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Asymmetric Synthesis of Dibenzohelicenes via Nickel-Catalyzed Intramolecular
Cyclization of Triynes Using Helically Chiral Polymer Ligands
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In the presence of poly(quinoxaline-2,3-diyl)-based helically chiral
phosphine ligand (PQXphos), nickel-catalyzed intramolecular [2+2+2] cycloisomerization of triynes
afforded optically active dibenzohelicenes with higher enantioselectivities than those of
low-molecular-weight chiral phosphine ligands. Reversal of the enantioselectivity of PQXphos was
investigated by changing the substituents on the phosphorous atom. Although (P)—PQX?hos bearing
phenyl group afforded (-)-helicenes up tp 86% ee, (P)-PQXphos bearing 4-ethoxyphenyl group afforded
enantiomeric (+)-helicenes up to 91% ee. The obtained chiral dibenzo[6]helicenes showed circular
dichroism spectra and circular polarized luminescence properties based on the helical structure. The

absolute configuration of chloro-substituted dibenzo[6]helicene was determined by single crystal
X-ray structure analysis.
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Table 1. Nickd-Catalyzed Asymmetric
Cycloisomerization of 1a

Ni(cod), (4.3 mol%)
N Ligand (8.6 mol% P)

THF,it, 3-24 h O
2a

Entry  Ligand (Ar) % Yield® % ee’
1* Lla(Ph) - 65 ()
2 L2a(Ph) 93 39 ()
3 L2b (4-MeOC¢H,) >99 48 (-)
4 L3a(Ph) 82 54 (<)
5 L3b(3,5-Me,CsH,) - 30 ()
6 L3c(2-Nap) - 54 (+)
7 L3d (4-MeCgH,) - 50 (+)
8 L3e(4-CF;5CqHy) - 48 (+)
9  L3f (4-MeOC¢H,) 93 69 (+)
10 L3g(4-EtOC¢H,) 95 73 (+)
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Figure 1. Chiral phosphine ligands

?[Ni(cod),] (20 mol%) and L 1a (40 mol%) were used.
"NMR yield of 2a “Not measured. ‘Determined by
HPLC with chiral stationary phase.
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Table 2. Substrate Scopé®

Ni(cod), (4 mol%)

(P)-(R)-PQXphos (4.4 mol% P)
MTBE/THF =4/1
-30°C,18h

2a 2b
L3a: 65%, 83% ee (—
L3g: 73%, 88% ee (+

-
&)
]
®
2
=
=3
2
X
@
@
|

9%
=50
%

MeO,C

N
o

L3a: 66%, 77% ee
L3g: 79%, 87% ee
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L3a: 78%, 86% ee (-)
L3g: 86%, 88% ee (+)
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L3a: 82%, 79% ee (-)
L3g: 88%, 89% ee (+)

L3a: 83%, 75% ee (-)
L3g: 84%, 85% ee (+)
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L3a: 16%, 19% ee (-)
L3g: 46%, 81% ee (+)
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L3a: 52%, 74% ee (-)
L3g: 81%, 63% ee (+)

% (0.1 mmol), Ni(cod), (4 umol), and
PQXphos (4.4 umol P) were stirred in THF
(0.4 mL) and 'BuOMe (1.6 mL) at —30 °C for
18 h. °NMR yield. “Determined by chiral
HPLC analysis.
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Figure 2. ORTEP diagram of (M)-(-)-2e
Hydrogen atoms are omitted for clarity.
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Figure 3. (a) CD spectra of (P)-(+)-2ein THF.
(b) CPL spectra of (P)-(+)-2ein THF.
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