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Abstract. 2,3-Dimethylene-2,3-dihydrothiophene (11, the  thiophene analog of o-xylglene (o- 
quinodimethane), was generated in situ from the (trialkylammoniomethyl)-(trimt:thylsilyl- 
methy1)thiophene iodides 4 o r  S by fluoride-induced 1,4 elimination, and was trapped by [4 + 21 
cycloadditions with a series o f  dienophiles. The  reaction of 1 with dimethyl fumarate was 
considerably faster than with dimethyl maleate. Unsymmetrical dienophiles gave mixtures o f  
regio-isomers. In the absence of  dienophiles, 1 formed [4 + 21 spiro dimers, o f  which 15a is the 
major component, as determined by 'H-NMR comparison with a tetradeutero analog o f  15a. T h e  
syntheses o f  the new precursors of 1 and dideutero-1: compounds 4, Sa,b, as  well ;IS the 3.4-isomer 
of 4. are  described. 

Introduction * * 

In 14160 2,3-dimethylene-2,3-dihydrothiophene (1) was 
proposed a s  an intermediate in the formation of a poly- 
mer, obtained by pyrolysis o f  3-methyl-2-(1rimethylam- 
moniomethy1)thiophene hydroxide'. Compound 1 did not 
reappear in the literature until 1987, when several groups 
reported independently on its synthesis, reactivity and 
spectroscopic properties*. 

QcH2x CH2Y 
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This paper  describes details3 of the in-situ generation of 1 
by fluoride-induced 1,4 elimination, carried out  with two 
different trimethylsilyl ammonium derivatives o f  2,3-di- 
methylthiophene (Eqn. 1 in Table I ) .  
o-Xylylene or o-quinodimethane (3, the  all-carbon analog 
of 1) has been studied in great detail, for example, the 
relation with its valence tautomer benzoeyclobutene and 
its reactivity in [4 + 21 cycloadditions'. In particular, in- 
tramolecular Diels-Alder reactions of derivatives o f  3 are 
attracting considerable attention in the synthesis o f  bio- 
logically active products'. Heterocyclic analogs of 3 bear- 
ing nitrogen and oxygen are  attracting considerable atten- 
tion too". Among these a re  o-dimethylene dcrivatives of 
pyridine~'.'.~, p y r r ~ l e s ~ " ~ " ,  indoles7'."', thiazoles, oxazoles 
and imidazoles", pyrazoles7', furansXa,' and benzo- 
fu ransxc.". 

* * Abbreviations and I U P A C  synonyms: benzocyclohutene = 

hicyclo[4.2.O]octa-1,3.5-triene. DDO = 2,3-dichloro-5,6-dicyanoqui- 
none = 4.S-dichloro-3,h-dioxo- I ,4-cyclohcxadicne-l,2-dicarbonitrilc, 
o-quinodimcthanc = 5.h-dimethylenc-l.3-cycIohexadiene. TMEDA 
= N . N .  N ' .N ' -tetramethyl-1,2-ethanediamine. tosyl = p-toluene- 
sulfonyl. o-xylylene = S,h-dimethylene-l,3-cyclohexadiene 

W e  became interested in dimethylenethiophene 1 and its 
derivatives through our  work on base-induced ring annu-  
lations of sulfonyl- and sulfinyl-subst i t  ut ed  thiophenc 
derivatives; reactions of use in the synthesis o f  benzo- 
[b]thiophenes", and other  bicyclic aromatics"'. Conceptu- 
ally, benzo[ blthiophenes can be formed also by [4 + 21 
cycloaddition reactions of 1. This is indeed the case, as  
has been shown by ourselves and other  
Most methods for generating 1 are based on (thermal) 1,4 
eliminations o f  X and Y from 2, for cxamplc X == Y = C1, 
Br 2C.O.P , X = H, Y = CIZd.' or  0COC,,H5"', X-Y = 

We have generated 1 from 2 with the substituents X = 

Me,Nf  and Y = Me,Si (4). as well ;is X = Me,Si and 
Y = M e E t 2 N +  (5a). Elimination o f  Me,Si and R 3 N  is 
induced by F-, following Srugii.su's method'.'.''' used for 
the formation of  3. This method allows the generation of 
1 at temperatures of - 10°C and below, which is of 
particular importance due to  the strong tendency o f  1 t o  
dimerize (or to  polymerize)2"~c~d~c~'11~" . T h e  synthesis o f  the 
(new) precursors 4 and 5 are  described below (Schemes 1 
and 3,  respectively). 

-CO-O-'".k ()r SO,"'.". 

Results and discussion 

Reaction of 4, o r  5a, with Bu'NF in the absence of 
dienophiles rapidly leads to  a mixture of products formed 

X 

SiMc, 
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by dimerization of 1, as  will be discussed below. In the Nearly identical results were obtained with dimethyl fu- 
presence o f  suitable dienophiles, 1 forms Diels-Alder marate and both precursors 4 and 5a (entries 1 and 2 in 
adducts in high yields. Table I presents the results ob- Table I) .  Trans adduct 6a is the expected result of a 
tained using nine different dienophiles containing a C=C [4 + 21 cycloaddition of  2,3-dimethylene-2,3-dihydro- 
bond o r  a N=N bond. thiophene (1) and dimethyl fumarate. T h e  reaction of 
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I' For substituents R' and R'. see column 4. For compounds 12a and 12b, the ring atoms numbered 5 and f 
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isolated material after purification. A mixture of 6a and 6b (ratio 4: 1 )  was obtained in 92% 
yield when 100 equivalents of 14 were used containing 4-5% of 13; 6b was not isolated separately. A mixture of isomeric 
dihydrohenzo[h]thiophene-S,f~-carboxylat~s and 7 was formed initially, which was dehydrogenated (DDQ) to 715. " Obtained as a mixture 
9a/9b. ratio 1.8: I .  using 55 equivalents of methyl acrylate; product mixture n o t  separated. ' Obtained as a mixture lOa/lOb. ratio 2.4: 1 ,  using 
76 equivalents o f  acrylonitrile; product mixture not separated. I Excess of I ,4-naphthoquinone (2  equivalents) used in CI1 ,CI as solvent; initial 
[4 + 31 ndduct air-oxidizcd to 1 1 .  

M.p. of analytically pure samples, except for 7. 

No dimeric products were detected by TLC. 



X 
I 

M e 3 S I  X 
I I 

BrT-7J 
19 X = NMe2 

dimethyl maleate (entry 3 )  seems confusing a t  first glance, 
since the major product is also the truns adduct 6a, in 
addition t o  some cis adduct 6b. The ratio of 6a/6b was 
4 :  I .  This is not a departure of the suprafacial-suprafacial 
reaction mode, but the result of some dimethyl fumarate 
(13) present as  a standard impurity (4-596) in i.he dimethyl 
maleate (14), which was used in large excess (cu .  100 
equivalents). Apparently, the reaction of 1 is much faster 
with 13 than with 14". This is clearly demonstrated by the 
following observations: 
0 More than 80% of 6a is formed in reaction with one 
equivalent of 13 (entries 1 and 2). 
0 A large excess of 14 is needed to  prevent dimerization 
of 1 in the reaction leading to 6b (entry 3) .  
0 Trurzs-6a is formed exclusively (87% yield) upon reac- 
tion of Bu,NF with a 1 : 1 : 1 mixture of 4, 13 and 14, from 
which 14 is quantitatively recovered afterwards. 
T h e  reaction of I with fumarate-free 14 was not investi- 

T h e  higher dienophilic reactivity o f  I 3  relative to 14 is 
probably relatcd t o  thc non-planar ground slate o f  I4l3. 
Due t o  diminished conjugation, the L U M O  of non-planar 
14 will have a higher potential energy than the  L U M O  of 
13. When,  however, planar conformations were used for 
both 13 and 14, Koster and Nguyet?" calculated to  sub- 
stantial differences in the LUMO (and H O M O )  energies 
o f  13 and 14. 
T h e  reaction of 1 with diethyl acetylenedicarbclxylate leads 
to  a mixture of  tautomeric dihydrobenzothiophenes to- 
gether  with about 10% o f  diethyl benzo[h]thiophene-5,6- 
dicarboxylate l 5  (7, entry 4). Dehydrogcnatiori (DDQ) of 
this mixture gave 7 in 56% yield. 
T h e  reactions of  1 with methyl acrylate and w3th acryloni- 
trile gave mixtures of  regioisomers 9a and 9b, iind 10a and 
lob, respectively (entries 6-81. These mixtures have not 
been separated. As before (entries 1 and 2), the choice of 
precursor (4 or 5a) is o f  no consequence for yield or 
product composition (entries 6 and 7) .  This :s good evi- 
dence that l is a true intermediate for the cycloaddition 
reactions collated in Table 1". T h e  assignment of struc- 
ture 9a to  the major isomer of entries 6 and 7 (and by 
analogy o f  IOa in entry 8 )  is based on comparison with 
results obtained by Truhunoi.sky et al. with the corre- 
sponding 2,3-dimethylene-2,3-dihydrofuranx;'. Also, Koster 
and Nguyen have confirmed this assignment by calcula- 
tion of the energy levels and orbital coefficients of the 
H O M O S  and LUMOs of 1 and methyl acrylate14. 
Further evidence for the intermediacy of 1 is that nearly 
identical rcsults were obtained in the sets of experiments 
of entries 1 and 2, 6 and 7, 9 and 10, despite the fact that 
1 is formed faster from 4 (and Bu,NF) than f m m  Sa. In a 
I H-NMR competition experiment (using 1 equivalent of 
Bu,NF and 1.7 equivalents of both 4 and 5a i n  CDCI,), it 
was shown that only 4 was converted to  dimel-s, while 5a 
remained unchanged. For this reason, the addition of 
B u 4 N F  was carried out more slowly in experiments using 
5a (instead of 4), t o  suppress the formation of dimers (see 
below). A lower concentration of F- would lead to  lower 

gated'*. 

concentrations of 1, which would result in less dimer and 
more cycloadduct with added dienophile. For example, an 
addition time of 2; h was used in entry 2, a s  compared to  
30 min in entry I ,  to  obtain the same yield of 6a. To 
explain the observed differences in reactivity between 4 
and 5a, we assume, tentatively, that the dcvcloping ncga- 
tive charge brought about by attack of the tluoride anion 
on silicon, is somewhat better stabilized a t  the nascent 
methylene at  C2 than at  C3"". I t  should be emphasized, 
however, that the  attack o f  fluoride is considered thc 
beginning of a more or  lcss concerted 1,4 elimination 
process'%. 
Adduct 8 of N-phenylmaleimide and 1 was obtained in 
89% yield using 4 as  precursor (entry 5) .  The correspond- 
ing reaction of N-phenylmaleimide with Sa, however, gave 
n o  8 at all, not even on  slow addition o f  Hu,NF. In this 
case Bu,NF appears  to  react faster with K-phcnyl- 
maleimide than with Sa, which leads to highly colored 
reaction mixtures (polymerization). 
The  conclusion is that 4 is the preferred precursor for the 
formation of 1. However, even with 4 as precursor, a 
number of attempted cycloadditions were unsucct:ssful. In 
these cases, fluoride-induced polymerization of the 
dienophiles prevails over the formation o f  1. Examples of 
dicnophiles in this category are: maleic anhydride, fuma- 
ronitrile, dimethyl methylcnebutanedioate, bis(2,2,2-tri- 
chloroethyl) azodicarboxylate and  4-phenyl- I ,2,4-tri- 
azoline-3,5-dione. 
The  dimerization of 1, alluded to  above, leads to mixtures 
of dimeric spiro compounds. which are  fairly stable in 
solution, but which tend to polymerize on concentration. 
Although individual isomers have not been isolated, I ti- 
and '.'C-NMR analysis of the  mixtures o f  dimers obtained 
from 4, 5a and Sb ( i e .  the  2-diethylmethylammonio(didc- 
utero)methylcne analog o f  5a) suggest that the major 
product 1Sa" ( >  80% yield) resulted from a [4 + 21 
cycloaddition of two molecules of 1 (see Experimen- 
tal). Comparable spiro compounds have been reported 
for [4 + 21 cycloadditions of o-~yly lcnc~~ '"~" ' .  and o f  
2,3-dimethyIene-2,3-dihydroindolc~~~~~. Dimers resulting 
from [4 + 41 cycloadditions have been reported for 
o-xylylene 1')-2'',21 and  for 2,3-dimethylene-2,3-dihydro- 
furan 1,Xs.h 

R 15a R = H  

15b R:D 

Synthesis of precursors 

Schemes 1 and 3 depict the methods used for the synthe- 
sis o f  4 and 5a, as  well as  deuterated 5, i.c. 5b, which have 
been used a s  precursors o f  I ,  and deuterated 1. T h e  
3,4-isomer of 4, i.e. 21, is described also. 
Compound 4 was prepared in 3 steps from 2-bromo-3- 
(bromomethyl)thiopheneZ2 (16) in 50% overall yield. T h e  
aliphatic bromine of 16 was selectively substituted with 
aqueous Me,NH to give amine 17 (66% yield), followcd 
by a Nil1-catalyzed cross-coupling of the aromatic 
bromine2' with Me,SiCH,MgCl to 18 (X5%, yield), which 
was quaternized quantitatively to 4. [Amine 17 was prcvi- 
ously prepared by a less attractive proccss from 3-[(di- 
methylamino)methyl]-2-lithiothiophene and tosyl brom- 
ide]24. The  cross-coupling (which was much less successful 
with the 2-chloro analog of 17) proved to  be the ultimate 
solution to problems associated with the preparation o f  
18, after several unsuccessful other  approaches7h. 
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In a series of experiments analogous to Scheme 1, 4- 
[( t r i m  t h ylammonio )me thy]]-.?-[( trimeth ylsilyl )me thy1 Jthio- 
phene iodide (21) was prepared from 3-bromo-4-(bromo- 
methy1)thiophene" (Scheme 2) .  Treatment of 21 with 
Bu,NF in the presence of methyl acrylate resulted in 
protodesilylation rather than cycloaddition". Berson and 
coworkers have reported earlier on cycloadducts of the 
expected 3,4-dimethylene-3,4-dihydrothiophene with 
acrylonitrile and with butenedinitriles, as well as on 
dimers. The structure of this transient species, which was 
obtained by pyrolytic and photolytic 1,4 elimination of N, 
from 1.4-dihydrothieno[3,4-d]pyridazine, was discussed in 
detail :''. 
A different approach was followed for the synthesis of 
precursors 5a and Sb, via 2-thiophenecarboxamide 25, 
which enabled the introduction of deuterium in the 2-sub- 
stituent o f  Sb, used in the structure investigation of dimeric 
1 (Scheme 3). The overall yield of 5a was 70% based on 
commercially available 3-methyl-2-thiophenecarboxylic 
acid (22). In addition to a nearly quantitative reaction 
using SOCl, and EtzNH27, 23 was prepared alternatively 
from 2-bromo-3-methylthiophene 2x in 60% yield using 
BuLi and N,N-diethylcarbamoyl chloride2'. Silylation of 
the 3-methyl substituent of 23 could not be achieved 
without simultaneous silylation at C5 (using s-BuLi, 
TMEDA and Mc,SiCI). However, the silyl group at C5 
was specifically removed by treatment with p-toluene- 
sulfonic acid. Thus, the overall result was silylation of the 
.?-methyl group t o  25 in 78% yield based on 23. The amide 
group o f  25 was smoothly reduced to 26a or 26b with 
excess (6  moles) of LiAlH, or LiAID,, respectively. With 
less LiAIH, partial C-N bond cleavage was observed"'. 
Quaternization of the amino groups with Me1 to 5a,b was 
carried out in the same way as for 4. Quite recently, Plant 
and Chudwick have reported two analogs of precursor Sa, 
with Y = N+Me,t Bu and N+Me,(l-adamantyI)". 

Conclusions 

Compound 4 is an efficient precursor for the in-situ 
generation of  1, the thiophene analog of o-xylylene (31, at 
room temperature and below. Compound 1 is a reactive 
intermediate, which is of use in Diels-Alder reactions to 
provide benzothiophene derivatives not previously re- 
ported". 

Experimental 

Most reactions were carried out under nitrogen, although the [4+21 
cyclonddition reactions have been carried out occasionally in air 
without detrimental effects. 
' H  NMR: ~litachi-Perkin-Elmer R-24B (60 MHz) or. when men- 
tioned explicitly at 300 MHz: Varian VTR-300; 6 (ppm) down field 

o f  internal Me,Si o r  related via CDCI, 6 7.24, CD,OD 6 3.35 and 
CD,SOCD, f i  2.49. ',C NMR: Nicolet NT-200 (50.3 MHz) or Varian 
VTR-300 (75.4 MHz): 6 (ppm) down field of Me,Si via CDCI, 6 
76.91 or CD,OD 6 48.97; the multiplicity of 'J,., is reported only. 

Elemental microanalyses: Analytical Department of Groningen Uni- 
versity (A.F. Hamminga, J. Ehds, H. Draayer, J.E. Vos). 
Diethyl ether and tetrahydrofuran (THF) were freshly distilled from 
Na/henzopheqone, and CHzClz from P,O,. All other solvents were 
stored over 4A molecular sieves. TMEDA was distilled from and 
stored over KOII pellets. Me,SiCI was distilled and stored under 
nitrogen. Other commercially available chemicals were used as  such. 

M. .. 'IS spectra: AEI MS-902. 

2-Bromo-3-[(dirnetliylamino)nic~tliyllrhiophent.~l~thiopiien~~ '' ( I  71 

The preparation according t o  Slocurn et al.', was replaced by an 
alternative procedure using 2-bromo-3-methylthiopheneZX and 2- 
bromo-3-(bromomethyl)thiophene" (16). Crude 16 (46.8 g. 0.18 mol) 
was added in 10 min to 400 ml o f  a 40% aqueous solution of Me,NH 
(ca. 4 mol) at room temperature. After stirring for another 15 min, 
the mixture was diluted with water (400 ml) and extracted with ether 
(2x200 ml). The extracts were concentrated and the residue was 
purified by acid-base separation, using 2N HCI, 15% NaOH and 
ether. The resulting ether solution was dried (brine and MgSO,) and 
concentrated. The crude product (27.2 g) was purified by distillation 
to give 26.7 g (66%) of 17, b.p. 74-79°C (0.6 mmHg) I l k 2 ,  b.p. 
59-60"C (1.3 mmHg)]. ' H  NMR (CDCI,): f i  2.34 (s, 6H). 3.38 (s, 
2H), 6.94 (d, J 5.6 Hz, IH), 7.21 (d, J 5.6 Hz, IH). "C NMR 
(CDCI,): S 44.6 (q), 56.5 (1). 110.3 (s), 124.7 (d). 128.2 (d), 137.7 (s). 
MS m / z  ( M + )  calcd. 218.972, obsd. 218.973. Anal. calcd. for 
C,HI,,BrNS: C 38.19. H 4.58. Br 36.30, N 6.36, S 14.56; found: C 
38.1.5, H 4.54, Br 36.07, N 6.36, S 14.56%. 

3-1 ~Li1methylumitio)mc*thyl]-2-/ (trImethylsilyllmethyl]thi~ph~~ne (18) 

A solution of Me,SiCH,MgCI [prepared from Me,SiCH2CI (25.34 
g, 0.208 mol) and Mg (5.52 g, 0.227 mol)13' in 150 ml of ether was 
added in 10 min t o  a solution of 17 (29.1 g, 0.13 moll and 
Ni(PPh,),C1233 (0.85 g, 1.6 mol-%') in ether (300 ml; ice bath) and 
then refluxed for 20 h. Upon cooling, addition of water (100 ml) and 
saturated NH,CI solution (100 ml) and separation, the water layer 
was extracted with ether (200 ml). The combined ether extracts were 
dried (brine and MgSO,), concentrated and the residue purified by 
bulb-to-bulb distillation at 70°C (0.02 mmHg) to give 25.5 g (85%) of 
18. Analytically pure material was obtained by a second distillation, 
b.p. 60-62°C (0.02 mmHg). ' H  NMR (CDCI,): f i  0.18 (s,9H). 2.20 (s, 
6H), 2.26 (s, 2H). 3.31 (s, 2H), 6.95 (s, 2H). I3C NMR (CDCI,): 6 

138.4 (s). MS m / z  ( M + )  calcd. 227.116, ohsd. 227.119. Anal. calcd 
for C, ,H2,NSSi:  C 58.09, H 9.31, N 6.16, S 14.10, Si 12.35; found: C 
58.07. H 9.33, N 6.22. S 14.07, Si 12.1%. 

- 1.6 (9). 18.2 (t), 45.2 (q), 56.7 (t), 119.2 (d), 129.1 (d), 132.6 (s), 

.~-/fTrime~hylan~nion1o~methyl/-2-/~trime1hyl.s1lyllme1hyl/thiophene io- 
dide (4) 

A solution of 18 (6.82 g, 30 mmol) and Me1 ( 3 . 0  ml. 48 mmol) in 
acetonitrile (20 ml) was refluxed for 1 h. After cooling to 20°C and 
addition of ether (I00 ml), the white precipitate was collected, 
washed with ether to give 10.82 g (98%) of 4 (m.p. 183-186"C, dec.), 
which was sufficiently pure for use in the preparation of 2J-dimeth- 
ylene-2,3-dihydrothiophene (1  ). Analytically pure material was ob- 
tained by crystallization from acetonitrile, m.p. 206-208°C (dec.). ' H  
NMR (CDCI,/CD,OD 1 :  1): 6 0.10 (s, 9€1), 2.52 (s. 2H), 3.14 (s, 
YH), 4.50 (s, 2H), 7.14 (d, J 5 Hz, IH), 7.25 (d, J 5 Hz, IH). "C 

d S ' " ' 3  

X 
R 2  

2 2  X NEt2 .  Y = Mc,SI 2 6 a  X z N E t 2 ,  R H 

25  X z NEtZ. R = D  

X z N+Et2Me I - .  R = H 

X = N*Et2Me I - ,  R = 0 

23 X NEt2 X = NEt2. Y = H 1 26b  

5 U  

5 b  

2 2 x = o H  J a  

Scherne 3. 
LiAltt,, Er,O, 20Y: 96%,; ( e )  LAAID,. Et,O, 20°C. 92%; (f) Mel, MeCN, heut, 9.5%. 

(0) SOC'I,, E t 2 N H ,  96%; (h) s - B u L i / T M E D A  (2  equ i idmts ) ,  THF, ~ 7N°C, Mi.,SiCI, NO%; (c) TosOH, C:,H6. heat, 97%; (d) 



NMR (<'I)CI,/CD,OD 1 :  I ) :  6 -3.1 (q).  1X.2 ( t ) ,  51.2 (q), 60.4 ( t ) ,  
120.X (s), I2O.X (d), 129.1 (d). 147.4 (s). Anal. calcd for CI2H2,INSSi: 
C 39.02. H 6.55. N 3.79. S X.6X; found: C 39.10. II 6.55, N 3.87. S 
8.73%. The exact mass could not be determined due t o  Hofmann 
elimination in the mass spectrometer. 

19 was prepared analogously to  the procedure described for 17 from 
impure 3-bromo-4-(bromomethyl)thiophene2~ [b.p. 70-88°C (0.05 
mmHg). 20.5 g, cu. 53 mmoll and 40% aqueous dimethylamine (100 
ml. cu. I mol). Yield X.00 g (c .u .  70%) of 19, b.p. 67-69°C (0.15 
mmHg). ' 11  NMR (CDCI,): 6 2.21 (s,  611), 3.35 (x, :!H), 7.23 (br s, 
2H). "C NMR (CDCI ,): 6 45.2 (9). 57.7 (1). 112.2 (s), 122.7 (d), 123.5 
(d), 137.8 (s). MS m / z  ( M i  ) calcd. 218.972. obsd. 218.973. Anal. 
calcd for C,ll, , ,BrNS: C 3X.19. H 4.SX. Br 36.30, IS 6.36. S 14.56; 
found: C 3X.27, I 1  4.57. Br 35.X2. N 6.34. S 14.74%. 

20 was prepzired analogously to 18 by refluxing for 23 h a mixture of 
19 (3.93 g, 17.8 mmol), Ni(PPh,)lC12" (0.27X g, 4 mol-'%) and a 
solution ol Me,SiCIlzMgCI" in ether (27 ml. cu. 1 M, from 3.28 g 
of Me,SiCH >CI) in benzene (70 ml). Bulb-to-bulb distillation at 
1 I0"C (0.05 mmHg) gave 2.X4 g (70%) of 20. Arialytically pure 
material was obtained by ii second distillation. 'H NMR (CDCI,): 6 
-0.07 (s, 911). 2.IX (s. 211). 2.33 (s. 6H). 3.43 (s, 2H), 7.07 (d, J 3.4 
Hz, IH). 7.47 (d. J 3.4 Hz. IH). "C NMR (CDCI,): & - 1.5 (q), 18.2 
(t). 45.4 (q), 5X.2 (1). 118.1 (d). 122.7 (d), 13x2 (s). 138 9 (s). MS m / z  
( M +  ) calcd. 227.1 16. ohsd. 227.1 17. Anal. calcd for C,,H,,NSSi: C 
5X.09. I 1  9.31. N 6.16. S 14.10. Si 12.35: found: C 58.35. H 9.42. N 
6.17. S 14.01. Si 12.12('+. 

(21) was prepared analogously t o  4 using 20 (1.25 g. 5.5 mmol) and 
Me1 ( 1  ml) in  acetonitrile ( 1 . 5  ml). Yield 1.97 g (97%) o f  21, m.p. 
lY9-20O"C. Recrystallization from acetone/ethyl-act:tate gave ana- 
lytically pure 21. m.p. 205-206°C (dec.). ' II NMR (('D,OD/CDCI, 
1:I~:6O.l5~s,9l1~,2.2X~s.~l1~,3.38~s.~lI~,4.72~s.2H~,7.08~d. J 
3 Hz. IH). X . 0 0  (d. J 3 Hz, 1H). "C NMR (<'D30D,'CDC11 l : l ) :  6 
-2.X (q), 17.9 (1). 51.7 (q),  61.0 (1). 110.7 (d). 126.2 (s). 131.1 (d), 
139.3 (s). Anal. calcd for C,,11241NSSi: C 39.02, H 6.55, I 34.35, N 
3.79. S 8.68; found: C 3X.XO, 11 6.55, 134.63. N 3.75. S 8.72%. 

( u )  From 3-methyl-2-thiophenec~irboxylic acid (22). A solution of 22 
(X.92 g, 03 mmol) in 65 ml of thionyl chloride was refluxed for 30 
min, then concentratcd and stripped twice with CCI, at reduced 
pressure. The residue was dissolved in ether (200 ml) and a mixture 
of Et,N11" ( I0  ml. 97 mmol) and Et,N (9  ml, 65 mmol) in ether 
(100 ml) was added at such ;I rate that the reaction mixture was 
gently refluxing. The rex i ion  mixture was stirred for 1 h (20°C). The 
precipitate was removed and extracted twice with ether. The com- 
bined ether solutions were concentrated and the residue was bulb- 
to-bulb distilled at 135°C' (0.25 rnni Hg) to give 11.94 g (96%) of 23. 
Analytically pure 23 was obtained by ii second distillation, b.p. 
96-97°C (0.15 nimHg). '11 NMR (CDCI,) 6 1.17 ( t .  .I Hz. hH), 2.27 
(s, 3H). 3.45 (4, J 7 l l z ,  4Il) ,  6.X4 (d, J 5.6 Hz, IH). 7.25 (d. J 5.6 Hz. 
Il l ) .  13C NMR (CDCI,): S 13.4 (q). 14.1 (q),  41.6 (7r t). 124.5 (d), 
129.2 (d). 130.6 (s). 136.3 (a). 164.0 (s). MS m / z  ( M + )  calcd. 
197.087. o b s d .  lY7.OXh. Anal. calcd for C, , ,H, ,NOS:  (3 60.87, H 7.67, 
N 7.10, S 16.25; found: C 60.76. I 1  7.76. N 6.98. S 16.27%. 
( h )  From 2-brorno-3-methylthiophene~". Buli (1.6 M in hexane, 6.9 
ml, 1 I mmol) was added in 5 min to  a solution of 2-bromo-3-methyl- 
thiophene" (1.77 g. 10 mmol) i n  ether (I00 ml) ai -70°C. After 
stirring f o r  30 min, a solution of diethylcarbarnoyl chloride (1.03 ml, 
1 I mmol) in ether ( I S  ml) was added rapidly, keeping the tempera- 
ture between - XO and - 70°C. Stirring was continued for 30 min at 
-70°C. then the temperature was increased to -40°C in 30 min. 
Saturated NI1,CI (50  ml) was added. the temperature was further 
increased t o  2 0 T ,  and stirring was continued for 30 min. The water 
layer was extracted with ether (2x25 ml), the combined ether 
solutions werc dried (MgSO,). concentrated and the residue was 
bulb-to-bulb distilled to collect I . I X  g (60%) o f  pure .imide 23 as the 
main fraction at 140°C (0.2 mmHg), which was identical to  the above 
preparation by ' H  a n d  "C NMR. 

N ,  N -  Dic.rliy1-5- ( t r i inei l rvl .s i ly l I - .~- /  ( t r i ~ t ~ r l h y l . s i l y l 1 n I c . r l ~ y l / - 2 - r h r o p l ~ i ~ t ~ ~ ~ -  
curhoxumide (24)  

s-BuLi (1.20 M" in ii 10: I mixture of cyclohexnne/isopentane. X3 
ml, 100 mmol)" was added dropwise ( 5  min) t o  a solution of 23 (9.XO 
g, 50 mmol) and TMEDA (15 ml, 100 mmol) in 500 ml of T H F  at 
- 70°C. After stirring for 20 min. Me ,SKI ( I X  ml. 150 mmol) was 
added all at once, and  the temperature was raised to - 2 O T  i n  30 
min. Saturated NH,CI \elution ( I  I )  was added. the temperature was 
increased to 20°C. and the water layer was extracted with ether 
( 2  X 100 ml). The comhined ether solutions were dried (hrinc. MgSO,) 
and concentrated. Bulh-to-huih distillation at 135°C (0.05 mml lg) o l  
the residue gave 13.6 g (XO%) o f  24. '11  NMR (CDCI ,): 6 -0 .03  (L, 
9H), 0.30 (s, OH), I . I X  (1, J 7.4 Hz, 6H). 2.10 (s. 2H), 3.41 (q, J 7.4 
Hz, 4H), 0.X4 (s, I H ) .  "C NMR (CDCI,): 6 - 1.9 (q). -0.6 (q) ,  13.2 
(q), 19.3 (1). 39.5 (br t) .  131.9 (d). 135.7 (s). 13X.7 (s). 141.1 (s). 165.0 
(s). MS m / z  ( M I  ) calcd. 341.166. obsd. 314.167. Anal. calcd for 
C,,lI, ,NOSSi,: C 56.25, 11 9.15, N 4.10, S 9.32; found: 1:' 56.07. 11 
9.27. N 4.10, S 9.329i. 

N,  N , - I ~ i c ~ 1 h y l - . ~ - / ~ t r i n i c ~ 1 l ~ ~ ~ l , s i l y l ~ n i e 1 h y l / - 2 - 1 l r i i t ~ ~ l r i ~ n c ~ ~ r r r l ~ t t ~ u t ~ ~ i ~ l ~ ~  (2.5) 

Crude aniide 24 fY.42 g (containing a. 10%. o f  trisilylamide 27)3", cu. 
24.3 mmol] and p-tolucncsulfonic acid.H,O (5.25 g. 27.6 mmol) 
were refluxed for 24 h in 200 ml of benzene. After cooling to 20°C'. 
the mixture was washed with 3N NaOH (2x20 ml), dried (MgSO,), 
and concentrated. The residue was bulb-to-bulb distilled at 130°C 
(0.05 mmHg) to give 7.21 g (cu.  Y7%) of 25 (containing 1.0. IOV of 
N .  N-diethyl-3-[his(trimethylsilyl)methyl]-2-thiophenecarl~ox~imide~, 
which was purified by flash chromatography (silica gel. ether/hexane 
1 : 2). Analytically pure 25 was obtained by bulh-to-bulb distillation at 
140°C (0.05 mmlig) .  'H NMR (CDC13): f i  -0.10 (\. ~ H . I .  1.12 ( t .  J 
7.4 Hz, 6H). 2.1 I (s. 2H). 3.3X (q. J 7.4 Hz. 4H). 6.67 (d. J 5.6 1 1 ~ .  
1H).7. l6(d.  J5 .6Hz .  IH). " C N M R ( C D C I 3 ) : h  -1.7(q). 13.3((1). 
19.9 (1). 40.4 (br t). 1243 (d). 127.0 (s), 129.0 (d), 140.2 (s). l 0 S . l  (s). 
MS m / z  ( M i  ) calcd. 269.127. ohsd. 269.127. A n d .  calcd for 

C 57.04. H X.60. N S.21). S I 1.90: found: C 57.XX. I 1  
8.72. N 5.16. S 1I.7Oc,~. 

A solution of amide 25 (X79 mg. 3.27 mmol) in ether ( 2 0  ml) was 
added in 5 min to ii slurry o f  LiAIH, (740 mg. 20 mmol)  in ether (60 
ml). The mixture was stirred for 1 h. After the addi t im o f  ii few 
drops o f  15% N;i011 iind water (2 ml), the mixture was Ltirred for 
another 15 min and then dried (MgSO,). The  solids were removed 
and extracted with ether. The combined ether  solution^ were con- 
centrated and thc residue was bulb-to-bulb distilled at IO0"C (0.15 
mmHg) to give 800 mg (96%) of  26. ' 1 1  NMR (CDCI ,): 6 0.05 ( 5 ,  

YH), 1 . 1 0  (1. .I 7.4 Hz, 611), 2.07 (s. 211). 2.60 (q. J 7.4 lk!, 411). 3.62 
(s, 2H), 6.70 (d, J 5.0 Hz. IH),  7.13 (d, J 5.0 Hz, IH). "C NMR 
(CDCI,): 6 - 1.4 (q). 1 I . X  (q), 19.1 (t), 40.7 (1). 50.4 (1). 122.3 (d), 
12X.9 (d), 134.5 (s), 135.1 (s). MS t n / Z  ( M i  ) calcd. 25.C8.14X. obsd. 
255.147. Anal. calcd lor C,,Il,,NSSi: C 61.1 I .  tl 9.X6, N 5.38. S 
12.55; found: C 60.99. I {  9.73, N 5.42. S 12.44%. 

The  procedure of 26a was l ~ l l o w ~ d  using LiAID,. instead o f  LiAII1,. 
and a reaction time ot 20 h. The yield o f  26b, after bulb-to-bulh 
distillation at IOOY' (0.03 mmHg), was Y T : .  ' H  NMR (CDC'I,): 6 
-0.01 (s,  YH). 1.03 (1. J 7 I lz .  6H). 2.02 (s.  2H). 2.57 (4. J 7 Hz. 111). 
6.69 (d, J 5.6 l l z .  IH). 7.10 (d. J 5.6 Hz. I l l ) ,  no signal at 6 3.6 thus 
incorporation of  D>_OS%. "C NMR (CDCI,) 6 - 1.4 ((1). 11.9 (q).  
19.2 (1). 46.6 (1). 49.6 (quintet). 122.5 (d). 129.0 (d). 134.4 (a). 135.1 
(s). MS t n / z  ( M  * )  ciilcd. 257.160. obsd. 257.160. Anal. calcd for  
C,,H,,D,NSSi: C hO.63, H 9.00, D 1.57, N 5.44, S I2.4:i: lound: C 
60.13. I 1  9.03. I> 1.57 (based on  a D:H ratio 1 :  11.5). N 5.33. S 
1 2.26%'. 

2 - / ( D i e  I h y /in e I h y la ti1 in o ti io ) m e I h y I /  - 3 - / (rritti e I h y I s i l y  I1 ti1 c I h - 
yllrhiophene iodide (5a) 

5a was prepared analogously to 4 from 1.5 mmol of 26a in Ohf% yield, 
m.p. 127-131°C (dec.). which was used as such for the generation o f  
I .  Analytically pure 5a. m.p. 138-139 (d~c. ;  from acetonc/cthyl- 
acetate). ' H  NMR (CD,OD): 6 0.13 (s, 911). 1.50 (br  t .  .I 7.0 111, 
OH), 2.43 (s, 211). 3.10 (5. 311). 3.5X (9. J 7.6 H7, 411). 7.05 (d. J 5.X 
Hz, IH), 7.73 (d. J 5.8 IIz, IH). "C NMR (CD,OD): S ~ 1.1 tq). 9.0 
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(9). 21.1 (t), 47.2 (q), 56.4 (I), 58.8 (0,  119.7 (s), 129.4 (d), 131.0 (d), 
146.9 (s). Anal. calcd for C,,H,,JNSSi: C 42.31, H 7.10, I 31.93, N 
3.52, S 8.07; found: C 42.14, H 7.20, 132.14, N 3.56, S 8.19%. 

2-~(Diethylniethylammonio)dideuteromethyl]-3-!(trimethylsilyl)meth- 
yllthiophenr iodide (56) 

5b was prepared analogously to 5a from 26b in 95% yield, m.p. 
133-135°C (dec.), which was used as such for the generation of 
2-(dideuteromethylene)-3-methylene-2,3-dihydrothiophene. Analyti- 
cally pure 5b, m.p. 139-140°C (dec.; from acetone/ethyl-acetate). ' H  
NMR (CD,OD): 6 -0.11 (s. 9H), 1.50 (br t, J 7.8 Hz, 6H), 2.40 (s, 
2H), 3.1 I (s. 3H), 3.57 (4, J 7.8 Hz, 4H), 7.07 (d, J 5.8 Hz, 1H), 7.80 

47.1 (q), 56.3 (t), 58.4 (quintet), 119.6 (s), 129.4 (d), 130.9 (d), 146.9 
(s). Anal. calcd for C,,H2,D,INSSi: C 42.10, H 6.56, D 1.01, 131.77, 
N 3.51, S 8.03; found: C 42.07, H 6.67, D 1.03 (based on a D/H ratio 
I : 13). I 31.69, N 3.52. S 8.04%. 

(d. J 5.8 Hz, IH). "C NMR (CD,OD): 6 - 1.1 (q), 8.9 (q), 21.0 (t), 

Dimethyl truns-4.5,6,7-tetruhydrohrnzolhlt~~iophene-5,6-dicarboxylai~ 
(6a) 

( a )  Using 3-[(trimethylammonio)methyl]-2-[(trimethylsilyl)-methyl]- 
thiophene iodide (4) as precursor of 1. A solution of Bu,NF (350 mg, 
1.1 mol) in acetonitrile (10 ml) was added dropwise (30 min) to a 
slurry of 4 (369 mg, 1.0 mmol) and dimethyl fumarate (13, 144 mg, 
1.0 mmol) in 10 ml of acetonitrile at 20°C. The mixture was stirred 
for 30 min. The  solvent was removed at reduced pressure, and the 
residue was treated with ether (30 ml). The precipitate was removed 
and extracted with ether (2X 10 ml). The combined ether solution 
was concentrated and the residue (234 mg of a white solid) was 
crystallized from petroleum ether (b.p. 40-60°C) to give 205 mg 
(81%) o f  6a, m.p. 81-84°C. Analytically pure material was obtained 
by recrystallization from the same solvent, m.p. 82.5-84.o"C. ' H  
NMR (CDCI,\, 300 MHz): 6 2.70-2.83 (m, lH), 2.85-3.01 (m, lH), 
3.01-3.27 (m, 4H), 3.75 (s, 6H), 6.75 (d, J 5.7 Hz, lH), 7.10 (d, J 5.7 
Hz, 1H). ',C NMR (CDCI,): 6 27.3 (0, 27.9 (0,  41.9 (d), 42.4 (d), 
51.8 (q). 51.9 (4). 123.0 (d), 126.6 (d), 132.2 (s), 132.6 (s), 174.2 (s), 
174.5 (s). MS m / z  ( M + )  calcd. 254.061, obsd. 254.063. Anal. calcd 
for Cl2HI4O,S:  C 56.68, H 5.55, S 12.61; found: C 56.57, H 5.66, S 
12.60Yo. 
( h )  Using 2-[(diethylmethylammonio)methyl)-3-[(trimethyl- 
silyl)methyl]thiophene iodide (5a) as precursor of 1. An identical 
result, as above, was obtained when Bu,NF (380 mg, 1.2 mmol) in 
acetonitrile (35 ml) was added in 24 h to a slurry of 5a (397 mg, 1.0 
mmol) and dimethyl fumarate (144 mg, 1.0 mmol) in acetonitrile (10 
ml); 206 mg (81 %) of 6a, m.p. 81-83°C. 

Dimethyl trans- und cis-4,5,6,7-tetrahydrohmzo(h]thiophene-5,6- 
dicurhoxylute (bu, 6b) 

Analogously t o  the procedure described above for 6a (from 4), 
Bu,NF (315 nig, 1.0 mmol) in acetonitrile was added to a slurry of 4 
(150 mg, 0.41 mmol) in an excess of dimethyl maleate (14, 5 ml, 40 
mmol) at 20°C. After stirring for I h and removal of acetonitrile, 
excess dimethyl maleate was removed by bulb-to-bulb distillation at 
80°C (0.4 mmHg). The residue was flash chromatographed (silica gel, 
ether) to give 95 mg (92%) of a trans/& mixture of 6a and 6b, m.p. 
70-72.5"C, truns/cis ratio 82 : 18. Two recrystaliizations from 
petroleum ether (b.p. 40-60°C) gave the same analytically pure 
(trans) 6a described above. The 300-MHz ' H  NMR of the &/trans 
mixture shows two methyl singlets at 6 3.70 and 6 3.75. The ',C 
NMR (CDCI,) provided the trans/cis ratio given above; the signals 
only of the cis-isomer are reported here: 25.2 (I), 25.9 (t), 40.3 (d), 
40.9 (d), 51.8 (q), 122.8 (d), 126.9 (d), 132.7 (s), 132.8 (s), 172.4 (s), 
172.5 (s). 

Reaction of I with a I :  I mixture of dimethyl fumarate (13) and 
dimethyl maleate (14) 

Following the procedure given above for 6a, Bu,NF (400 mg, 1.27 
mmol) was added to a solution of 13 (144 mg) and 14 (155 mg, 
containing 4-5% of 13). which amounts to 1.05 mmol of 13 and 1.02 
mmol of 14, and o f  4 (369 mg, 1.0 mmol). Flash chromatography 
(silica gel. CH2C12/hexane 1 : I ,  then ether) gave 329 mg (first 
fraction) as a mixture of 6a, 13 and 14 in a ratio of 53, 11 and 36%, 
respectively, as determined by integration of the 'H NMR signals at 
6 7.04 (6a). 6.80 (13) and 6.18 (14). According to I3C NMR, no 6b 
was formed. A second fraction gave 59 mg of 14. The overall result 
was a yield of 87% of 6a, together with recovery of 12% of 13 and 
97% of 14. 

Dimerization of I :  Reaction without dienophile to 4,5-dihydro-2'-meth- 
ylenespir~~[benzo~blthi~~~~hene-4(7H), 3'(2H')tliiophene/ (I5d" 

Bu,NF (700 mg, 2.22 mmol) was added all at once to a solution of 4 
(738 mg, 2.0 mmol) in acetonitrile (10 rnl). After stirring for 1 min, 
work-up as described above (concentration, addition of ether, filtra- 
tion over 4 cm of silica gel) gave a colorless oil (217 mg), which 
became brown on standing (the product mixture remains colorless 
when kept in solution). The oil shows the following NMR signals: ' H  
NMR (CDCI,): 6 1.70-2.30 (ni, 1.5 H), 2.48-3.20 (m, 4.5 H, with 
singlets at 2.75, 2.99 and 3.19), 5.08 (br s) + 5.18 (br s, together 1.8 
HI, 5.58 (d, J 6.6 Hz, 0.9 H), 6.12 (d, J 6.6 Hz, 0.9 H), 6.50-6.90 (m, 
1.4 H), 7.00 (d, J 5.4 Hz, 1H). "C NMR (CDCI,): 6 23.2 (I), 34.6 (t), 
37.8 (t), 55.5 (s), 103.7 (t), 105.2 (t), 121.8 (d), 122.4 (d), 127.0 (d), 
128.7 (d), 133.8 (s), 155.5 (s). Similar results were obtained when 1 
was generated from 5a. When 2-(dideuteromethylene)-3-methylene- 
2,3-dihydrothiophene was generated similarly from 5b, the major 
difference in the product 'H  NMR was the absence of a (broad) 
singlet at 6 2.75, 5.58 and 6.12, indicating that 15a is the main 
product. 

Generation of I from a mixture of precursors 4 and 5a; competition 
experiment 

The ' H  NMR spectrum of a solution of 4 (17 mg, 0.05 mmol) and 5a 
(18 mg, 0.05 mmol) in CDCl, confirmed the 1 : 1 ratio of the solutes 
by integration of the signals at 6 2.28 (5a) and 2.50 (4), respectively. 
The NMR spectrum taken immediately after the addition of this 
solution to Bu,NF (10 mg, 0.03 mmol) in CDCI, showed peaks 
indicative of the formation of dimers (see above), and of Me,N at 6 
2.11; the peaks of 4 at 6 2.50 and 4.78 were diminished to 4006, 
whereas those of 5a remained unchanged. 

Diethyl henzolblthiophrne-.~, 6-dicarhoxylate (7) 

7 was prepared analogously to the procedure descrihed for 6a, from 
4 (1.48 g, 4.0 mrnol), diethyl acetylenedicarboxylate (0.816 g, 4.8 
mmol) and Bu,NF (1.40 g, 4.4 rnmol) in 2 h. The residue, obtained 
after work-up, was purified by bulb-to-bulb distillation (lOO°C/O.OS 
mmHg). Flash chromatography (silica gel, petroleum ether (b.p. 
40-60"C/ether 2: 1) of the residue gave a mixture of diethyl dihydro- 
benzo[b]thiophene-5,6-dicarboxylates and 7 (ca. 10%) as  a slightly 
yellow oil (678 mg). This mixture (678 mg) was dehydrogenated with 
DDQ (691 mg, 3.0 mmol) by refluxing for 17 h in benzene (30 ml). 
After cooling, filtration and removal of solvent, the residue (1.25 g) 
was purified by filtration over a layer of silica gel using ether/hexane 
1 : 1, yielding 7 as a slightly yellow solid (619 mg, 56%), m.p. 61-63°C. 
'H NMR (CCI,): 6 1.30 (t, J 7.0 Hz, 6H), 4.23 (4, J 7.0 Hz, 4H), 7.22 
(d, J 6.0 Hz, IH), 7.45 (d, J 6.0 Hz, IH), 7.93 (s, IH), 8.07 (s, 1H). 
I3C NMR (CDCI,): 6 13.9 (q), 60.6 (t), 61.1 (t), 123.5 (d), 123.8 (d), 
124.1 (d), 127.3 (s), 128.4 (s), 130.4 (d), 140.5 (s), 141.2 (s), 167.2 (s), 
167.9 (s). MS m / z  ( M + )  calcd. 278.061, obsd. 278.060. 

Benzo[h]thiophene-5,6-dicarboxylic acid 3' 

Diester 7 (100 mg, 0.36 mmol) was refluxed for 1 h in a mixture of 
dioxane (5  mi) and 15% aqueous NaOH (5 ml). After removal of 
dioxane and acidification (4N HCI to pH 11, a white precipitate [62 
mg, 81%. m.p. 243°C (dec.)] was collected and recrystallized from 
water to give the title compound in pure state, m.p. 250°C (dec.), 
identical with an authentic sample3' by m.p. and ' H  NMR. 

2-Phenyl-3a, 4,8, 8a-tetrahydro-thieno (2,3-f]isoindole- 1,3 (2Hbdione 
(8) 2r .1 .n  

8 was prepared analogously to the procedure described for 6a from 4 
(369 mg, 1.0 mmol), N-phenylmaleimide (208 mg, 1.2 mmol) and 
Bu,NF (460 mg, 1.5 mmol) in 1 h. Work-up using flash chromatogra- 
phy, as with 6a,b using silica gel and CH2CI, then ethyl acetate, gave 
(second fraction) 252 mg (89%) of 8 as a white solid, m.p. 159-162°C. 
Analytically pure material, m.p. 162.0- 162.5"C (from CH,CI, /ether) 
(lit? 164-165°C). 'H NMR (CDCI?, 300 MHz): 6 2.76-2.88 (m, lH), 
2.94-3.04 (m, lH), 3.35-3.53 (m, 4H), 6.87 (d, J 5.5 Hz, lH), 6.98 (d, 
J 6.3 Hz, 2H), 7.08 (d, J 5.5 Hz, IH), 7.38 (d, J 6.3 Hz), 7.30-7.46 (m, 
together with doublet 3H). "C NMR (CDCI,): 6 24.8 (t), 25.3 (t), 
40.2 (d), 40.6 (d), 122.5 (d), 126.2 (d), 126.7 (d), 128.4 (d), 128.9 (d), 
131.6 (s), 132.4 (s), 134.4 (s), 178.1 (s), 178.4 (s). MS m / z  (M') 
calcd. 283.067, obsd. 283.068. Anal. calcd. for C,,H,,NO,S: C 67.82, 
H 4.62, N 4.94, S 11.32; found: C 67.70, H 4.65, N 4.92, S 11.22%. 



((1) Using 4 a s  precursor o f  1. This mixture was preparcd analogously 
to the procedure of 6a, from 4 (309 mg. 1.0 nirnol). excess methyl 
acrylate ( 5  ml. 5.5 mmol), and Bu,NF (630 mg. 2.0 minol). Work-up 
;is described for 6a and flash chromatography (silica gel, e ther)  gave 
177 mg (90'Y) o f  21 mixture of Ya and 9b as a color1e.s oil. which is 
unstable at  room temperature. I t1 NMR (CDCI ?. 300 MHz): 6 
1.81-2.02 (m. 111). 2.18-2.33 ( m i .  IH). 1.60-3.15 (m.  SH). 3.75 (s. 
311). 0.78 ( t i .  J 5.4 ltz, I l l ) .  7.09 (d, J 5.4 117. 113). I 3 C '  N M R  
(C'IICI,) 9a: 6 243 (1). 25.7 (I) ,  27.1 (I), 40.3 (d). 51.6 (q),  122.2 (d), 
120.9 (d), 133.2 (s). 134.2 (s), 175.1 (a); 9h: 6 23.0 (I). 20.2 (11, 27.9 (I). 
39.7 (d). 51.6 (q).  122.4 (d). 127.1 (d). 133.3 (s). 134.2 (s).  175.4 (s); the 
ratio 9a/9b 1.8: I was determined by I 3 C '  N M R .  MS m / z  ( M i  ) 
cnlcd. 196.056. ohsd. 196.055. No attempts were mace to separate 
the mixture of 9a and 9b, which ~ W K  one spot on T 
9d.h in CDC'I, was stahle for scvcriil weeks ;it ~ 25 
( h )  Using 5a a s  precursor f o r  1. Itlenticnl results were obtnined when 
the same procedure described under ( a )  was followed using 5a (199 
nig. 0.5 mmol). methyl acrylntc ( 5  nil. 55 mmol)  and Bu,NF (215 mg. 
0.7 mniol). Yield OX mp ( l O O r ; )  o f  9a/9b. ratio 1.8: I .  

4,.5,6. 7- T:~trriliyelroh~~tizolhlrhrol,llc.,l~~-~-curhotiitrili~ ( I O U )  atid 4. S.6. 7- 
~ c ~ l r ~ ~ ~ i ~ d r O h ~ ~ t i : ~ ~ / / ~ / l ~ i ~ O / ~ ~ i : ~ l i f ~ - . ~ - ~ ~ ~ l ~ / ~ O l l ~ l ~ ~ / l ~  (106)'' 

These compound\ were prepared analogously to the procedure o f  
9a.b. from 4 (730 mg. 2.0 nimol). excess of myloni t r i  e (111 ml. 152 
mmol)  and B u , N F  (1.00 g. 3.2 nimol) in 2 h .  Work-up as described 
f o r  6a and flash chromatography (silica gel. e ther)  gave 299 mg ( 0 2 % )  
o f  ;I mixture of 10a and lob. ratio 2.4: 1. as ;I colorles:; unstable oil .  
' t t  NMR (('DCI $. 300 MtIL):  & 2.02-2.29 (n i ,  211). 2.6.5-2.78 (rn. 
111). 2.Xl)-3.25 ( m .  511). 6.75(il. J 5.4 112. 111) .  7.10(d. 1 5 . 4  HL. IH). 
I 'C'  N M R  (('DC'I $ )  IOa: 6 22.6 ( 1 ) .  25.0 (d). 25.3 (1) .  27.8 (1). 121.0 (s), 
122.3 (d). I2h.X ( d ) ,  130.0 (5). 132.7 (s): lob: 6 22.1 ( t ) ,  24.5 (d). 25.9 
(1). 24.2 (1). 121.2 (5). 122.2 (d), 120.2 (d). 130.3 (s). 132.'7 (s); the ratio 
IOa/lOh 2.4: 1 was determined by "C N M R .  MS m /.I (M + ) calcd. 
103.046, obsd. 163.043. The mixture of IOa& can be stored in 
solution for several weeks at  - 25°C. N o  attempts were made to 
separate thc mixture. which showed one spot on TLC. 

( (0  Using 4 as ii precursor for 1.  Dione 1 1  was prepared analogously 
to the procedure described for 6a from 4 (369 mE.. 1.0 mmol).  
1.4-naphthoquinone [316 mg. 2.0 mmol. technical grade. wiik recrys- 
t;illized from petroleum ether (h.p. XO-1 I0"C). n1.p. I !3.5-125.O0C] 
and Bu ,NF (400 mg, 1.3 mmol)  using CH,<'I, ;IS solvent. instead o f  
acetonitrile. After addition o f  the Bu,NF. air was butibled through 
the solution f o r  I h .  After removal of the solvent. acetonitrile was 
added. A brown solid was collected and washed with acetonitrile. 
yielding 1 1  (230 mg. X7?). ni.p. 244-246°C. ('rystallization (from 
Mc,SO) gave analytically pure material. n1.p. 24&247'C. I H N M R  
(CDCI,): 6 7.45-7.95 (m, 4H). X.15-8.55 (rn, 2li), X.72 ( 5 ,  IH), 8.X2 
(5, I H). "C  NMR (CDCI I.  only C'-li-coupled signals were observed) 
6 122.5 (d), 123.2 (d), 125.1 (d) ,  127.2(d). 132.3 (d), 133.9 (d). IR  
(Kl3r) 3090, 1670. 1575. 1379. 1290, 1170. 965. 770. 7 . 0  c m - I .  MS 
m/: ( M  + ) calcd. 264.024. o b d  264.025. Anal. calcd for C , , H , S 0 2 :  
(' 72.21. H 3.05, S 12.13; found: C' 72.45. t 1  3.25. S 12.10%. 
( 1 ) )  Using 5a as precursor for 1. The procedure describ(:d above was 
followed, using 5a (397 mg, 1 .0  mmol), 1,4-naphthoquinone (316 mg, 
2.0 rnmol) and Bu,NF (350 mg. 1 . 1  mmol. which was added in  the 
courw o f  2 ;  h) .  Yield 107 mg (41%) of 11. m.p. 244-246°C. 

( a )  Using 4 ;IS precursor for 1. A procedure analogously to the one 
described f o r  6a was followed using 4 (738 mg. 2.0 mmol),  diisopropyl 
nzodicarboxylate (404 my. 2.0 mmol) and Bu,NF (670 rng, 2.13 
mmol). Work-up a s  described for 6a gave. by flash chramatography 
(silica gel, ether/pentane 1 : 1 ). 509 mg (82%') o f  I2a as  a colorless 
oil. which solidified o n  standing, m.p. 63-65°C. Andytically pure 
material was obtained by hub-to-bulb distillation at 170°C (0.02 
mmHg), m.p. 67-68°C. ' H  N M R  (CDCI,): 6 I .2h (d, J 5.9 Hz. 12H). 
4.09-4.65 (hr ni. 211). 4.75-5.47 (hr m) and 5.05 (septet, J 5.9 Hz. 
together 3H). 6.92 (d. J 5.8 Hz, IH), 7.30 (d, J 5.8 Hz, IH).  " C  
NMR (CDC'13): 8 23.3 (q), 45.0 (I), 45.6 (t), 71.3 (d), 71.5 (d), 125.0 
(d), 125.6 ((1). 126.1 (s), 132.5 (s), 156.2 (s). MS m / z  (M'  ) calcd. 
312.1 14, obstl. 312.1 10. Anal. calcd for C l ,H21 ,N10JS :  C 53.X3. H 
6.45, N X.97. S 10.26: found: C 5337. H 6.69. N X.XX. S 10.10%. 

( h )  Using 5a iis precursor for I .  The procedure described ..ibove was 
followed, using 5a ( 199 nig, 0.50 mmol), diisopropyl ;irodic;irboxyl;ite 
(151 mg. 0.75 mmol) and Bu,NF (230 mg. 0.73 nimol. which wii\ 
added in the course o f  100 min). The reaction mixture wa\ \tirred 
overnight. After work-up. 144 mg (92%) of I2a w a s  isol;itcd. m.p. 
03-h5"C. 

12b was prepared ;inalogously to the procedure o f  6a. using 4 (74X 
mg, 2.0 mmol), diethyl azodic;irhoxylate (348 mg. 2.0 nimol) and 
Bu,NF (787 mg. 2.5 mmol). The reaction was monitored by T1.C' 
(silica gel, ether) until dienophile was n o  longer detectable ( ( , t i .  I h). 
After work-up and purification by flash chromatography (4lic;i 
gel/cther). 12b was isolated as a colorless oil. which was unstiihle in 
neat state. Yield 4x5 mg (85%) .  ' I I  NMR (CDC'I \. 300 Mtiz): 6 I.% 
( t ,  J 7.2 Hz, 6t1). 4.1 1-4.63 (br m, 6H), 4.03-5.30 (hr  rn, 2H). 0.XO (<I, 
J 5 .5  I I z .  I f l ) ,  7.20 (d. J 5.5 IIz ,  111) .  I3C NMR (C'IIC'13):  ii 14.3 ((I), 
44.3 (hr t).  62.3 (1). 62.5 (1). 123.7 (d). 124.2 (d). 128.5. 1311.6 (hr 3).  

155.2 (hr s). MS m / z  ( M t  ) calctl. 2X4.083. ohsd. 2X4.083. 
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