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We have developed structurally rigid spirofluorene-indenoheterocycles involving
furan, thiophene, pyrrol, imidazole, and investigated their optical and electrochemical
properties.  Rigid spirofluorene structures can enhance planarity of m-conjugated
substructures and thereby reduce intermolecular interaction involving -7 interaction
in solid state. = Through this study, we disclosed that spiro-conjugation affects optical
properties of these compounds. Newly developed compounds, which bear high
thermodynamic stability, were applicable to near infrared dye or white-light emitting
materials.
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Figure 1. Constrained heterocyclic structures including spirofluorenes
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Scheme 1

1(X=0) 73% (X =0)
2 (X=S) 58% (X =S)

sp-FIF (X=0)81%  (c) Br sp FIF (83%), Br-sp-FIT (76%)
sp-FIT (X=S) 96%
(@ Sn sp-| FIF (70%), Sn-sp-FIT (92%),
(Y = SnBus)
Reagents and conditions: (a)(i) Mg, rt; (i) 9-fluorenone, rt to reflux. (b) HCI, AcOH, rt.
(c) NBS, DMF, rt. (d)(i) t-BuLi, -78 °C; (ii) BuzSnCl, -78 °Ctort.

Scheme 2
Br Br
X B
SONESD

95% 90% sp-FIP 63% (2 steps)

Reagents and conditions: (a)(i) n-BuLi; (ii) 9-fluorenone. (b) N-Ts-pyrrole, AICl;.
(c) (i) 3 mol% Pd(PPhg),, KoCO3; (ii) 10 % NaOH ag.
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Scheme 3
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Sn-sp-FIF or -FIT  Ar = n-conjugated aromatics bsp-FIF or bsp-FIT (dimer; Ar=none) and

FIF (3) or FIT(4)-conjugates (a~g)
Conditions: Pd(PPhs)s (2.5 mol%), toluene, 110 °C, 12 h.
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Ar products (yield)
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%z 2. bsp-FIF, bsp-FITE & U3a-g, 4a-gDEIL ELL

compounds Eqp ox (V)P compounds Eqp2, ox (V)?
bsp-FIF 0.39,0.78 bsp-FIT 0.50, 0.96
3a 0.45,0.71 4a 0.59, 0.84
3b 0.57, 0.68 4b 0.68,0.78
3c 0.46, 0.62 4c 0.57,0.74
3d 0.31,0.61 4d 0.41,0.72
3e 030,060 | 4e 0.34,0.69
3f 0.890,1.00® | 4f 0.82°

39 0.75%,0.89° 49 0.93°

@|n DCM containing 0.10 M BusNPFg vs. Fc/Fc* at 100 mV s, 2 Irreversible.

% 3. bsp-FIF, bsp-FIT$ & U3a-g, 4a-gDUV-visH K UEHIL A RS L

compounds abs? ) PL? D° compounds abs? ) PL? D
Amax (NM)  Amay (NM) Mmax (NM) Ay (NM)
bsp-FIF 382,407 412,438 079 bsp-FIT 405 444,471 029
3a 396, 420 429, 456 0.87 4a 403 441, 469 0.78
3b 390 432,459  0.89 4b 389 436, 462 0.83
3c 401, 425 434, 462 0.89 4c 404 440, 468 0.84
3d 426 468, 500 0.43 4d 434 485, 519 0.29
3e 406, 432 440, 470 0.80 de 425 465, 498 0.57
3f 348, 369 400 0.61 4 352,382 412,433 0.61
39 354, 370 404 0.58 49 365,379 411,431 0.55

2¢=1.00x10%mol L. »¢=1.00 x 107 mol L™". Excited at the absorption maximum.
¢ Determined by the calibrated integrating sphere system.

£ 4. bsp-FIF, bsp-FITH & ('3a-g, 4a-gD /3 fiRiE R L O
H T AR

compounds Ty T4 (°C) compounds Ty T4# (°C)
bsp-FIF —b,380 bsp-FIT 186, —»
3a — | 4a 201, 438
3b 182,407 | 4b 209, —»
3¢ — 5,352 | 4c 202, 398
3d —»b,383 | ad 179, 435
3e 181,380 | de 160, —b
3f —b,414 | 4f 214, 442
3g — b, 450 i 4g —b

2 Decomposition temperature at 5% weight loss mesured by TGA
under N, atmosphere. ? Not determined.
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Scheme 4

K;CO3, additive
DMF, 100 °C, 24 h
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entry ligand additive conv.(%) yield of 3a
1 PPh, none 60 39
2 PCys; none 85 53
3 PCys PivOH 100 53

4 PPh; PivOH 100 84

5 PPh, PivOH 4 trace

Conditions: sp-FIF (0.2 mmol), p-dibromobenzene (0.1
mmol), Pd(OAc), (5 mol%), ligand (10 mol%), K,CO; (0.4
mmol), additive (30 mol%), DMF (1 mL). ° Based on
sp-FIF. ¢ PivOH (100 mol%). PivOH = Pivalicacid. Cy
= cyclohexyl.
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Scheme 5

Me;Sn— O _SnMe;
r

O Br
Br a) b) OR (0.5 equiv)
s *a '

5(R=H) 94%
C,
)|: 6 (R=TMS) 96%

7 (R=TMS) 85%
o[0T

8 (R=H) 76%

dsp-DIF

Conditions: a) n-BuLi, THF/Et,O (1:1), -120 °C, 1 h. b) 9-fluorenone, -120 °C, 3 h. c)
TMSCI, EtzN, DMAP, CH,Cly rt, 13 h. d) 5 mol% Pd(PPhg),, 1,4-dioxane, 100 °C, 12 h.
e) K,CO3, MeOH, 50 °C, 48 h. f) MeSO3H, CH,Cl,, -78 °C, 1 h, 47%.

Scheme 6
Br
Br O MesSn S SnM
3 es
\_/
O on b OMOM U(0-5 equiv)
_—
7 SO0 I

dsp-DIT

Conditions: a) NaH, THF, 0 °C, 2 h. b) MOMCI, 0 °C, 3 h, 79% (2 steps).
¢) 5 mol% Pd(PPhs),, toluene, 110 °C, 87 h, 33%. d) 10% aq. HCI, ACOH,

1t, 1 h, 46%.
z

Scheme 7

X v 99 CX o 2 g o9
Q'O o'o 290

dsp-DIP-Ph

Conditions: a) n-BuLi, THF, -78 °C, 1 h. b) I, rt, 3 h. c) 3 mol% Cul, trimetylsilylacetylene, 1 mol%
Pd(PPha),, i-PiNHy, THF, 1t, 16 h, 71% (3 steps). d) KoCOs, MeOH-THF (4:1), 50 °C, 12 h, 98%. €) 0.5
equiv Cu(OAc),, 2 equiv EtN, 1,4-dioxane, 100 °C, 13 h, 94%. f) PhNHj, 25 mol% CuCl, 150 °C, 44 h.
) 10% aq. HCI, AcOH-toluene (1:1), rt, 3 h, 22% (2 steps)
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Figure 2. X-ray crystal structures of (a) dsp-DIF, (b)
dsp-DIT, and (c) dsp-DIP-Ph: (left) top view and
(right) side view. All solvent molecules and hydrogen
atoms are omitted for clarity.

£ 7. dsp L&YW D Ie b F5% (THF)

Aabs Emax [% 10° Aex Aem a
compound i ]
[nm] M ‘cm ] [nm] [nm]
dsp-DIF 348, 3.58 348 373, 0.39
367 393
dsp-DIT 356, 2.46 356 386, 0.32
373 403
dsp-DIP- 358, 2.43 358 393, 0.37
Ph 375 408

¢ Absolute quantum yield determined by a calibrated integrating
sphere system. "L 350 nm. Relative quantum yield calculated
using quinine sulfate in 0.1 M aq. H,SO; as a standard.
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Q CH,Cly, 1t, 2-6 h
sp-FIP
(2 equiv) 9a: 86% (R = NMe,); 9b: quant (R = OMe)

9c: 66% (R = Me); 9d: 54% (R = Br)
9e: 70% (R = CO,Me)

1) DDQ, CH,Cly, t, 1 h

2) EtsN, BFy"OEty, it, 3h

10a—e

10a: 74% (R = NMe,); 10b: 73% (R = OMe)
10c: 61% (R = Me); 10d: 59% (R = Br)
10e: 59% (R = CO,Me)
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@ Gold-catalysed  Cycloisomerisation
Reactions of 2-(2-Propynyl)pyridine N-Oxides
Leading to Indolizinones, Murai, M.; Kitabata,
S.; Okamoto, K.; Ohe, K. Chem. Commun.

2012, 48, 7622-7624, DOI:
10.1039/c2cc32628k.
@ Pd- and Cu-Catalyzed  One-Pot



Multicomponent Synthesis of Hetero Dimers
of Heterocycles, Murata, T.; Murai, M.; Ikeda,
Y.; Miki, K.; Ohe, K. Org. Lett. 2012, 14,
2296-2299, DOI: 10.1021/01300718x.

(® Practical synthesis of aromatic nitriles via
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2011, 655-658, DOI: 10.1055/s-0030-1259559.
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Commun. 2011, 47, 2375-2377, DOLl:
10.1039/c0cc04385k.
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46, 3366-3368, DOI: 10.1039/b924752a.
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DOI: 10.1021/j0902482n.
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