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A structurally interesting but little known compound 
type is represented by 3,4-dialkylidenethiolanes. The 
parent compound, 3,4-dimethylenethiolane (I), is, for in- 
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stance, an unusual (double) exocyclic isomer of 3,4-di- 
methylthiophene. One notes also that the carbon frame- 
work of 1 corresponds to that of tetramethyleneethane (2); 
for the case of 3, for which we developed a synthesis, the 
sulfur bridge separating the 3,4-dimethylenethiolane from 
a tetramethyleneethane was removed by means of an in- 
direct route.' 

Syntheses of 3,4-dialkylidenethiolanes have been re- 
stricted to 1,2 which polymerizes readily, and 3.l We report 
here a synthesis of 2,2,5,5-tetramethyl-3,4-dimethylene- 
thiolane (4) following the path used for the synthesis of 
3. 

Appropriate manipulation of the cycloadducts (5 )  ob- 
tained from 1,3-dipolar cycloaddition of a thiocarbonyl 
ylide3 to dimethyl acetylenedicarboxylate forms the basis 
of the synthesis (Scheme I). All the reactions proceeded 
without notable complications once optimum conditions 
were found (see Experimental Section). The thiolane 4 
is somewhat unstable toward polymerization, at least diz 
rectly after its preparation from zinc/copper couple, per- 
haps owing to trace amounts of metal in the diene. It was 
usually prepared directly before use from dibromide 7. 
The debromination proceeds quantitatively, and removal 
of metal by filtration leaves virtually pure 4 in solution. 
Well-purified samples of 4 are entirely stable. 

Some of the reactions carried out on 4 are shown in 
Scheme 11. 

Oxidation of 4 to sulfone 11 proceeded smoothly without 
detectable amounts of reaction at  the double bonds. 11 
is extremely stable, not undergoing decomposition or po- 
lymerization even on vigorous heating; 11 is also very in- 
soluble and dissolves poorly only in chlorinated solvents. 
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Cycloadditions with dimethyl azodicarboxylate or tetra- 
cyanoethylene failed with 11. 

These dienophiles reacted smoothly, however, with 4 to 
give cycloadducts 8 and 10, respectively. The former was 
oxidized readily to sulfone 9; all attempts, either thermal 
or photochemical, to remove SO2 from 9 (eq 1) failed. 

CHIOzC C02CHI 
\ /  

15 ( n o t  f o u n d )  

The failure to obtain 15 prevented us from going any 
further in a tetramethyleneethane synthesis along the lines 
described earlier.' Difficulty in removing SO2 from 
2,2,5,5-tetramethylbutadiene sulfones has been encoun- 
tered b e f ~ r e ; ~  apparently steric crowding of opposing 
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methyl groups during disrotatory ring opening is the cause 
of the failure of the reaction. 

The cycloaddition product  8 as well as its sulfone 9 
exhibited at 25 "C two sets of absorptions for the 2,5- 
methyl groups in the 'H NMR spectrum. This is con- 
sistent with slow inversion rates of the pyramidal nitrogen 
atoms relative to the 'H NMR t i m e  scale and overall C2 
symmetry of 8 and 9. Coalescence occurred for 8 at 96 "C 
(AG* = 19.9 kcal /mol)  and for 9 at 86 "C (AG' = 19.4 
kcal/mol). 

The smooth cycloadditions of 4 and 11 with singlet ox- 
ygen were somewhat surprising. No spectroscopic evidence 
of sulfur oxidation products  from 4 was obtained despite 
the known high reactivity of aliphatic sulfides towards 
singlet oxygen.5 The structures of the cyclic peroxides 12 
and 13 were established by  analysis of 'H NMR, IR, and 
analytical data (see Experimental Section). The thermally 
induced rearrangements  of Diels-Alder adducts  with sin- 
glet oxygen to diepoxides is well-known.6 In pyridine, 12 
rearranged on warming, as judged by the 'H NMR spectra, 
to a product that was likely 16 (eq 2). We were unable  
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to isolate this compound, however. Thermal reactions of 
13 led only to uncharacterized material. Details of these 
experiments are given in the Experimental  Section. 

Repeated attempts to add dichlorocarbene under 
phase-transfer conditions7 to 4 to give bis(1,l-dichloro- 
cyclopropane 1 derivatives, which are excellent precursors 
of diallenic compounds,8 resulted only in polymerization 
of 4. 

Preparation of the iron tricarbonyl complex 14 was 
eventual ly  accomplished af ter  several unsuccessful ap- 
proaches via the route shown in Scheme 111. The complex 
14 is a potential precursor of a metal-complexed tetra- 
meth~leneethane,~ al though we have not carried out a n y  
experiments designed toward this transformation. T h e  
dark red complex of Fe(CO), and tetrahydrofuran ( T H F P  
reacts with 4 to generate complex 14. Careful monitoring 
of the course of t h e  reaction by IH NMR spectroscopy 
allowed the detect ion of two intermediates  tentat ively 
assigned structures 17 ['H NMR (C6D6) 6 1.45 (s, 12, CHJ, 
5.15 (s, 2, vinyl H) ,  4.60 (s, 2, vinyl H)]  and 18 ['H NMR 

3 Hz, vinyl HI, 4.40 (d, 2, J = 3 Hz, vinyl H)]  on  the basis 
of the chemical shifts and observed chemistry. (Complex 
14 has vinyl absorptions at 6 1.30 (d, 2, J = 3 Hz) and 6 
-0.35 (d, 2, J = 3 Hz.) Initial a t tack  of iron carbonyl at 
sulfur in an unsaturated sulfide has good chemical pre- 
cedent. " 

(C6D6) 6 1.40 (s,  6, CH3), 1.20 (s, 6, CH3), 1.10 (d, 2, J = 
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Consideration of the above results leads to the conclu- 
sion that either the diene system of 4 or  t h e  sulfur atom 
is susceptible to appreciable and selective manipulat ion.  
The derived products offer numerous potential openings 
for the synthesis of carbon skeletons of structural interest. 

Experimental Section 
3,4-Bis(methoxycarbonyl)-2,2,5,5- tetramethyl-2,5-di- 

hydrothiophene (5). The following procedure is an improved 
version of literature  procedure^.^^.^ Addition of chlorine in the 
usual way3" to acetone azine gave the dichloro azo compound which 
was used directly. In a heavy-walled glass tube was put 20 g (0.11 
mol) of dichloro azo compound dissolved in 30 mL of CHC1, (it 
is essential that the concentration be very high). The contents 
were cooled to -180 "C and a large excess of H2S was condensed 
in the tube, which was then melted shut. The tube was shaken 
for 3 days at  room temperature and opened, and the contents of 
the tube were taken up in CH30H. The insoluble salt was filtered 
off. The organic material was carefully recrystallized from a little 
CH30H to give 8 g (55.6 mmol, 51% yield) of 2,2,5,5-tetra- 
methyl-1,3,4-thiadiazoline, mp 92.7-93.5 "C. The thiadiazoline 
(4.5 g, 31 mmol) was dissolved in 50 mL of a 10:l methylcyclo- 
hexane/benzene mixture and was added, a t  a rate of 1-2 
drops/min, to dimethyl acetylenedicarboxylate (17 g, 119 mmol) 
in 25 mL of refluxing methylcyclohexane. The total addition time 
was 8-10 h. After addition was complete, reflux was continued 
for 24 h. (Slow addition is essential for a good yield of cycloadduct; 
otherwise tetramethylthiirane is formed.) Distillation of the crude 
product gave 5, bp 85-90 "C (0.05 mm), which was recrystallized 
from pentane to  give 4.3 g (17 mmol, 53% yield) of product, mp 

2,4-Bis( hydroxymethyl)-2,2,5,5-tetramethyl-2,5-dihydro- 
thiophene (6) was prepared by reducing 5 (1 g, 3.9 mmol) dis- 
solved in 15 mL of diethyl ether in a slurry of LiA1H4 (300 mg, 
7.9 mmol) in 15 mL of diethyl ether to which AlC13 (400 mg, 3 
mmol) had been added. Workup with 10% HCl solution and 
extraction with ether followed by drying over MgSOl gave a heavy 
oil that slowly became crystalline. Recrystallization from pe- 
troleum ether (bp 40-60 "C) gave 6 (700 mg, 3.46 mmol, 89% 
yield): mp 90-91.5 "c ;  'H NMR (C6D6) b 1.45 (s, 12, CH,), 3.35 
(s, 2, OH), 4.0 (s, 4, CH,); IR (neat) 3100-3500 cm-' (br, OH). Anal. 
Calcd for C1&11802S: C, 59.41; H, 8.91; S, 15.84. Found: C, 59.24; 
H, 8.94; S, 15.66. 
2,2,5,5-Tetramethyl-3,4-dimethylenethiolane (4). A stirred 

solution of triphenylphosphine (1.57 g, 6 mmol) in 10 mL of 
CH3CN was cooled in an ice bath. Br2 was added to this solution 
until the bromine color just remained (ca. 1 g). The diol 6 (600 
mg, 2.9 mmol) dissolved in 10 mL of CH3CN was added quickly; 
the reaction mixture was warmed until homogeneous and 
thereafter stirred at  room temperature for 1 h. Removal of the 
solvent left a yellow-white solid and an oil which were taken up 
in a mixture of petroleum ether (bp 40-60 "C)/acetone (4/1). 
Elution over a silica gel column gave 0.9 g (2.75 mmol, 95% yield) 
of 7, 'H NMR (c&) b 1.40 (s, 12, CH,) and 3.75 (s, 4, CH,), which 
was usually pure enough for further use. Careful recrystallization 
from C2H50H gave material, mp 6 M 1  "C. Additional purification 
can, if necessary, be achieved by a second passage over an alumina 
column. The dibromide is somewhat unstable and was used 
immediately; further characterization was omitted. 

C U ( O ~ C C H ~ ) ~  (400 mg, 2.2 mmol) was warmed and stirred in 
15 mL of acetic acid until the solution became homogeneous. To  
the hot and well-stirred solution was added Zn powder (7 g, 107 
mmol). Stirring was continued for 1 min, the solution was allowed 
to stand for 1 min, and the solid was isolated by filtration (P-4 
glass filter). The solid was washed with 10 mL of CH3C02H and 
thereafter 4 times with 20-mL portions of dry ether. The zinc- 
copper couple (1 g) was suspended in 15 mL of dry ether and 
dibromide 7 (1 g, 3 mmol) dissolved in 10 mL of dry ether was 
added. Stirring was continued for 2 h and the precipitate was 
removed by filtration. The crude reaction product in ether was 
washed with 10% NaHC03 solution (to prevent dibromide 7 from 
being re-formed by Br, addition). A white precipitate of ZnBr2 
formed. Removal of the ether layer followed by drying over 
MgS04 and removal of the solvent left 500 mg (3.84 mmol, 100% 

80-82.5 "C." 

yield) of 4: 'H NMR (C&,3) 6 1.6 (s, 12, CHR), 4.7 (s, 2, HCH=), 



2546 J. Org. Chem. 1980,45, 2546-2548 

Scheme I11 
hV 

Fc(CO15 __.c Fc(CO14 + C O  

F c ( C 0 i L  t THF ____c FelCOl,,-THF 

FelCOl ,  

t 
1 

F t ( C O 1 ,  -i H F  

5.3 (s, 2, HCH=); UV (CzH50H) A,, 230 nm (t not known 
because of unknown amount of impurities in 4). 

No attempt was made to obtain an elemental analysis owing 
to the instability of the diene. It was normally prepared imme- 
diately before use in a reaction since polymerization can occur 
on storage. 
2,2,5,S-Tetramethyl-3,4-dimethylenethiolane 1,l-dioxide 

(11) was prepared by oxidation a t  0 "C of 4 (200 mg, 1.19 mmol) 
with 85% m-chloroperbenzoic acid (500 mg, 2.5 mmol) in CHC13. 
The reaction mixture was worked up after 12 h (NaHS03 solution, 
HzO, drying over MgS04). There was obtained 11 (200 mg, 1.11 
mol, 93% yield): mp 118-120 "C (from CHzClz); 'H NMR (CC14) 
6 1.40 (s,12, CH3), 5.00 (8, 2, HCH=), 5.50 (s, 2, HCH=); IR (KBr) 
1100 and 1300 cm"' (SOz). Anal. Calcd for CloH160zS: C, 59.95; 
H ,  8.07; S, 16.00. Found: C, 59.90; H, 8.04; S, 16.04. 

Cycloaddition of 4 with  dimethyl azodicarboxylate was 
carried with thiolane 4 (200 mg, 1.19 mmol) and dimethyl azo- 
dicarboxylate (300 mg, 2 mmol) in 40 mL of dry CBHe. The 
solution was refluxed overnight. After workup (washing with 
NaHS03 until colorless, thereafter with HzO, drying over MgS04) 
there was obtained pyridazine 8 (300 mg, 0.96 mmol, 80% yield) 
as spectrally pure material; short-path distillation (0.01 mm, free 
flame, boiling point not measurable) led to further purification. 
At room temperature 8 has 'H NMR (C6De) 6 1.30 (8, 6, CH,), 
1.45 (e, 6, CH3), 3.60-3.90 (complex, 4, CHh, and 3.50 (s,6, OCH3). 
Coalescence of the 2,5-CH3 signals occurred at  96 "C. 

The pyridazine 8 (200 mg, 0.64 mmol) was oxidized with m- 
chloroperbenzoic acid (400 mg, 2 mmol) at 0 "C. After standing 
overnight the reaction mixture was worked up  to  give after re- 
crystallization from (C2H5)z0/CHC13 (10/1) the sulfone 9 (180 
mg, 0.52 mmol, 81% yield): mp 146-147.5 "C; 'H NMR (C6D6) 
6 1.20 (s,6, CH,), 1.35 (s, 6, CH& 3.75-4.0 (complex, 4, CHz), 3.70 
(s, 6, OCH3). Coalescence of the 2,5-methyl groups occurred a t  
86 "C. Anal. Calcd for CI4HazNzO6S: C, 47.6; H, 5.41; N, 7.1; 
S, 8.3. Found: C, 48.2; H, 6.4; N, 8.1; S, 9.1. 

Attempts to  improve the elemental analysis failed. 
Neither on heating to 250 "C (above that temperature charring 

occurs) nor on irradiation was any trace of SOz elimination from 
9 found. 

Cycloaddition of 4 with tetracyanoethylene was carried out 
with thiolane 4 (200 mg, 1.19 mmol) and tetracyanoethylene (200 
mg, 1.5 mmol) in tetrahydrofuran. The solution was refluxed 
overnight. Removal of solvent and three crystallizations from 
petroleum ether (bp 40-60 "c)/c& (10/1) gave 10 (220 mg, 0.74 
mmol, 63% yield): mp 202-204 "c;  'H NMR (C6D6) 6 1.15 (s, 
12, CH3), 2.35 (s, 4, CHz). Anal. Calcd for C16H16N4S: C, 64.83; 

H, 5.41; N, 18.90; S, 10.82. Found: C, 64.80; H, 5.42; N, 18.75; 
s, 10.54. 

Reaction of 4 with  singlet oxygen was carried out a t  15 "C 
in a double-walled vessel cooled with KzCrz07 solution and ir- 
radiated externally with a Philips F/28 UV lamp. Oxygen was 
bubbled through the solution. A solution of 4 (100 mg, 0.6 mmol) 
in 60 mL of dry benzene was irradiated for 10 h in the presence 
of 10 mg of tetraphenylporphine. The solvent was removed, a 
small amount of CHBOH was added, the insoluble tetraphenyl- 
porphine was removed, and the remaining material was recrys- 
tallized from a minimum amount of n-hexane to give 12 (110 mg, 
0.55 mmol, 92% yield): mp 105-107 "C; 'H NMR (C6D6) 6 1.35 

Heating of 12 in an NMR tube (pyridine solvent) at 70 "C for 
3 h gave rise to an unstable compound, 'H NMR 6 1.50 (s, 6, CH& 
1.60 (s, 6, CH3), 1.40 (d, J = 9 Hz, 2, HCH), and 1.65 (d, J = 9 
Hz, 2, HCH), which may have been the diepoxide 16. Attempts 
t o  isolate this compound failed and further heating led to de- 
composition. 

Reaction of 11 with Singlet Oxygen. In the apparatus 
described above, sulfone 11 (70 mg, 0.35 mmol) was dissolved in 
50 mL of CHzClz to which 10 mg of Methylene Blue was added. 
All the material had been consumed after 15 h of irradiation. The 
Methylene Blue was removed from the reaction mixture by 
treatment with charcoal followed by addition of a small amount 
of silica gel. The residue was recrystallized from n-hexane to give 
13 (60 mg, 0.26 mmol, 74% yield): mp 166-170 "C; 'H NMR 

An acceptable elemental analysis could not be obtained. 
Preparat ion of i ron t r icarbonyl  complex 14 proceeded in 

a reproducible fashion by using the following procedure. A so- 
lution of thiolane 4 (150 mg, 0.89 mmol) and Fe(CO)5 (1.4 g, 7.12 
mmol) in 60 mL of dry tetrahydrofuran under a Nz atmosphere 
was irradiated for 3 days with a quartz-jacketed Hanovia TQ 81 
lamp, The crude reaction product was chromatographed over 
neutral alumina with petroleum ether (bp 4 M O  OC)/ether (1/1) 
as eluant. The yellow oil obtained was sublimed a t  40 "C (0.05 
mm). There was obtained complex 14 (70 mg, 0.228 mmol, 20% 
yield), mp 65-70 OC. The melting point remained broad despite 
further attempts a t  purification: 'H NMR (C6D6) 6 0.35 (d, J = 

1.63 (s ,6 ,  CH,); IR (KBr) 1990,2040, and 2100 (CO), 1650 cm-' 
(C=C); mass spectrum, m/e 308 (parent), 280 (-CO), 252 (-CO), 
224 (-CO); UV (hexane) A,, 208 and 215 nm; noise-decuupled 

(s, 12, CH3), 4.40 (s, 4, CHZ). 

(CeDs) 6 1.15 (s, 12, CH3), 4.20 (9, 4, CHJ. 

3 Hz, 2, HCH-), 1.30 (d, J = 3 Hz, 2, HCH=), 1.40 (s, 6, CH3), 

13C NMR (CSz/C&) 6 29.296, and 29.463 (H&=), 30.159 (CH3), 
36.474 (CHS), 54.246 ((CH3)zC), 118.243 (=CC=), 211.242 (CO). 
A t  -50 "C, the lowest temperature obtainable before the complex 
crystallized from solution, no indication of line broadening of the 
CO signal (freezing out of pseudorotation) was obtained. Anal. 
Calcd for C13H16Fe03S: c, 50.67; H ,  5.23; S, 10.40; Fe, 18.12. 
Found: C, 51.12; H, 5.42; S, 10.25; Fe, 17.73. 

Considerable material was lost during workup; reactions pro- 
ceeded, moreover, to only about 50% completion despite repeated 
cleaning of the lamp surface during irradiation. 

Reaction of 4 with Fe2(CO)9 in tetrahydrofuran at  66 OC gave 
also complex 14. 

Details of the 'H NMR spectra of reaction intermediates are 
given in the text. 
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