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REACTIONS OF NUCLEOPHILES W I T H  

3,4-BIS(BRONOMETHYL)-2.5-DIHYDROTHIOPHENE-l,l-DIOXIDE 

w o s  r e o c t e d  w i t h  n-butylamine or s o d i u m  sulfide to give t h e  

sulfolene-fused pyrrolidine a n d  hydrothiophene, respectively 

w h i l e  its reaction w i t h  siloride g a v e  onZy t h e  1,d-elimination 

product. T h e  difference in reactivity can be esploined by t h e  

different nucleophilicity and basicity of t h o s e  reactanls. 

2.5-Dihydrothiophene 1.1-dioxides (3-sulfolcnes) are known to undergo thermal 

extrusion of So2 at moderately elevated temperature,' therefore, compounds 2 can 

be envisioned as precursors for the heterocyclic ortho-qulnodimethanes 1.2 The 

disuhstltution of 3,4-bis(bromo~ethyll-3-s~lf0lenes 3 3  w;th a su~tsble nuclaophile 

appears to be an attractive way for the preparation of 2 (Scheme I). 

4 
It was reported that the reaction of 3 with a primary arylamine gave the cycllzed 

product ( 2 ,  X = NArI while the reactlon falled in an attempt to reacr 3 with 

sodium sulfide to form its sulfur analogue. An insoluble polymer was reported to 

be the only obtainable product. We treated 3 with n-BuNH2 in dichlorornethane wrth 

or without the presence of sodium carbonate and found that it indeed gave 4 in 65% 

yield and that the success could be extended to the preparation of the sulfur 

analogue desplte the failure reported in l~terature.~ The reaction of 3 with Na2S- 

9H20 in 95% EtOH or wlth anhydrous Na2S in absolute EtOtl gave 5 in about 30% yield 

along with the formation of some gummy polymer. This reaction provldea a very 

convenient way for the preparation of the stable precursor of the hydrothlophene 

ortho-quinodimethane (1, X = s15 (Scheme 111. 



It is interesting that although 3 contains a reactive allyllc bromide 

functionallty, ~t li extraordinarily stable as compared w ~ t h  other allylic 

bromides. For example. 3 can be eluted through a silica gel column or HPLC column 

without any appreciable loss of material and remams unchanged in water for a few 

hours. A simllar phenomenon has been observed in another allyllc bromide, 4-brono- 

2-~ulEolene.~ The highly electron-wlthdrawlng sulfone funct~onality is bellewed to 

be responsible for the deactivation of the allylic bromides. 

The attempt of using the above strategy in the preparation of the oxygen analogue 

6 was U ~ S U C C ~ S S ~ U ~ .  Treatment of 3 with H20/pyridine resulted in the formation of 

a conplex mixture and treatment of 3 with Me3S1OSiMe3 in the presence of Bu NF 
4 

7 
gave only the 1.4-ellmination product 7 . Reaction of 3 wlth solld K2CO3 in 

dic!~lovmethane gave 7 almost quantitatively indicating the strong acidity of the 

o-pro:On and the extreme ease of the 1.4-elimination process. Reaction of 3 with 

2.4-pentanedione using K C03 as base also resulted in l,4-elimrnatlon without any 2 

detectable amount of the deslred substitution product 8 (Scheme :I). 

There a;e three possible pathways for the formarlon of 4 in t:?e rsactlon of 3 with 

BuriH2. One involves the dzie:: nucleophilic disujst~tution oC t:?e two bromides 

with the nitrogen atom (route a). The others involve Erst a;, a 'n lne  base induced 

1.4-elimination followed by either a substitution/l,4-adajjtio,? s=:.ue;ice (route b) 
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or a 1,4-addition/substitution sequence (route c ) .  The formation of 7 as a 

reaction intermediate (rn route b or cl 1s not impossible since the 1.4- 

elimination of 3 is so easy. However, the reaction of 7 with 1.2 equivalent of 

BuNH2 gave 9 and 10 without any detectable amount of 4 . '  In a similar reaction 

where BuNH2 was used in large excess (10 equivl, 9 was the only product. No 

intramolecular cycliration reaction took place even after prolonged stirring of 9 

in the presence K2C03 (Scheme IVI. The inability of 9 to cyclize is in agreement 

with the prediction that 5-endo-trlgonal belng a disfavored process.' The results 

rule out the possibility of route b. In addition, compound 11, prepared by the 

1.4-elimination of 3-bromomethyl-3-sulfolene 12, was completely unreactive with 

BuNH2 suggesting that route c is not involved either (eq 11. Therefore, route a is 

the most likely pathway for the formation of 4 where only nucleophilic 

substitut~on is involved. The formation of 5 must have taken place similarly by 

the dlrect disubstrtution of the two bromides of 3 with the sulfide. It is 

interesting that the reaction of 7 wlth 1N NaOH resulted in no substitution 

reactlon but only in double bond rnrgration to 13 where the allylic bromide 

functionality remained unchanged (Scheme IV). The lsomerization must have 

Occurred by the daprotonation at the a-position followed by y -protonatlon 

Scheme I11 
eubstltution subititution 
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In summary, amlnes and sulfldes are powerful nucleoph~les so as to undertake 

nucleophilrc substitution reactions on deactivated allyllc brom~des such as 3 and 

7. However, silonide and hydroxide are strong bases and medium nucleophiles so 

that they behave more as base toward these compounds containing acidic protons 

leading to dlfferent type of products 

EXPERIMENTAL 

General Methods. 'H NMR spectra were determined on a JEOL FX-100 or a Bruker AW-80 

NMR Spectrometer as solutions in CDC13. IR spectra were determined on a Perkln- 

Plmer 290 IR spictr>phot~neter. Mass spmctra wer, recirded on a I Z O L  7::s-5-130 

mass spectrometer. Elemental Analyses were performed at the Microanalys~i 

Laboratory of the Natlonal Talwan Unlverslty, Talpel. All anhydrous solvents were 

freshly dlstrlled before use. 

5-Butyl-1.3.4.6-tetrahydrothlenoI3.4-clpyrrole 2.2-Dioxide 14). n-Butylamine 

(0.175 g, 2.4 mmol) was slowly added to a mixture of 3 (0.61 g, 2.0 rnrnol) and 

Na2C03 (0.5 g) in CH2C12 I25 ml) and the resulting mixture was stlrred at room 

temperature for 40 h. Brine I15 ml) was then added to the red reactlon mlxture and 

the layers separated. The aqueous layer was extracted n t h  CR2C12 ( 3  S 30 ml) and 

the combined organlc layers were washed with b r l n e  and dried lMgSOq). After 

removal of the solvent, the crude red oil was purlfied by column chzomatogiaphy 

(aluminum oxide. CHC13) to glve the pure 4 in 65% yield: IR (KBr) 2975, 2950, 

1320, 1260, 1155, 1115 cm-l; NMR 6 3.68 Is, 4H). 3.50 Is, 4111, 2.60 It, 2H. J = 7 

Hz), 1.35-1.50 (m, 4H). 0.88 (t. 3H. J = 7 Hz): MS m/z 215 ( > l t ) ,  172, 151 (base). 

Anal. Calcd for C10H18N02S: C, 55.8; H, 7.9: N, 6.5. found: C, 55.4: H, 8.0; li, 

6.2. 
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Method A. Sodlum sulfide nonahydrate (288 mg, 1.2 -01) dissolved in H20 (4 ml) 

was added to a mixture of 3 (304 mg, 1.0 mmol) in 95% EtOH (40 mll and the 

resulting mixture was refluned for 20 h. The solvent was removed under reduced 

pressure, then brine (10 mll was added and the whole mixture was extracted with 

CH2C12 (3 X 30 mll. The combined organic layers were washed with brine and dried 

lMgS04). After removal of the solvent, the crude oil was purified by column 

chromatography (silica gel, CBZCl2J to give the pure product 5 in 278 yield: IR 

(KBr) 1315, 1160, 1140, 1100 cm-l: NMR 6 3.8 Is); MS m/z 176 (M+), 111 (basel, 97. 

79. Anal. Calcd. for C H 0 S . C, 40.9; H, 4.6. Found: C.40.5; H, 4.45. The NMR 6 8 2 2. 

spectrum of 5 was identical with that reported earlier. 5 

Method B. A mixture of anhydrous sodium sulfide (0.92 g, 11.8 mmoll and 3 (2.62 g, -- 

8.6 mmoll in anhydrous EtOH (200 mil was refluned under nitrogen for 16 h 

whereupon the solvent was removed under reduced pressure. Brine (15 mll was added 

and the mixture was extracted with CH2C12 (3 X 50 mll. The comb~ned organlc layer 

was then washed wlth brine and drred (MgS041. After removal of the solvent, the 

crude oil was purified by column chromatography to give pure 5 in 29% yield. 

4-Bromomethyl-2-hydro-3-methyienethiophe 1.1-Dioxide (7). 

Msthod -- A. ri mixture oi 3 (4.5 g, 15 mmoll ilnd K2CC3 (18 g) in Ch2C12 (300 ml) was 

stirred at room temperature under nitrogen for 5 days whereupon brine (30 mll was 

added and layers separated. The aqueous layer was extracted with CH C12 (3 x 50 2 

ml1 and the combined organic layer was washed with brme, then dried IMgS04). 

Removal of the solvent gave the pure product 7 in 98% yield. Care must be taken to 

keep the temperature as low as possible during the concentration process; 

otherwise polymerization occurs very rapidly. However, compound 7 dissolved in 

CH2C12 in the presence of K CO can be kept for at least two months. IR (KBrl 2 3 

3020. 2960, 1730, 1595, 1400, 1300, 1220 cm-l; NMR 66.68 ( s ,  1H). 5.66 i s ,  1H1, 

5.50 ( s ,  1Rl. 4.20 ( 5 ,  2H1, 4.08 Is. 2H); MS m/r 224. 222 ( ~ ~ 1 .  195, 193, 175, 

173, 160, 158, 143, 95, 77 (base). Anal. Calcd. for C6H7Br02S: C, 32.3: H, 3.2. 

Found: C, 32.3: H, 3.1. 

Method 8. To a mixture of 3 (304 mg. 1.0 mmoll and hexamethyldisiloxane I162 mg. 1 

mmol) in anhydrous THE (40 mll at -7soc under nitrogen was added 

tetrabutylammon~um fluoride (2 mmoll dropwise. The cooling bath was removed and 

the reaction mixture was stirred at room temperature for 2 days. Brine (15 ml) was 

added to the dark brown solution and the layers separated. The aqueous layer was 

extracted with CHC13 (3 X 40 mll and the combined organlc layer was washed with 



brine and dried lMgSO41. After removal of solvent, the crude oil was purified by 

HPLC (~ichrosorb column. EtOAc) to give the pure product 7 in 70% yield. 

4-(N-Butylaminomethyl)-2-hydro-3-methylenethiophene 1,l-Dioxide I91 and Bis(2- 

hydro-3-methylenethiophen-4-yll-N-butylamine (10). 

~ethod A. To a solution of B U N H ~  (2.2 ml, 22.4 mmol) in CH2C12 I20 mll was added 3 

(0.5 g, 2.24 moll in CH2C12 110 mll and the reactlo" mixture was stirred at room 

temperature for 16 h. Brine (10 mll was added and the layers separated. The 

aqueous layer was extracted with CHC13 I3 X 20 mll and the combined organic layer 

was washed with brlne, then dried (MgS041. After removal of solvent, the crude oil 

was recrystallized w ~ t h  EtOAc/hexane (111) to give the pure product 9: IR (KBr) 

3300, 2930, 1600, 1300, 1230 NMR 66.78 Is, lH1, 5.54 1s. 1H1, 5.35 1.5. 1HI. 

4.01 15, 2Hl. 3.61 Is, ZHI, 2.65 (t, 2H. J = 7 Hz), 1.30-1.50 lm, 5H1, 0.93 (t, 

3H. J = 7 Hz); MS m/z 215 IM+I, 172 (base), 151, 108, 107. 

Method B- To a solution of BuNH2 (2.7 mmoll in CH2C12 I10 mll was added 3 (2.24 

mmoll in CH2Cl and the reaction mixture was stirred at room temperature under 2 

nitrogen for 20 h. The mixture was worked up by the same way as described above to 

give a mixture of 9 (34%) and 10 136%) which were separated by column 

chromatography (silica gel, EtOAc/hexane, ::I). Compound 10: IR Ineatl 3100. 2950, 

1590, 1400, 1300, 1230, 1170, 1130, 1110 NMR 66.71 ! s ,  ZHl, 5.57 !s, 2HI. 

5.39 Is, 2111. 4.03 15, 4H1, 3.41 Is, 4H1, 2.56 It, 2H, J = 7 Hz), 1.20-1.80 lm, 

4H1, 0.93 It, 3H. J = 7 Hz); MS m/z 357 (M+I, 314 [base), 293, 250. 118. 

2-Hydro-3-methylenethiophene 1,l-Dioxlde (11). A mixture of 3-bromomethyl-3- 

sulfolene I159 mq, 0.75 mmoll and K2C03 (2 gl in CH2C12 (10 mll was stirred at 

room temperature for 3 days. Brlne ( 5  mll was added and the layers separated. The 

aqueous layer was extracted wlth CH2ClZ 13 X 20 mll and the comblned organic layer 

was washed with brine and dried lNgS041. Removal of the solvent gave pure product 

11 in quantitative yield: IR IKBrl 3050, 2950, 1830, 1560, 1400, 1300. 1220. 1130 

-1 cm ; NMR 67.00 Id, 1H. J = 7 Hz), 6.74 Idr 1H. J = 7 Hz), 5.54 Is, lH1, 5.44 (s, 

lH1, 3.91 ( 5 ,  2HI; MSm/r 130 IM+I, 101, 82 (base), 65. 51. Compound 11 

polymerizes readily upon storjng in neat form. However, it remains stable in 

CH2C12 solutlon in the presence of K2C03. 

3-Bromomethyl-4-methylthiophene 1.1-Dioxide (13). To a solution of 7 I180 mg, 0.8 

mmoll in THF 120 mll was added dropwise IN NaOH (2 mll and the reaction mixture 
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was stirred at room temperature for 24 h. THF was removed under reduced pressure 

and then brine 110 ml) was added. The aqueous layer was extracted with CH2C12 (3 

X 15 mll and the combined organic layer was washed with brine, then dried lMqSO41. 

After removal of the solvent, the crude oil was purified by HPLC ILiChrosorb 

column, EtOAc/hexane, 1:l) to give the pure product 13 in 56% yield: IR IKBr) 

3100, 2950, 1630. 1610, 1419, 1390, 1285, 1230, 1110 c17-l; NMR 66.76 I s ,  lH1, 6.60 

(5, lH), 3.95 ( 5 ,  2H). 2.08 IS ,  3H); MS m/z 224 IM+), 222, 195, 193, 162, 160, 

158, 143, 95 (base), 77. Anal. Calcd. for C6H7Br02S: C, 32.3: H, 3.1. Found: C, 

32.3: H, 3.1. 
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