eq.) instead of THF (12 eq.) 95%
8 NEts (12 eq.) instead of THF 94%
9 TMEDA (12 eq.) instead of THF 95%
10 Et20 (12 eq.) instead of THF 88%
11 Naphthalene (1.0 eq.) instead of THF 70%
12 DMAN (1.0 eq.) instead of THF 75%
13 K (6 eq.) instead of Li (6 eq.) 49%
14 Na (6 eq.) instead of Li (6 eq.) 28%
152 K (3.0 eq.), THF, 85 °C, under argon, 12 h quant
16° Li (30 eq.), THF (4.0 mL),25°C, 2 h 0%
17° Li (30 eq.), THF (4.0 mL), 50 °C, 2 h 0.03%
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Li (3-12 eq.)
THF (6-24 eq.)
1.5 mL stainless jar
1 x 7 mm stainless ball

0.1|0 mnlwl

ball milling (30 Hz)
20-25 °C, 30 min, under air;
then I, (0.25 M in THF, 4 mL)

%

r = naphthalene-1-yl, R = H: (1a)
= 4-phenylnaphthalene-1-yl, R = Ph: (1b)
= phenanthrene-9-yl, R = H: (1¢)

r =H: (1d)
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A
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r = phenanthrene-9-yl: (1e)

_ : Ar = pyrene-1-yl: (1i)

r = chrysene-6-yl: (1f) O‘ r = isoquinoline-1-yl: (1r)
r = pyrene-1-yl: (1h) isoquinoline-8-yl: (1s)
r = isoquinoline-8-yl: (1p)

r = isoquinoline-1-yl: (1q)

oy
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standard
conditions
— T O
low
conversion
of 1v

Ph Ph Ph
2v 2v
v n.d n.d
B standard
conditions
_—
low
conversion
of Tw
1w 2w

—_
full
conversion
of Tw”

conditions yield
Li (6 equiv), THF (12 equiv), 25 °C, 30 min 29%
Li (6 equiv), THF (12 equiv), 71 °C, 30 min 10%

Na (6 equiv), THF (12 equiv), 71 °C, 30 min 25%
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R

Pd(OAc), (15 mol%)
O ‘O PPhj (30 mol%)
5 (4.0 equiv)
OO Cs,CO; (6.0 eq.)
R ‘ toluene/H,O =10 : 1
O R 110°C, 18 h

- : Bpin |
4 (R=H) :lrefzgc: O pi

4"(R=Br

Li (24 eq.)
THF (48 eq.)
1.5 mL stainless jar
1 x 7 mm stainless ball

ball milling (30 Hz)
71°C,2h;
then
I, (0.25 M in THF)

OO 1.Li% (60 eq.)

THF (118 eq.)

ball milling (30 Hz)
OO 71 °C, 3 h, under Ar

then I, (0.25 M in THF)
OO 2.AICl3 (8.0 eq.)

chlorobenzene
Oe 80 °C, 30 min

A

i quinquenaphthalene 8

[0.0500 mmol scale]

quinterrylene ([5]rylene)
(9)

6.9 mg (22%)
insoluble in any solvents
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