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Experimental Section 

2,2-Bis(methylsulfonyl)vinyl Ethyl Ether (4).  Into a magneti- 
cally stirred 250-mi round-bottom flask equipped with a 10-in. Vi- 
greux column were placed triethyl orthoformate (22.2 g, 0.15 mol), 
acetic anhydride (15.3 g, 0.15 mol), bis(methylsulfonyljmethane3 
(8.6 g, 0.05 mol), and anhydrous zinc chloride (1.5 9).  The reac- 
tion mixture was heated to 140" in an oil bath, and, after 6 hr, 
more triethyl orthoformate (22.2 g j  and acetic anhydride (15.3 g) 
were added. The oil bath temperature was raised to 160" and the 
remaining volatiles were distilled. The mixture was cooled to 25" 
and washed with hexane. The residue (12.6 g) was extracted with 
cold chloroform, the chloroform was evaporated under reduced 
pressure, and the residue (9.6 g) was recystallized from benzene 
(8.2 g, 72%): mp 124"; pmr (CDC13) 6 7.98 (s, l), 4.47 (4, 2 ) ,  3.28 
(s, 31, 3.17 (s, 31, 1.48 (t. 3 ) .  

Anal. Calcd for C6H120&: C, 31.57; H. 5.30; S, 28.09. Found: 
C, 31.17: H. 5.62; S, 27.95. 
2,2-Bis(methylsulfonyljvinylamine (la). 2,2-Bis(methylsul- 

fony1)vinyl ethyl ether (4 ,  41.7 g of 90% pure material, 0.167 mol) 
was dissolved in dry tetrahydrofuran (500 ml). The solution was 
cooled to -10" and anhydrous ammonia (3.9 g, 0.23 mol) was 
added, After 20 min the reaction was warmed to room tempera- 
ture. After 20 hr the reaction mixture was filtered to obtain the 
first crop (17.6 g) of the amine. Additional crops of la were ob- 
tained from the filtrate for a total yield of 29.1 g (8870). An ana- 
lytical sample recrystallized from ethyl acetate-benzene melted 
at  179-181", pmr (DMSO-ds) 6 8.62-7.33 (broad, 2 ) ,  7.83-7.50 
(broad, l),  3.08 (s, 3 ) ,  3.05 (s, 3). 

Anal. Calcd for C4H9N04S2: C, 24.14; H, 4.52; N,  7.04; S: 
32.15. Found: C, 24.27; H,  4.41; N,  7.03; S, 32.28. 
2,2-Bis(methylsulfonyljvinylaniline ( lb) .  A solution of 4 (8.15 

g of 9 0 7 ~  pure material, 0.032 mol), aniline (3.0 g ,  0.032 mol), and 
toluenesulfonic acid (100 mg) was combined in chloroform (100 
ml). After standing for 4.5 hr. the solvent was removed under re- 
duced pressure and the residue was chromatographed on silica 
gel. Elution with ethyl acetate-chloroform (1:6) gave the crude 
product (7.4 g, 83%). The analytical sample was recrystallized 
from benzene: mp 190-192"; pmr (DMSO-de) 6 9.82 (d, 1, J = 15 
Hz, S H ) .  8.20 (d ,  1. J = 15 Hz, HC=), 7.55-7.22 (m, 5),  3.28 (s, 
1). 3.22 (s. 1). 

Anal. Calcd for C10HI3NO4S2: C, 43.67; H,  4.73; K, 5.09. 
Found: C, 43.90: H. 4.69; 5 ,5 .10 .  

Compounds IC, Id, and  le. Compounds IC, Id, and l e  were 
prepared similarly; yields, melting points, and analyses are as 
follows. 

IC, 65%, 161-163". ilnal. Calcd for C:H15N04S2: C, 34.85; H. 
6.23; N, 5.82; S,  26.58. Found: C. 35.13; H. 6.41; N. 5.84; S, 26.34. 

Id, 7910, 106-108". Anal. Calcd for C B H I ~ X O ~ S ~ :  C. 37.63; H, 
6.71; N. 5.48. Found: C, 37.39; H, 6.73; N, 5.54. 

le, 8270, 132-136". Anal. Calcd for C ~ O H I ~ K ~ O ~ S Z :  C, 41.41; H,  
4.83; S,  9.66. Found: C, 41.38; H,  4.90: N, 9.53. 
2,2-Bis(methylsulfonyl)acetaldehyde Oxime (6). A solution of 

4 (22.8 g, 0.10 mol) in tetrahydrofuran (200 mlj was treated with 
hydroxylamine in methanol6 (0.105 mol). After standing for 16 hr 
at 25' the solvent was removed under reduced pressure. The resi- 
due was taken up in hot ethyl acetate, filtered, and crystallized 
to yield 6 (12.4 g, 58%): mp 171-173"; pmr (DMSO-ds) E (major) 
isomer 6 12.3 (s, 1, OH), 7.63 (d, 1, J = 8.5 Hz, HC=N), 6.33 (d,  1, 
J = 8.5 Hz, S02CHS02). 3.30 !s, 6, Me): 2 (minor) isomer 6 12.6 
(s, 1, OH), 7.18 (d,  1, J = 8.5 Hz, HC=S) ,  6.82 (d, 1, J = 8.5 Hz, 
SOZCHSOZ), 3.30 ( s .  6, Me) .  

Anal. Caicd for C4H9N05S2: C, 22.35; H, 4.18: N ,  6.52. Found: 
C, 22.55: H, 4.29; S,  6.70. 

~~r-[2,2-Bis(meth~lsulfonyl)vinyl]-N-methylaniline (If) .  2,2- 
Bis(methy1sulfonyl)vinylaniline ( l b ,  2.75 g, 0.01 mol), dimethyl 
sulfate (1.26 g, 0.01 mol). and potassium carbonate (2.76 g, 0.02 
mol) in acetone (70 ml) were heated at  reflux for 20 hr. The reac- 
tion mixture was cooled. filtered, and concentrated. The residue, 
3.0 g, was recrystallized from benzene-hexane, yield 2.15 g (75%). 
The analytical sample was recrystallized from benzene: mp 157- 
158'; pmr (CDClJ) 6 7.93 (s, l ) ,  7.63-7.12 (m,  5 ) ,  3.70 (s, 3) ,  3.32 
(s. 3),  3.27 (s. 3). 

Anal. Calcd for CllH1&04S2: C, 45.66; H, 5.23; N, 4.84. 
Found: C, 45.86: H. 5.32; S ,  4.92. 

'V- [ 2,2-Bis ( m e  t hylsulfonyl)vinyl] benzamide ( lgj,  2,2- 
Bis(methylsulfony1)vinylamine (3.98 g: 0.02 mol), benzoyl chlo- 
ride (2.81 g. 0.02 mol), and triethylamine (2.02 g, 0.02 mol) were 
combined in tetrahydrofuran (100 mi) and heated at reflux for 20 
hr. The mixture was cooled to room temperature, filtered to re- 

move triethylamine hydrochloride, and concentrated under re- 
duced pressure. The residue was washed with hexane (125 ml) 
and chromatographed over silica gel. The product was eluted with 
ethyl acetate-hexane ( 2 : l  j and recrystallized from isopropyl alco- 
hol: yield 3.92 g (65%); mp 179-181"; pmr ( D M s 0 - d ~ )  6 10.95 (d, 
1. J = 12.5 Hzj, 8.61 (d,  1, J = 12.5 Hzj, 8.17-7.50 (m, 51, 3.50 (s, 
3),  3.37 (s, 3).  

Anal. Calcd for CllH13N05SZ: C. 43.60; H, 4.28; N, 4.62; S, 
21.12. Found: C, 43.66; H,  4.38; N,  4.59; S, 21.28. 
l-[2,2-Bis(methylsulfonyljvinyl]-3-methylurea ( lh) .  2,2- 

Bis(methylsulfony1)vinylamine (3.98 g, 0.02 mol), methyl isocyan- 
ate (1.5 ml, 0.025 mol), and triethylamine (0.25 ml) were allowed 
to react at  25" in acetone (100 mi). After 1 hr the reaction mix- 
ture was heated at  reflux for 30 min and cooled and the acetone 
was removed under reduced pressure. The residue was recrystal- 
lized from acetone-hexane to  give the product (4.63 g, 90%): mp 
229-231"; pmr (DMSO-&) 6 9.67 (broad d, 1, J = 13 Hz), 8.34, 
(d ,  1, J = 13 Hz),  8.00 (broad, l),  3.17 (s, 6), 2.66 (d ,  3, J = 4 
Hz). 

Anal. Calcd for C6H1&0&: C ,  28.15; H,  4.68; N, 10.93. 
Found: C, 28.55; H, 4.63; N,  11.03. 
N-[2,2-Bis(methylsulfonyljvinyl]-p-toluenesulfonamide (li). 

2,2-Bis(methylsulfonyl)vinylamine (3.98 g, 0.02 mol) was dis- 
solved in dry tetrahydrofuran (150 mi).  A solution of n-butyllith- 
ium in hexane (13 mi, 0.02 mol) was slowly added, keeping the 
reaction temperature at  25'. p-Toluenesulfonyl chloride (3.81 g, 
0.02 mol) in tetrahydrofuran (25 mlj was added dropwise. After 3 
hr a second equivalent of n-butyllithium (0.02 mol) was added. 
After an additional 45 min the reaction mixture was poured into 
ice water (500 ml). acidified with hydrochloric acid, extracted 
with methylene chloride, dried (MgS04). and concentrated to 
give the crude product (6.95 g). Recrystallization from 957c etha- 
nol gave the pure product (4.0 g, 57%): mp 219-222"; pmr 

61, 2.43 (s, 33. 
Anal. Calcd for C ~ ~ H ~ S N O B S S :  C, 37.42; H,  4.25; N, 3.97. 

Found: C, 37.78; H,  4.41; N, 4.26. 
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Acidic cyclization of ylidenemalononitriles has proven 
to be a fruitful route to a variety of fused keto amides.ls2 
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Application of this procedure to the ylidenemalononitrile 
derivatives of benzosuberone and 2,3,4,5-tetrahydroben- 
zo[b]thiepinl has yielded compounds 1 and 2. This reac- 
tion has now been successfully applied to the 3,4-dihydro- 
1-benzoxepin-5(2H)-ylidenemalononitrile (3 ) .  

R& HZ H$& HZ H 3 C d  

l, Y=CH,; R = H  2$ Y=S 3, X = C(CN), 
5, Y=O; R = C H 3  6, Y = O  4, x = o  

Compound 3, which was readily available1 from 4,3 im- 
mediately produced a wine-red solution, similar to the 
formation of 1, when placed in polyphosphoric acid a t  85". 
Quenching the reaction yielded 5 as the only product with 
no indication of isomer 6. In contrast to the sulfur series,l 
use of sulfuric acid as the cyclizing media produced only 
small amounts of 5 .  On the other hand, no isolable mate- 
rial resulted when the 7-demethylated ylidenemalononi- 
trile (7) was subjected to either polyphosphoric acid or 
sulfuric acid. This result parallels that  in the sulfur se- 
riesl14 in which the position para to the heteroatom is sus- 
ceptible to electrophilic substitution. 

7, X = C(CN), 
a, x - 0  

9, R = H, CH3 

The structure of 5 was based on several lines of evi- 
dence: (a) white color analogous to that of l5 and in con- 
trast to the indenone 21 which is red; (b)  infrared bands 
a t  5.82 (ketone carbonyl) and 6.08 1.1 (amide carbonyl) 
which are in exact agreement with those recorded in our 
laboratory for 1; (c) ultraviolet absorptions at 245 and 
268-278 nm similar to those of 1;s and (d) an nmr spec- 
trum analogous to that of l6 possessing a vinylic proton 
absorption at 7 3.91. 

The formation of 5 was unexpected in view of the for- 
mation of noncyclized ring-sulfonated products when 97 

was subjected to similar conditions. The fact that  the 
reaction of 3 gives 5, analogous to the carbocyclic system, 
rather than 6, which would parallel the sulfur series, may 
be due simply to the similarity in size of 0 and CH2. The 
larger sulfur atom in the sulfur analog may cause greater 
puckering in the thiepin ring, favoring the exo double 
bond. 

Experimental Sections 
3,4-Dihydro-l-benzoxepin-5(2H)-ylidenemalononitriles. A 

400-ml xylene solution containing 190 mmol of either 44 or 8,9 33 g 
(500 mmol) of malononitrile. 12 g of ammonium acetate, and 36 
ml of glacial acetic acid was refluxed with the aid of a Dean- 
Stark trap until the collection of water ceased. The xylene solu- 
tion was cooled and decanted from a polymeric mass of malononi- 
trile in the reaction vessel. After this mass usas washed with xy- 
lene, the xylene fractions were combined and washed with water 
(3 X 100 ml). After drying over anhydrous MgS04, the xylene so- 
lution was concentrated in uacuo and the residue crystallized 
upon ice cooling. 
3,4-Dihydro-l-benzoxepin-5(2~)-ylidenemalononitrile ( 7 )  

was obtained in 65% yield as white needles from aqueous ethanol: 
mp 98-100"; ir (KBr) 4.50 i.1 (CN); nmr (CDCl3) T 2.36-3.10 (m, 4 
H, aromatic). 5.89 it, .I = 6 Hz, 2 H,  a to oxygen), 7.0 (t,  J = 6 
Hz, 2 H,  y to oxygen), 7.74 (pentet, J = 6 Hz, 2 H,  0 to oxygen). 

Anal .  Calcd for C13HloN20: C. 74.28; H, 4.77. Found: C, 74.30; 
H, 4.90. 

3,4-Dihydro-7-methyl-l-benzoxepin-5( 2H)-ylidenemalononi- 
trile (3) was obtained in 75% yield as yellow needles from cold 
aqueous ethanol: mp 60-62"; ir (KBr) 4.50 i.1 (CN); nmr (CDC13) T 

2.7 (m, 1 H,  aromatic), 2.88-3.15 (m, 2 H, aromatic), 5.91 (t ,  J = 
6 Hz, 2 H,  a to oxygen), 7.0 (t, J = 6 Hz, 2 H, y to oxygen), 7.72 
(s, 3 H, methyl), 7.75 (br, 2 H, p to oxygen). 

Anal .  Calcd for C14H12N20: C, 75.00; H, 5.35. Found: C, 74.73; 
H, 5.50. 

2,3,5,6-Tetrahydro-7-methyl-6-oxoindeno[7,l-~c]oxepin-5- 
carboxamide (5). Three grams (13.4 mmol) of 3 was slowly added 
to 40 g of mechanically stirred polyphosphoric acid at  85". The re- 
sulting solution became wine red almost immediately and stirring 
was continued at  85" for 1 hr. The resultant solution was poured 
in 1.8 1. of ice water and the insoluble material which resulted 
was filtered, washed with water, and air dried. Several recrystal- 
lizations from 95% ethanol yielded 47% of 5 as white prisms: mp 
186-188"; nmr (DMSO-&) T 2.9-3.15 (br, 2 H, aromatic), 3.91 
(br, 1 H,  vinyl), 5.75 (t, J = 4 Hz, 2 H, a to oxygen), 5.95 (broad 
s, 1 H, methine), 7.57-7.88 (5 H,  methyl singlet superimposed on 
multiplet of -CHz- B to oxygen); mass spectrum m / e  (re1 intensi- 
ty) 243 (72), 226 (62), 200 (79), 198 (47), 185 (50), 141 (47), 128 
(48), 115 (94), 44 (loo), and 18 (68). 

Anal .  Calcd for C14H13N03: C, 69.13; H, 5.35. Found: C, 68.97; 
H,  5.28. 
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The acid-catalyzed cyclization of 6 -  and y-unsaturated 
nitriles has received little study in the past. In the course 
of investigating the abnormal Beckmann rearrangement, 
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