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Abstract

Ndphtho[Z 3-c]thiophene (2) has been synthesized in high yield via a facile base-catalyzed Pummerer reaction.
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Introduction

In contrast to the chemistry of benzo[c]thiophene (1) which has been well investigated,
s m~1121

very little is known about that of naphtho[2,3- Ceropnene (2)~=. It was first generated

twenty-six years ago via acid-catalyzed Pummerer reaction on sulfoxide 3 and trapped by N-
B4 Vears late

el nlaimaida T o + aht

pnenyimaiciniae i | itu Years later, it was obtained as a yeHGw solid on a cold fir nger o ‘_y’ a

pyrolytic reaction on su;femde 3. It was claimed that it was very unstable, necessitating the
. . . » [5]

determination of its nmr spectrum in CDC, at low t,-mpera.u-
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of two theoretical papers . 1nese aeail withi preaiction o1 tm: properties of a conjugated
polymer derived from 2. One of these calculations predicted that the bandgap would be close
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Ikenoue of polymerlzea 2 obtamea by the acid alumina dehydration of sulfoxide 3 provided
the experimental value of ~ 1.5 ev* ®,

In this paper, we present recent results from our laboratories concerning the facile
preparation in good yield of 2. Further transformations of 2 are also described.
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Figure 1. Crystal structure of compound 4.
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Results

The known sulfoxide 3 was treated in anhydrous THF with lithium hexamethyldisilazide
solution at room temperature when dehydration occurred very quickly and the bright yellow,
fluorescent 2 was formed. Upon work-up under an inert atmosphere 2 could indeed be
1solated as a bright yellow sohd mp ~ 60 °C (dec). In contrast to the reported observatlonm
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It was found that 2 could be dilithiated by n-BuLi in the presence of TMEDA in THF.
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Reaction of the dianion with reactive eiecrro hlies led to the isolation of several stabk
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was obtained in extremely low yield by the reaction of the dianion with ethyl formate.
(Scheme 1)
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T'he structure of by X 11 y (Figure 1). The observed
bond 1ength% are clearly in accord with the expected 2,3-naphthoquinonoid structure. For
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@ (1) Dilithiation
2
(2) HCOOEt

Scheme 1. Synthesis of 2 and its transformations.
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mteresung reacnong. It was oxidized by aﬂh"df(‘;uo ferric chlor ldC in methylene chloride to
give a dimeric product 7 in 43 % yield. Reaction of 5 with DMF-POC], replaced one silyl
group by a formyl function leading to aldehyde 8 in 84 % yield. (Scheme 2)
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Scheme 2. Transformations of 5.

Conclusion

T

I /iable synthesis of napnmou 3-c]thiophene (2) has been achieved, and it

1 COT
can be stored under an inert atmosphere in the solid state for several days. Although

dilithiation was facile, the dianion appears to react only with reactive electrophiles. In
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contrast to 2, the bis
the first exampie of

silyl derivative 5 is much more stable. Bissilyl derivative 7, represents
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a dimeric naphtho{2,3-c]thiophene system.

Experimental

General
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deposned with the Director, Cambridge Crybtallographnc Data Centre, 12 Union Road_
Cambridge, CB2 1EZ, UK.

Nnnhrl'lnf?’_? cJthio nhona (2):

To a stirred suspension of sulfoxide 3* (0.1 g, 0.49 mmol) in dry THF (15 mL) under N,
was added 1.25 mL of 1 M L'n'i‘v'u'JS SO}uuUI ’T' 1F). The mixture was surred at rt for 30
min Tt vwag nnnrad intn 1ra watar (dagacoar arnd N sgao waoe hirthhlaAd sl thic #:11 Lol
1i111i. AL wQad }_JUUICU LU ILC wdaltl \UUEGDBCU} ana 1‘ ab Wab UuUUlCU uuuugu LISy Uil Ullsllt
yellow solid (2) was formed, which was filtered and dr1 d under N,. Yield 0.06 g (66%) mp
~ 60 °C (dec). 'H-NMR 7.70 s (2H), 7.35 dd (2H, 1=9.72, 3.6 Hz), 6.93 s (2H), 6 79 dd \2“,
J=10.1, 3.24 Hz). 'H-NMR (C,D,) 7.91 s (2H), 7.56 dd (2H, J=9.72, 3.24 Hz), 7.47 s (2H),

7.00 dd (2H, J=10.08, 324 Hz). BC.NMR 138.0, 131.3, 129.1, 124.6, 119.4, 115.0. MS
(m/e)184 (m*, 100%), 152 (23), 139 (59), 117 (27), 104 (29). UV-VIS (hexane) A_,. (nm)
460 (log £ 2.77), 469 (2.67), 432 (2.72), 408 (2.49), 328 (2.50), 312 (2.50), 250 (4.12), 227
sh (3.57). HRMS Calcd: 184.03467. Found: 184.03281.

1,3-Di(ethoxycarbonyl)naphtho(2,3-c Jthiophene (4):

A stirred suspension of sulfoxide 3 (0.2 g
frejfnr] 1th 2 8§ mI f 1 K/[ T I-I\/fhc cnl n

AL Wll-ll Lvedd 11ER s UL % Ls1 LIVAR 72 OV

was then cooled to - 78 °C followed

, 2.5 mmol). The reaction mixt intair at the same temp for
and ethyl chloroformate (0. 3 mL, 4 mol) was added and stlrred for 1 h.
over crushed ice. The crude product was extracted into CH,Cl, (3x30 mL) to glve 0325 ¢
(74%) of product as an orange-red solid. Mp 209-210 °C (MeOH). 'H-NMR 9.08 s (2H),
7.87 dd (2H, J=9.72, 3.24 Hz), 7.34 dd (2H, J=10.08, 3.24 Hz), 7.54 q (J=7.2 Hz), 1.51 t
(J=7.2 Hz). UV-VIS (CH,Cl,) A, (nm) 524 (log €=3.91), 496 (3.90), 277 (3.59), 361 (3.54),
332 (3.58), 278 (4.90), 242 (4.55), 217 (4.19). MS (m/e) 328 (m", 95%), 300 (43), 283 (13),
272 (100), 228 (34), 211 (10), 199 (17), 184 (31), 171 (31), 139 (33), 127 (i2), 112 (i2).

Anal. Caled: C, 65.83%; H, 4.92%; S, 9.76%. Found: C, 65.89%; H, 4.98%:; S, 9.84%.
1,3-Di(t-butyldimethylsilyl)naphtho[2,3-c Jthiophene (5):

To a stirred suspension of sulfoxide 3 (0.2 g, 1 mmol) in 30 mL of dry THF under N, was
added 2.5 mL of 1 M LHMDS solution (THF) and the mixture was stirred at rt for 30 min.
Then it was cooled to - 78 °C followed by addition of TMEDA (0.45 mL, 3 mmol) and 2.5 M
BuLi (1 mL, 2.5 mmol). After maintaining at the same temp for 30 min, TBDMSCI (0.6 g, 4
mmol) in dry THF (20 mL) was added. The reaction mixture was slowly warmed to rt and
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poured into ice water containing NH,Cl. The crude product was extracted into Et,0 (3x40
mL). The residue from ether was then purified by passing through a short column of basic
alumina (eluent hexane). Yield 0.267 g (65. 4%), mp 121-122 °C. 'H-NMR 3.38 s (2H),

U‘v VIS (C u2 )/Lmax (nm)4/0 uog €=3. 254), 44/ (5 80), 315 (5 35), 262 (4. 86) 218 4. 08)
MS (m/e) 412 (m*, 16%), 355 (100), 341 (6), 298 (7), 283 (10), 241 (5), 209 (8), 165 (7),
AQ NN Asmal Mal A, M £OONOL. LT Q Q107.. © =7 717107 Tlassaade £ £OVOQO7 . IT Q NOAOI . ©
47 (£VU). Alldl. LdiCd. U, 0Y.0470, 11, 0.0170, O, /./ /70, rouna: o, 0Y.¥8%, H, 5.94%, O,

Naphtho[2,3-c [thiophene 1,3-dicarboxaldehyde (6):

A stirred suspension of sulfoxide 3 (0.3 g, 1.5 mmol) in 30 mL of dry THF under N, was
treated with 2.9 mL of 1.3 M LHMDS solution (THF). The mixture was stirred for 30 min.
It was cooled to - 78 °C, and dilithiated by the addition of TMEDA (0.67 mL, 4.4 mmol)
followed by BuLi (1.8 mL, 4.5 mmol). The reaction mixture was maintained at the same
temp for 30 min, treated with excess of ethylformate 2.4 mL,
30 mmol) and immediately quenched with acetic acid. Standard work up followed by
chromatographic purification led to the isolation of 0.02 g of dialdehyde 6. Mp 124-126 °C.
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L1=-INT V.10 S (o111}, 7. U3 S\ax), /.74 GG (ar1, J=7./7, 3.15 YAN U (411, J=7.00, 5 10
H»Y TIV_VIQ (CH 1Y 2 (nm) SAD (Ino ¢ 2 ARY 2Q0Q (4 AQY 28D (4 AA\ 217 (A 1Q\ LY (N
llbl. Y Y Ivg \\4112\412[ l\-max \lllll} [V hn AV \l\ls L &3 J-UU}, et S \_l' _T//, et S Lt \_l' } & L T AVE
(m/e) 240 (m*, 100%), 212 (21), 184 (38), 154 (19), 139 (10). HRMS Calcd: 40.024501.
Found: 240.023517
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A stirred solution of substrate (0.1 g, 0.24 mmol) in dry CH,Cl, (10 mL) was treated with
anhyd FeCl, (0.05 g, 0.31 mmol). The mixture was stirred at rt under N, for 20 min and
diluted thh more CH,Cl, (30 mL). The organic layer was washed with water and dried

(Na,SO,). Removal of solvent followed by chromatographic separation of the residue on silica
anl faliaante havama) anwra NNV & AF atnetineg smatacinl and NONE - T (A0 A 1774 17777 OO
1 \CIUC I HCAAIIC) ¥dVE U.UL E UL dlalullg lidlclial alld U.ULo 5 7 (0 7/0) vip 1/79=-1/7 .
H-NMR OH). 835 s (PH). 778 d (OH 1=846 Hz). 7.69 d (?H. J=8.37 Hz). 7.19 m
A ATINNiVLY Je 170 WU \Ldly J=U.,TVU llb}, .U/ \1—41.]., J V.. Lajy L4 111

, Q
(4H), 1.08 . .
341 (18), 304 (80). 273 (50), 227 (84), 212 (16), 197 (27), 181 (24), 167 (18), 153 (21), 127
(55), 123 (60). UV-VIS (CH,CL) A (nm) 488 (log € = 3.53), 464 (3.57), 259 (4.51), 232
(4.67), 219 (4.37). HRMS Calcd: 594.2266. Found: 594.2232.

Conversion of § to aldehyde (8):
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extracted into CH,Cl, (2x20 mL). The
gilica (eluent: 1:1 CH.CL: hexane) t gl
8.
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NMR 102 s (1 H), 9.12 s (1H), s
J=8.50 Hz), 7.40 t (1H, J=8.15 Hz), 7.34 t (1H, J= 80 HZ) MS (m/e) 326 (m 18%) 314
(22), 299 (25), 271 (32), 269 (49), 241 (10), 214 (24), 200 (10), 189 (40), 154 (35) 149 (29),
147 (100), 126 (50). UV-VIS (CH,CL) A, (nm) 491 (log € = 3.75), 313 (4.12), 273 (4.50),

253 (4.38), 235 (4.42), 219 (4.24). Anal. Calcd for C,;H,,08Si ® H,0: C, 66.23%; H, 7.03%;



31%. Found: C, 66.11%; H, 6.62%; S, 9.37%. HRMS Calcd: 326.1161. Found:
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