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The Synthesis of Naphthosultine and Benzodisultines and their Pyrolysis
with Dienophiles: Studies on o-Naphthoquinodimethane and
Bis-o-quinodimethane

An-Ta Wu ( 424 ), Wen-Dar Liu ( €323 ) and Wen-Sheng Chung* ( $ > 82)
Depart ment of Ap plied Chemistry, National Chiao Tung Uni ver sity, Hsinchu, Tai wan 30050, R.O.C.

Seal ed tube re ac tions of the naphthosultine 8 with aseries of elec tron-deficient dienophiles (fumaro-
nitrile, N-phenylmaleimide, dimethyl fumarate, and dimethy!| acetylenedicarboxylate) intolueneat 180 °C
gavecor responding 1:1 cycloadducts11- 14 invar i ousamountsalong with rear ranged naphthosulfolene 7in
67-95% yields. Thereaction of 1,2,4,5-tetra(bromomethyl)ben zene with Rongalite (so dium form aldehyde
sulfoxylate) and tetrabutylammonium bro midein DMF gave benzodisultines 17 and 18 inacom bined yield of
56%. Seal ed tubereactionsof benzodisultines17 and 18 with aseriesof dienophilesin xyleneat 200 ~C gave
cor responding 1:1and 1:2 cycloadducts20-27. Theresultssug gested that ther mal ex trusion of sul fur di oxide
from these sultines led to ei ther o-naphthoquinodimethane 6 (from 8) or bis-0-quinodimethane 19 (from 17
and 18); subsequenttrap ping of thesereactiveinter medi atesby dienophilesand SO, gavevariousl:1and 1:2

Diels-Alder ad ductsinmodesttoex cel lentyields.

INTRODUCTION

Much at tention hasbeen fo cused on the synthesisof
polycyclic com poundsusingo-quinodimethane (0-QDM) 1
anditsanalogues, and numer ousmeth odsfor thegener ation
of the o-QDM inter medi ateshavebeendevel oped.! Among
them are ring-openings of benzocyclobutenes’ 2,1,4- eli mi-
nation of ct, ci'-disubstituted o-xylenes 3,% andvari ous*“ ex tru-
sion” reactionsinvolvinglossof asmall mol ecule.* For ex-
ample, lossesof N, from diazene 4or SO, from sulfolene’® 5
have been shown to lead to the o-QDM intermedi ates.
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In a pi o neeringwork by Cavaand cowork ers,® the
naphtho an alogueof 0-QDM 6 wasgen er ated using SO ex-
trusionfromsulfolene 7; how ever, areactiontem per atureof
300 =C wasre quired! The naphthoquinodimethane 6 was
later re ported by Wirz et. al. using adiazene-precursor,® but
thediazenecom pound wasun stableand had to bekept under
-40 =C. Fur ther more, anintractablemix tureof prod uctswas
ob tained in deaerated so |u tion of the diazene com pound.

Thus, finding an easy, high-yield method for generating
naphthoguinodimethane 6 and afur ther ex tensionto bis-o-

QDM areof particularinter ests. Recently wedescribed’ the
gener ationof aseriesof heteroaromatico-QDMs, by ther mal

ex trusionof SO.fromcor responding sultines, andex plored
their appli cationinDiels-Alder reactionswith dienophiles
including[60]fullerene. Thead vantagesof using sultinesare
(1) their thermolysisoc cursat amuchlower tem per aturethan
that of cor responding sulfolenes,”® and (2) they are usu ally
stable aboveroomtem per ature. Were port here our work on

the syn thesisof naphthosultine8 and benzodisultines 17 and

18 and their applications in Diels-Alder reactions with
alkenesand al kynes.

RESULTS AND DISCUSSION

Naphthosultine 8 isreadily synthesized in three steps
from 2,3-naphthal ene-dicarboxylate with an over al yield of
42%, as shown in Scheme I. The 2,3-di(bromomethyl)naph-
thalene10was ob tained in 70% yield by bromination of the
naphthodiol 9, and the diol was ob tained in 96% yield from a
lithium alu mi num hy dridereduction of thedicarboxylate.
Sub sequent treat ment of the dibromide 10 with Rongalite®
(sodium formaldehyde sulfoxylate) and tetrabutyl ammo
nium bro mide (TBAB) in DMF gave the de sired sultine 8 in
63%. Sealed tube re ac tions of the naphthosultine 8with out
andwith 1.2 equiv. of var i ouselec tron-deficient dienophiles
(fumaronitrile, N-phenylmaleimide, dimethyl fumarate, and
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dimethyl acetylenedicarboxylate) into lu ene at 180°C gave
therear ranged naphthosulfolene 7 and corresponding 1:1
cycloadducts 11-14 in 67-95% yields (see Scheme ). In the
ab sence of quencher, naphthosultine 8 under went ather mal
rear rangement to givethe naphthosulfolene 7 in 84% yield.
In con trast, 7wasre ported®*to undergo ther mal ex trusion of
SO, in a boiling diethyl phthalate solution (300 #C) and
formed the naphtho[b]cyclobutene 15 in 60% yield. The con-
comi tant for mation of Diels-Alder ad ducts 11-14 and sul-
folene 7inall reactionsimpliesthat reactiveinter medi ate
naphthoquinodimethane 6 wasprob ably formed but wasthen

Scheme I Where NPM is N-phenylmaleimide,
DMAD isdimethyl acety lene-
dicarboxylate, and DMF isdimethyl
fumarate
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trapped el ther by SO; or by dienophiles. Con sequently, higher
yields of the Diels-Alder ad ducts 11-14 were ob tained if ex-
cess amounts of dienophiles or stron ger dienophiles (such as
N-phenylmaleimide vs. dimethyl fumarate or dimethyl ace-
tyl enedicarboxylate) were used.

Benzodisultines were syn the sized in two steps from
1,2,4,5-tetramethylbenzene (see Scheme 111). Standard
bromination of 1,2,4,5-tetramethylbenzene by NBS in chlo-
roformgave 1,2,4,5-tetra(bromomethyl)ben zene 16 in 60%
yield. Subsequent treatment of tetrabromide 16 with 5.5
equiv. of Rongalitegavethedesired benzodisultinesasamix-
ture of diastereomers 17 and 18in 56% yield. Due to the co-
ex istence of two chiral centersand tworegio posi tions of
disultines, at | east four diastereomeric prod uctsare ex pected.
H NMR Spec tra of the mix tures of disultines were quite
com plex but their struc tures could berec og nized by the char-
acteristicAB quartet pat ternsof thediastereotopicmethylene
pro tons of each sultinering.” We used the mix ture of benzo-
disultinesfor all the sealed tubetrap ping ex peri mentsshown
in Scheme 1V. Al though benzosultinewasreactiveat ca. 100
=C,®thereaction of benzodisultinesat thistem per aturewas
slug gish; therefore, all thethermolysisand trap ping ex per i
mentswere car ried out at 200*Cfor 10 min.

Scheme |11
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Sincetherearetwo sultineringsin abenzodisultine (17
or 18), inprinci ple, theserings can be cleaved by asi mul ta-
neousor astepwisesequential mechanism.® It is thus not sur-
prising for us to see two types of prod ucts formed in the
seal ed tube re ac tion of benzodisultinewith aseries of elec-
tron-deficient dienophiles (Scheme V). When tetracyano-
ethylene (TCE) was used as dienophile, only dou ble Diels-
Alder adduct 23 wasformedin 63%yield; theyieldissimi lar
tothat re ported by Vogel et al **for thesequential trap ping of
7-oxa[2.2.1] hericene 28. Theratio for the two rate con stants
k. and k, of thetwo suc cessive Diels-Alder reac tions of 28
with TCE wasfound to bearound 21. Fur ther more, theratios
of ki/k, for the reaction of 2,3,5,6-tetramethylidenebicy
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Scheme |V Wheretheabbrevi ationsarethesameas
those used in Schemell, DEFisdi ethyl
fumarate, and TCE istetracyanoethylene
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clo[2.2.1]heptane with a se ries of dienophiles are ca. 250-
376,2whichwererational ized by Vogel to beduetothegreat
dif fer encesinexothermicity betweentwo successiveDiels-
Alder reactions. Thepy rol y sisof benzodisultinewith other
dienophiles(includingN-phenylmaleimide, di ethyl fumarate
and dimethyl acetylenedicarboxylate) gave both 1:1 and 1:2
Diels-Alder ad ductsin about 1~2 ratio. Al though there are
competi tivetrap pingsof SO2 and dienophile in both ends of
the benzodisultine, the abovere sultsin di cated that they ei-
ther reactin depend ently, or they do not inter ferewith each
other much; therefore, two successiveDiels-Alder reaction
productsaresimilarinyields. Itisim por tant to notethat due
totheex istence of asulfolenegroupinad ducts (20, 22, 25,
and 27), one can still add in an other function al ity through a
second stageDiels-Alder reaction.’® Thus, benzodisultine is
use ful for the syn the sis of multifunctional polycyclic com-
pounds.

CONCLUSION

Naphthosultine 8 and benzodisultines (17 and 18) were
readily synthesizedandtheir appli cationinDiels-Alder reac-
tionswith aseries of elec tron-deficient dienophiles arere-
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ported. Theresultssug gestedthat ther mal ex trusion of sul fur

di ox idefromthesesultinesledtoreactiveo-naphtho quinc
dimethane 6 and bis-0-QDM 19, sub sequent trap ping of these
reactiveinter medi atesby dienophilesor SO, gavevarious1:1
and 1:2 Diels-Alder ad ductsin mod est to ex cel lent yields.

The bis-0-QDM issyntheti cally useful for polycyclic com

poundswithdif fer entfunctionalities.

EXPERIMENTAL SECTION

General

Meélting pointsweredeter mined onaY anacaM P-500D
meltingpointapparatusandareuncorrected."H NMR spectra
were re corded at 300 MHz NMR, **C and DEPT were re
corded at 75.4 MHz, and thechem i cal shiftsarere portedin
partsper mil lion (&) inval uesrel ativeto CDCl; (& = 7.25 for
pro ton and 77.00 ppm for car bon) or tetramethylsilaneasin
ternal standard. Cou pling con stantsarere ported in hertz
(H2). Mass spec trawere re corded on aV G-Trio 2000 spec-
trometer. High-resolution mass was recorded on a Jouel
JMS-HX110 or aJMS-SX/SX 102A spec trom eter of thein-
strument center of National Tsing-Huaand National Chung-
HsinUni ver sity. C,H, N combustionanal y sesweredeter
minedonaHeraeusanalyzer andall analyzed compoundsare
within £0.4% of thetheoreti cal valueunlessother wiseindk-
cated. Col umn chromatog raphy wasper formedonsil icagel
of 70-230 or 230-400 mesh from E. Merck. The prep aration
of 1,2,4,5-tetra(bromomethyl)benzene 16 fol lowed aliter &
tureprocedure. ™

[3-(Hydroxymethyl)-2-naphthylmethanol 9

Toastirred solutionof LiAlH, (0.89 g, 22.5 mmoal) in
THFunder N, at 0°C was added dimethyl 2,3-naphthalene-
dicarboxylate (1.00 g, 4.10 mmol). The so lution was stirred
for 30 min, and then acid i fied with 30% H,SO,. Theprecipi
tatewasfil tered of f and thefil tratewasex tracted with CH,Cl
(2x25mL). Thesolutionwascon centrated under reduced
pressureandtheresi duewaspuri fied by col umnchromatog
raphy (SiO», EtOAc/hex ane, 1:3) to giveawhite solid9 (0.74
g, 96%): mp 160-161 “C; *H NMR (300 MHz, CDCl;) &
7.82-7.85 (m, 4H), 7.48-7.52 (m, 2H), 4.91 (s, 4H), 2.96 (s,
2H); ®*C NMR (75 MHz, CDCly) fi 136.94 (Cy), 133.16 (Cy),
128.81 (CH), 127.68 (CH), 126.51 (CH), 64.62 (CH2); MS
(El) 188 (M", 54), 170 (100), 141 (83); HRMS (El) calcd for
C12H1,0,: 188.0838, found 188.0846.

2,3-Di(bromomethyl)naphthalene1d?
Toastirredsolutionof 9(1.00 g, 5.32 mmol) in CH,Cl,
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(15mL) wasadded PPhsBr, (0.82 g, 2.54 mmol). Themix ture
was stirred at room temperature. After 10 h, a saturated
NaHCO3 so lu tion (20 mL) was added to the mix ture and the
aque ous phasewas ex tracted with CH2Cl2 (2 25 mL). The
combinedor ganicextractsweredried (MgSO,) and then con-
centrated under reduced pressure. Theresi duewaspuri fied
by col umnchromatography (SiO,, EtOAc/hex ane, 1:3) to
give awhite solid 10 (0.46 g, 70%): mp 116-118-C; fiy 7.85
(s, 2H), 7.82-7.77 (m, 2H), 7.52-7.48 (m, 2H), 4.88 (s, 4H);
fic 133.76 (C,), 133.29 (C,), 130.79 (CH), 127.75 (CH),
127.24 (CH), 31.07 (CH); MS (El) 316 (M", 9), 314 (25),
312 (13), 235 (100), 233 (91), 152 (39), 154 (94), 155 (13);
HRMS (El) calcd for CroHio™Br2 311.9149, found 311.9153.
Anal. Calcd for CioH10Br2: C, 45.90; H, 3.21. Found: C,
45.79; H, 3.46.

3,4-Dihydro-1H-31*-naphtho[2,3-d][ 1,2] oxathiin-3-one
(naphthosultine) 8

A solutionof 10 (0.5¢g, 1.6 mmol), sodiumformal de-
hyde sulfoxylate (Rongalite) (0.78 g, 5.08 mmol) and tetra-
butylammonium bro mide (TBAB) (0.82 g, 2.54 mmol) in
DMF (10 mL) was stirred at rt for 3 h. The mix ture was di-
luted with H,O (10 mL) and extracted three times with
CH.Cl>. The or ganic layer was dried over MgSO., and then
concentrated under reduced pressure. Theresi duewaspuri-
fied by col umnchromatography (SiO,, EtOAc/hex ane, 1:3)
to give awhite solid 8 (0.22 g, 63%): mp 167-169 “C; &
7.86-7.80 (m, 4H), 7.57-7.53 (m, 2H), 5.52, 5.15 (ABq, J =
13.3Hz, 2H), 4.69, 3.77 (A'B'q, J = 15.2 Hz, 2H); #c 133.13
(Cy), 132.38 (Cy), 131.67 (Cq), 128.61 (CH), 127.73 (CH),
127.54 (CH), 126.77 (CH), 126.69 (CH), 125.04 (CH),
124.51 (C,), 64.05 (CH), 58.41 (CH,); MS(EI) 218 (M", 6),
154 (100), 149 (11), 139 (10); HRMS (El) calcd for Cy,H100,S
218.0402, found 218.0397. Anal. Calcd for C12H100:S: C,
66.03; H, 4.62. Found: C, 65.94; H, 4.98.

General Procedure for the Trapping Experiments of
Naphthosultine 8 with Dienophiles such as Fumaronitrile,
N-Phenylmaleimide, Dimethyl Acetylene-Dicarboxylate,
and Dimethyl Fumarate

A solution of naphthosultine 8 (50 mg, 0.23 mmol),
with or with out re spectivedienophiles(0.28 mmol), intolu-
ene (3 mL) was heated at 180°Cin asealed tubeunder N for
4h. Thesol vent wasevap o rated un der vac uum, and theresi-
duewassubjectedtosil icagel chromatog raphy using hex-
ane/ethyl ac etate (3:1) asthe eluent. Naphthosulfolene 7 was
ob tained in 84% yield (no quencher). For the trap ping of
naphthoquinodimethane 6, therespectiveyieldsare: fumaro-
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nitrile, 78% of 11 (41.6 mg) and 15% of 7 (7.5 mg); N-
phenylmaleimide, 90% of 12 (68 mg) and 5% of 7 (2.5 mg);
dimethyl acetylenedicarboxylate, 54% of 13 (37 mg) and
26% of 7 (13 mg); and dimethyl fumarate, 47% of 14 (32 mg)
and 20% of 7 (10 mg).

2,3-Dihydr 0-1H-2*8-naphtho] 2,3-Jthiophene-2,2-dione
(naphthosulfolene) 7

A white solid; mp 254-255°C (1it.*® 254-256 “C): fix
7.80-7.84 (m, 4H), 7.26-7.55 (m, 2H), 4.52 (s, 4H); 5 133.06
(Cy), 128.90 (Cy), 127.73 (CH), 126.97 (CH), 125.36 (CH),
56.51 (CH.); MS (El) 218 (M", 22), 154 (100); HRMS (El)
caled for C1oH100,S: 218.0402, found 218.0403. Anal. Calcd
for C12H100:S: C, 66.03; H, 4.62. Found: C, 65.72; H, 4.85.

1,2,3,4-Tetrahydro-2,3-anthracenedicar bonitrile 11

A white solid; mp 198-200°C; &y 7.30-7.80 (m, 6H),
3.20-3.60 (m, 6H); fic 132.60(C,), 128.20 (C,), 127.68 (CH),
127.29 (CH), 126.41 (CH), 118.57 (C), 30.87 (CH.), 29.08
(CH); MS (El) m/z232 (M*, 100), 154 (47); HRMS calcd for
Ci6H12N2 232.1560, found 232.1594.

2-Phenyl-2,3,3a,4,11,11a-hexahydr o-1H-naphtho[ 2,3-f]-
isoindole-1,3-dione 12

A white solid; mp 231-232 =C (1it.5# 230-233 =C); &y
6.60-7.70 (m, 11H), 3.31-3.52 (m, 4H), 3.00-3.12 (m, 2H); fic
178.43 (&), 132.85 (Cy), 132.78 (Cy), 131.54 (Cy), 128.94
(CH), 128.5 (CH), 127.43 (CH), 126.38 (CH), 126.25 (CH),
125.76 (CH), 40.25 (CHs), 30.1 (CHy); MS(El) m/z327 (M*,
93), 179 (100); HRMS (EI) calcd for C22H1702N 327.1260
found 327.1255.

Dimethyl 1,4-dihydro-2,3-anthracenedicar boxylate 13

A white solid; mp 132-134"C; &y 7.43-7.90 (m, 6H),
3.90 (s, 4H), 3.85(s, 6H); fic 168.10 (C), 133.82(Cy), 132.40
(Cy), 130.42 (Cy), 127.21 (CH), 126.17 (CH), 125.70 (CH),
52.43 (CHs), 31.73 (CH2); HRMS (ElI) calcd for CigH1604
296.1049, found 296.1048. Anal. Calcd for CigH;¢0,: C,
72.96; H, 5.44. Found: C, 72.78; H, 5.50.

Dimethyl 1,2,34-tetrahydro-2,3-anthracenedicarboxylate
14

A white solid; mp 114-115 =C; &y 7.36-7.60 (m, 6H),
3.69 (s, 6H), 3.60-3.20 (m, 6H); &c 173.34 (C), 132.41 (Cy),
132.22 (Cy), 127.10 (CH), 127.06 (CH), 125.35 (CH), 52.03
(CH3), 40.80 (CH), 29.85 (CH,); MS (El) nvz 298 (M*, 25),
238 (59), 459 (80), 180 (18), 179 (100); HRMS (El) calcdfor
CisH 1504 298.1205, found 298.1207.
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1,2,4,5-Tetra(bromomethyl)ben zene 16
A whitesolid;* mp 150-152 =C; fi, 7.38 (s, 2H), 4.60 (s,
8H); fic 137.58 (Cy), 133.58 (CH), 28.66 (CHy).

4,6,7,9-Tetrahydro-1H,3H-344 7-4-[1,2] oxathiino[5' 4":4,5]-
benzo[d][1,2]oxathiine-3,7-diones 17 and 18

A solutionof 16 (1.0 g, 2.22 mmol), Rongalite (1.71 g,
11.20 mmol) and TBAB (0.36 g, 1.12 mmol) in DMF (10 mL)
wasstirred at rt for 6 h. Themix turewasdi luted with H,O (10
mL ) and ex tracted threetimeswith CH,Cl,. Theor ganic layer
was dried over MgSQOs. Evap oration of thesol vent andthe
resi duewaspuri fied by col umnchromatography (EtOAc/
hex ane, 1:3) togiveamix tureof 17 and 18 (0.32 g, 56%). 17
and 18: &y 7.11-7.17 (m, 4H), 4.97, 5.30 (A'B’q, J = 13.8 Hz,
8H), 4.40, 4.30 (ABq, J=15.0Hz, 4H), 3.62,3.56 (A'B'q, J=
15.0 Hz, 4H); &c 133.32 (Cq), 132.83 (Cy), 131.54 (CH),
131.02 (CH), 127.14 (CH), 126.74 (C), 126.12 (Cy), 125.54
(Cy), 123.06 (CH), 122.80 (CH), 62.40 (CHy), 62.32 (CH,),
56.31 (CHy), 55.64 (CH2); HRMS (El) calcd for CioH1004S,
258.0021, found 258.0019.

General Procedure for the Trapping Experiments of
Benzodisultines 17 and 18 with Dienophiles such as
Fumaronitrile, N-Phenylmaleimide, Tetracyanoethylene,
Dimethyl Acetylenedicarboxylate, and Diethyl Fumarate
A solution mix ture of benzodisultines17 and 18 (40
mg, 0.16 mmol), with re spec tivedienophiles(0.93mmoal), in
xylenes (3 mL) was heated at 200°Cinasealedtubeunder N,
for L0 min. The sol vent wasevap o rated un der vac uum, and
theresi duewassubjectedtosilicagel chromatography using
hex ane/ethyl ac etate (from 2:1to 8:1) asthe eluent. Re spec-
tiveyieldsfor thetrap ping ex per i mentswith var i ousdieno-
philesaresummarizedin SchemelV.

2,2-Diox0-2,3,5,6,7,8-hexahydr 0-1H- 2+’-naphtho[ 2,3<]-
thiophene-6,7-dicarbonitrile 20

41% yield; awhite solid, mp 228-229°C; &y 7.14 (s,
2H), 4.34 (s, 4H), 3.46-3.33 (m, 4H), 3.21-3.15 (m, 2H); iic
131.11 (Cq), 130.82 (Cg), 126.71 (CH), 118.00 (C,), 56.46
(CH), 29.92 (CH;), 28.02 (CH); MS (EI) vz 272 (M", 2),
208 (100), 130 (15), 117 (22). HRM Scalcd for C 14H1,N,0,S:
272.0620, found 272.0622.

2,8-Diphenyl-1,2,3,3a,4,6,6a,7,8,9,93,10,12,12a- T etr adeca-
hydropyrrolo[ 3',4":6,7]napht ho[2,3-f]isoindole-1,3,7,9-
tetraone 21

16% yield, awhite solid; mp > 270 =C; &y 7.16-7.09 (m,
8H), 6.83-6.80 (m, 4H), 3.41-3.39 (m, 4H), 3.20-3.14 (m,
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4H), 3.02-2.96 (M, 4H); ic 178.27 (Cy), 134.22 (C;), 131.40
(Cy), 128.89 (CH), 128.47 (CH), 127.40 (CH), 126.22 (CH),
40.17 (CH), 29.42 (CH2); MS (El) m/z 476 (M*, 71), 328
(100), 179 (51), 165 (51).

7-Phenyl-1,2,3,5,5a,6,7,8,8a,9-decahydr o-2}°-thieno-
[3',4".4,5]benzolf]isoi ndole-2,2,6,8-tetr aone 22

14% yield, awhite solid; mp 240-241-C; fy 6.79-7.33
(m, 7H), 4.25 (s, 4H), 2.89-3.44 (m, 6H); &ic 178.03 (Cy),
136.12 (Cy), 131.42 (Cy), 130.39 (Cy), 129.15 (CH), 128.78
(CH), 126.20 (CH), 125.56 (CH), 56.66 (CH.), 39.86 (CH),
29.80 (CHz): MS (El) miz 367 (M*, 10), 335 (100), 179 (21).

1,2,3,4,5,6,7,8-octahydr oanthracene-2,2,3,3,6,6,7,7-otacar -
bonitrile 23

63% yield, abrown solid; mpz= 270%C (lit.%*> 200=C);
"HNMR (300MHz, acetone-ds) &in 7.48 (s, 2H), 4.25 (s, 8H);
3CNMR (75MHz, acetone-ds) & 130.76 (CH), 127.58 (Cy),
111.78 (Cy), 39.71 (Cy), 34.66 (CH2); MS (El) vz 386 (M*,
8), 258 (100). HRMS calcd for C,,H1oNg 386.1031, found
386.1004.

Tetramethyl 1,4,5,8-tetrahydro-2,3,6,7-anthr acenetetra-
car boxylate24

22% yield, awhite solid; mp 206-208 “C; *H NMR (300
MHz, CDCls) &y 6.97 (s, 2H), 3.83 (s, 12H), 3.68 (s, 8H); °C
NMR (75 MHz, CDCl5) fic 168.06 (C,), 133.29 (C,), 130.13
(Cy), 127.20 (CH), 52.38 (CH ), 31.04 (CH,); MS (El) m/z
414 (M*, 7), 382 (100), 323 (23), 263 (17), 178 (41).

Dimethyl 2,2-dioxo-2,3,5,8-tetr ahydr o-1H-2*8-naphtho-
[2,3-c}t hiophene-6,7-dicar boxylate 25

49% yield, awhite solid, mp 210-211 °C; & 7.13 (s,
2H), 4.33 (s, 4H), 3.84 (s, 6H), 3.72 (s, 4H); fic 167.65 (Cy),
132.85 (Cy), 132.63 (Cy), 129.79 (Cy), 125.44 (CH), 56.55
(CH,), 52.45 (CH3), 31.24 (CH,); MS(EI) mz 336 (M*, 8),
304 (100), 277 (42), 239 (82), 212 (52), 181 (45), 154 (65).
HRMS calcd for C16H1605S 336.0668, found 336.0613.

Tetraethyl 1,2,3,4,5,6,7,8-octahydro-2,3,6,7-anthr acene-
tetracarboxylate 26°

40% yield, awhite solid; mp 142-144°C; *H NMR (300
MHz, CDCls) &y 6.83 (s, 2H), 4.18 (g, J = 7.2 Hz, 8H),
3.11-2.89 (m, 12H), 1.28 (t, J= 7.1 Hz, 12H); *C NMR (75
MHz, CDCls) &ic 174.35 (Cq), 131.95 (Cy), 128.34 (CH),
60.73(CH,), 42.16 (CH), 31.33(CH,), 14.11 (CH5); MS(EI)
m'z 474 (M*, 12), 400 (30), 355 (15), 326 (37), 281 (25), 253
(29), 179 (100). HRMS calcd for CoeHasOg 474.2254, found



82 J. Chin. Chem. Soc., Vol. 49, No. 1, 2002

474.2239.

Di ethyl 2,2-dioxo-2,3,5,6,7,8-hexahydr 0-1H-2+°-naphtho-
[2,3-c]thiophene-6,7-dicar boxylate 27

42% yield, awhite solid; mp 127-128°C; 'H NMR (300
MHz, CDCl3) &4 7.06 (s, 2H), 4.30 (s, 4H), 4.17 (q, 7.2, 4H),
3.18-2.95 (m, 6H), 1.28 (t, J = 6.9 Hz, 6H); **C NMR (75
MHz, CDCls) fic 173.84 (C,), 135.02 (C,), 129.20 (Cy),
125.95 (CH), 60.95 (CH,), 59.56 (CH), 41.62 (CH), 31.17
(CH,), 14.10 (CHs); MS(EI) m/z 366 (M*, 13), 321 (19), 292
(60), 228 (80), 155 (100). HRMS calcd for GigHz:06S
366.1137, found 366.1137.
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