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No reflections off the layer lines were observed. In addition, w 
scans of several reflections gave sharp symmetrical peaks with 
no evidence of twinning. 
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Benzo-condensed four-membered heterocyclic ring sys- 
tems are of special theoretical and synthetic interest be- 
cause of their valence isomerization between the strained 
benzenoid form (1-3) and the o-quinoidal form (4-6). 

Although benzazetines 1 are well documented since the 
work of Burgess and McCullagh, all the published benz- 
oxetes 2 in reality have been found to have different 
structures.4+ A few years ago we succeeded in the syn- 
thesis of the first benzothiet 3a.l~~ The parent compound 
3 has been prepared by degradation of the ester 3a9 or 
more conveniently by flash pyrolytic methods, namely by 
decarboxylation of the benzothiophene dioxide 8loJ1 or by 
decarbonylation of the thiolactone 912 (Scheme I). 

This easy access renewed the interest to continue our 
studies of the chemistry of 3. Here we report the cyclo- 
addition products from the thermal or photochemical ac- 
tivation of 3 in the presence of dienophiles. The aim was 
to find a convenient synthesis of 4H-1-benzothiopyrans and 
their 2,3-dihydroderivatives. 

In boiling toluene, benzothiet (3) dimerizes to give 1,5- 
dibenzo[b,fldithiocin (10),lo whereas on being allowed to  

stand at room temperature in pure state for several days, 
3 oligomerizes. 13C and 'H NMR spectra and the mass 
spectrum gained with the field-desorption technique reveal 
that the main component is the octamer 11. Both reactions 
are regiospecific and presumably proceed via the inter- 
mediate formation of 6 by the opening of the four-mem- 
bered ring. 

In the presence of dienophiles these processes can be 
largely suppressed in favor of [,4, + ,2,] or [,8, + ,2,] 
cycloaddition reactions; however, depending on the re- 
activity of the dienophile a small portion of benzothiet is 
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Table I. Yields of Cycloadducts 
13,15,17,18, and 20 and the Dimer 10 

yield 
cycloadduct of dimer 

dienophile method (yield, 7%) 10, % 

12 A 13 (65) 20 

14 A 15 (76)  10 

16 A 17 (521, 20 

19 A 20 (25) 55 

12 h v  13 ( 5 7 )  

14 hv 15 (66) 

18 (13) 

converted to the dimer 10 (see Table I). In the case of 
unsymmetrical dienophiles a regioselectivity can be ob- 
served which corresponds to the polarity of both compo- 
nents; i.e., the negative sulfur adds preferentially to the 
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Table 11. I3C NMR Absorptions" of the Compounds 3, 10, 11, 13, 15,17, and 20 
absorption " 

compd Crluat C,O, CH, 
3 142.6, 139.5 128.6, 123.9, 122.6, 121.0 36.5 
1 0  134.1, 134.1 130.0, 128.6, 127.0, 127.0 37.9 
11 138.2, 135.7 131.9,129.9, 127.8, 126.8 38.1 
1 3  137.4, 132.5, 128.5.127.8. 127.1. 126.3 33.7 

130:5, 127:4 

130.3 128.2. 128.2. 126.3 
1 5  136.6, 131.5, 129.1, 129.1, 129.1, 128.7 32.3 

17 132.2, 132.0 130.1, 126.7, 126.4, 124.4 32.1, 28.6 

20 131.5, 131.0 129.8, 126.3, 126.3,124.5 40.1, 29.7, 29.5, 22.5 

a 6 values; CDCI, solutions with Me,Si as an internal standard. 

carbon with the  partial positive charge. Thus the con- 
siderable synthetic utility of benzothiet as a sulfur-con- 
taining diene is demonstrated here in the preparation of 
4H-1-benzothiopyran or 2,3-dihydro-4H-l-benothiopyran 
(thiachroman) derivatives. 

Brief examination of the photochemistry of 3 revealed 
that the same cycloaddition reactions can also be initiated 
by irradiation. However, in this process, only a small 
amount of polymeric material and not the dithiocin 10 was 
observed as a byproduct. 

Structure elucidations have been performed on the basis 
of careful analytical investigations. T h e  13C chemical shifts 
are listed in Table 11. 15 is identical with the compound 
obtained in the photolysis of 3H-l,2-benzodithiole 2,2- 
dioxideI3 or of 1-thia-2-indanone (9)14 in  the presence of 
N-phenylmaleimide (14, Scheme 11). 

Experimental Section 
Melting points were taken in a Buchi melting point apparatus 

and are not corrected. 'H and 13C NMR spectra were run on 
Bruker WH-90 and WP-80 instruments. The IR spectra were 
recorded on a Perkin-Elmer 21 spectrometer. Mass experiments 
were performed on a Varian MAT 711 A instrument. 

Benzothiet 3 by Flash Pyrolysis of 9>s 1-Thia-2-indanone 
( 9 , l  g) is slowly vaporized over a period of 4 h through a quartz 
tube (40 X 4 cm) filled with quartz chips held a t  1200 "C under 
0.1 mm pressure. The pyrolysate is condensed in a cold trap using 
liquid nitrogen. TLC of the pyrolysate shows the presence of only 
one product besides a trace of starting material. It is filtered 
through a short column (1.5 X 10 cm) of silica gel with petroleum 
ether (bp 30-50 "C) as the eluant to give 730 mg (90%) of ben- 
zothiet (3) as a colorless foul-smelling liquid. 

1,5-Dibenzo[b,f]dithiocin (10). Benzothiet (3; 61 mg, 0.5 
mmol) in 3 mL of dry toluene is heated to reflux for 3 h, the 
solvent evaporated, and the residue filtered through a short 
column (1.5 X 10 cm) of silica gel with petroleum ether (bp 30-60 
OC) as the eluant. Recrystallization from petroleum ether gave 
colorless crystals: 45 mg (75%); mp 170 "C (lit.16 mp 170-173 
"C); 'H NMR (CDC1,) 6 6.81-7.24 (m, 8 H, Ar H), 4.36 (br s, 4 
H, CH2). At lower temperatures a splitting of this singlet into 
two AB systems corresponding to a boat and a chair conformation 
(ratio 7624) is in accordance with the literature." 

Octamer 11. Benzothiet (3, 250 mg) on standing a t  room 
temperature for 30 days becomes viscous. When it is dissolved 
in 1 mL of dichloromethane and diluted with petroleum ether 
(bp 30-60 "C), 50 mg (20%) of a colorless solid, 11, can be isolated. 

(13) A. G .  Hortmann, A. J. Aron, and A. K. Bhattacharya, J. Org. 
Chem., 43, 3374 (1978). 

(14) G .  Jacquin, J. Nasielski, G. Billy, and M. Remy, Tetrahedron 
Let t . ,  3655 (1973). 

(15) The reaction conditions of ref 12 have been slightly modified. 
(16) W. D. Ollis, J. S. Stephanatou, J. F. Stoddart, and M. Nogradi, 

J. Chem. SOC., Perkin Trans. I ,  1421 (1978). 
(17) R. Crossley, A. P. Downing, M. Nogradi, A. Braga de Oliveira, W. 

D. OW, and I. 0. Sutherland, J.  Chem. Soc., Perkin Trans. I ,  205 (1973). 

other I3C nuclei 

165.1 (CO), 165.1 (CO), 
53.1 (OCH,), 52.6 (OCH,) 

176.1 (CO), 175.0 (CO), 
44.4 (CH), 44.1 (CH) 

173.8 (CO), 52.2 (OCH,). -. 
39.6 '(cH j 

208.1 (CO), 48.1 (CH), 
42.5 (CH) 

Unchanged 3 (80%) remains in solution. 11 gives no sharp melting 
point: 'H NMR (CDCl,) 6 7.02-7.34 (m, 32 H, Ar H), 4.12 (s, 16 
H, CHJ; IR (CHClJ 3060,3000,2930,2860,1587,1465,1448,1060, 
1040 cm-'; MS (FD) m / e  976 (M'.). Anal. Calcd for C5BH48S8: 
C, 68.88; H, 4.91; S, 26.23. Found: C, 68.01; H, 4.71; S, 25.50. 

General Procedure for the  Cycloaddition Reaction of 
Benzothiet 3 with Dienophiles. Dimethyl 4H-1-Benzo- 
thiopyran-2,3-dicarboxylate (13). A solution of benzothiet (3; 
61 mg, 0.5 mmol) and dimethyl acetylenedicarboxylate (12; 100 
mg, 1.4 equiv) in dry toluene (3 mL) is refluxed for 3 h, the solvent 
evaporated, and the residue chromatographed over a short column 
(10 X 1.5 cm) of silica gel with petroleum ether (bp 30-50 
OC)/dichloromethane (9:l) as the eluant. The fast-moving di- 
thiocin 10 is isolated, followed by 13 as viscous liquid. 10 yield 
12 mg (20%). 13: yield 86 mg (65%); 'H NMR (CDClJ 6 
7.20-7.40 (m, 4 H, Ar H), 3.86 (8 ,  3 H, CH,), 3.81 (8 ,  3 H, CH,), 

(M), 1610,1570,1435,1270,1260,1240,1195,1130,1040 cm-'; 
mass spectrum, m / e  (relative intensity) 264 (M'.; 24), 233 (27), 
232 (65), 217 (9), 205 (50), 174 (32), 163 (lo), 146 (loo), 134 (ll), 
102 (14), 84 (32). Anal. Calcd for C13H1204S: C, 59.09; H, 4.55; 
S, 12,12. Found: C, 59.21; H, 4.39; S, 12.00. 
1,3-Dioxo-2-phenyl-l,3,3a,9a-tetrahydro-2H-pyrrolo[2,3- 

clbenzothiopyran (15). Benzothiet (3; 61 mg, 0.5 mmol) and 
N-phenylmaleimide (14; 95 mg, 1.1 equiv) were used as above to 
yield 15: 112 mg (76%); mp 167-168 OC (lit.14 mp 167-168 "C). 
All spectral and analytical data are identical with the reported 
values. 

Methyl 2,3-Dihydro-4H-l-benzothiopyran-3-carboxylate 
(17) and  Methyl 2,3-Dihydro-4H-l-benzothiopyran-2- 
carboxylate (18). Benzothiet (3; 61 mg, 0.5 mmol) and methyl 
acrylate (16; 129 mg, 1.5 equiv) were used as above to give yields 
of 17 and 18 of 94 mg (65%). Glass capillary chromatographic 
analysis shows a product ratio of 7921: 'H NMR (CDCl,) 6 
7.00-7.25 (m, 4 H, Ar H) 2.76-3.21 (m, 5 H, aliphatic protons); 
two separate signals are observed for the methyl protons, 17 at 
6 3.74 (s,3 H, CH3) and 18 at 6 3.76 (8 ,  3 H, CH,); IR (CC14) 3060, 
3000,2950,1740 (C=O), 1480,1435,1360,1308,1255,1170,1190 
cm-'; GC/MS, m / e  (relative intensity) for 17 208 (M+-, 80), 177 
(2), 149 (46), 148 (loo), 147 (85), 134 (30), 116 (37), 115 (29), 103 
(5) ,  77 (14); for 18 208 (M'., 38), 178 (l), 149 (loo), 148 (14), 147 
(19), 134 (20), 116 (33), 105 (3). Anal. Calcd for CllHI2O2S: C, 
63.46; H, 5.77; S, 5.77; S, 15.39. Found C, 63.20; H, 5.51; S, 14.68. 
1-0xo-l,2,3,4,4e,9e-hexahydrothioxanthene (20). Benzothiet 

(3; 61 mg, 0.5 mmol) and 2-cyclohexenone (19; 72 mg, 1.5 equiv) 
were used as above to give 20 yield 28 mg (25%); mp 134-135 
OC (colorless crystals from petroleum ether (bp 30-50 "C); 'H 
NMR (CDCI,) 6 6.92-7.18 (m, 4 H, Ar H), 3.93 (m, 1 H, HC-Sa), 
3.02 (9, 1 H, HC-4a), 3.32 and 2.73 (AB part, 2 H, H2C-9, 2Jm 
= 15.5 Hz). IR (KBr) 3070,3000,2940,2870,1700 (C=O), 1565, 
1480,1435,1420,735 cm-'; mass spectrum, m / e  (relative intensity) 

(90), 115 (12), 91 (15), 84 (20). Anal. Calcd for C13H140S: C, 71.55; 
H, 6.42; S, 14.68. Found: C, 72.06; H, 6.84; S, 14.48. 

Photolysis. A solution of 61 mg of benzothiet (3) and 95 mg 
of N-phenylmaleimide (14) in 140 mL of dry cyclohexane is ir- 
radiated by using a 450-W Hanovia mercury medium-pressure 
lamp (with Pyrex filter, h 2 280 nm). The temperature of the 

3.67 (8,  2 H, CHJ; IR (CCld) 3085, 3000, 2950, 2840, 1740, 1720 

218 (M'., loo), 185 (a), 173 (16), 161 (20), 147 (89), 135 (38), 134 
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reaction vessel is maintained below 20 "C by cold water circulation. 
After 3 h, the solvent is evaporated under vacuo, and the product 
is isolated by using a silica gel column (1.5 X 10 cm): yield of 
15, 97 mg (66%); recovered benzothiet, 6 mg (10%). 

A similar experiment with dimethyl acetylenedicarboxylate (12) 
gave 13 in 57% yield. The recovery of benzothiet was 22%. 
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In recent years a considerable amount of information 
about 13C-13C spin-spin coupling constants has become 
available,' confirming their potential utility for solving 
stereochemical problems. Although observation of 13C-13C 
couplings usually requires 13C-enriched materials, which 
prevents them from being routinely accessible a t  present,2 
the usefulness or even uniqueness of the stereochemical 
information provided by 13C-13C coupling constants may 
sometimes make their use attractive, especially when in- 
troduction of the necessary label is straightforward. We 
report a case belonging to this category. 

Proacacipetalin (la),3 a natural glucoside occurring in 
Acacia species, undergoes isomerization in base to the 
conjugated isomer 2a, a~acipetalin.~ The stereospecific 

H2cHcN H3C OR H3cxcN H3C OR 

1 2 

DH2C H3cxcN OR 
DH2cXcN H3C OR 

3 L 

- o R =  P-Q-glucopyronosyl 
- b R =  2-tetrohydropyronyl 

- 
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nature of the isomerization became apparent when the 
reaction was carried out in deuterium oxide, which re- 
sulted3 in incorporation of one deuterium atom per mol- 
ecule of product exclusively into the more shielded ('H and 
I3C NMR spectra) of the two methyl groups of 2aa3 Sim- 
ilarly, lb, a synthetic analogue of proacacipetalin, is con- 
verted by base to 2b, and isomerization in methanol-d 
yields a product containing one deuterium atom in the 
more shielded methyl group. However, unambiguous as- 
signment of the methyl resonances in lH and 13C NMR 
spectra of 2a and 2b, and thus a decision as to whether 
the deuterated products are the 2 isomers 3a and 3b or 
the E isomers 4a and 4b, cannot be made immediately. 

Earlier studies on a,@-unsaturated carboxylic acids and 
esters indicated that vicinal 13C-13C coupling constants 
across a double bond may be suitable for differentiation 
between E and 2 That the relationship 
3Jci, < 3Jtrane, familiar for 'H-lH and also established for 
13C-lH coupling  ons st ants,^-^ is likewise valid for vicinal 
13C-13C couplings to the nitrile group in a,@-unsaturated 
nitriles is now demonstrated by measurement of 13C NMR 
spectra of 5-7 (Table I). The ratio 3Jh/3J- for couplings 

RgN R 

either within the same molecule (7) or in an E,Z isomeric 
pair (5 and 6) is 0.5-0.6 and overlaps the range of 0.55-0.7 
already established1° for 'HC=CX (X = lH, 13C) couplings 
in ethene and propene and their monocyano derivatives. 
For 'HC=CX couplings in monomethoxy and monoacet- 
oxy derivatives of ethene and propene both 3 J ~ s  and 3JJtr, 
are substantially reduced, and their ratio appears to be 
slightly lower (0.4-0.5).1° Synthesis of 2b enriched with 
I3C in the nitrile group and measurement of three-bond 
13C-13C coupling constants to the methyl groups (Table 
I) show that the constants are reduced as expected com- 
pared with those of 7 by attachment of an oxygen atom 
to the double bond, for 3Jh is still clearly lower than 3Jtrm, 
their experimental ratio being 0.6 rather than its reciprocal. 
Thus the high-field methyl resonance of 2b (and conse- 
quently also that of 2a) must be assigned to the methyl 
group trans to the nitrile group, and the deuterated 
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40, 3571. Wuolijoki, E. Suom. Kemistil. B 1966, B39, 36. Feeney, J; 
Sutcliffe, L. H. Spectrochim. Acta, Part A 1968, 24A, 1135. Lequan, 
R.-M.; Simonnin, M.-P. Bull. SOC. Chim. Fr. 1970,4419. Williams, L. F.; 
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