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Synthesis and transformations of metallocycles 
14.* Stereoselective synthesis of trans-3,4-dialkyltetrahydrothiophenes 

U. M. Dzhemilev, A. G. Ibragimov,* M. N. Azhgaliev, and R. R. Muslukhov 
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A one-pot stereoselective method was developed for the synthesis of trans-3,4-dialkyltet- 
rahydrothiophenes from c~-olefins, EtA1CI2, metallic magnesium, and elementary sulfur ($8) 
in the presence of catalytic amounts of CP2ZrCI 2. 
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Recen t ly ,  we pe r fo rmed  the t r ans fo rmat ions  of  
3-alkylsubsti tuted a lumacyclopentanes  (ACP) 2,3 to alkyl- 
subst i tuted te t rahydro th iophenes ,  selenophenes,  4 cyclo-  
butanes,  5 and 1,1-dialkylcyclopropanes.  6 

In a cont inua t ion  of  the study of  ACP,  the present 
work showed that  ACP l a - - f ,  like monosubst i tuted ACP,  
react fairly readi ly with e lemental  sulfur, which is not  
typical  of  t r ialkylalanes.  8 A new stereoselective method  
for synthesizing trans-3,4-dialkyltetrahydrothiophenes 
2 a - - f  from dia lkyl -ACP and e lementary  sulfur was found. 
A l u m a c y c l o p e n t a n e s  were ob ta ined  from c~-olefins, 
EtAICI2, and Mg in the  presence of  3- -5  mol.  % 
Cp2ZrC12 or ZrC14 (cf Ref. 7). When  ACP l a - - f  were 
heated with e lementa l  sulfur in benzene (6--8  h at 
80 ~ in a ratio S 8 : EtA1C12 = 3 : 1, compounds  
2 a - - f  were obta ined in 65--80 % yields. 

EtA1CI 2 + Mg + 2 R " 1 " ~  

a: R = C4H 9 

b: R = C5H 11 

e: R = C6H13 

d: R = (CH3)2CH(CH2) 2 

e: R = PhCH 2 

f: R = 3-cyclohexenyl 

R R R R 

[Zr] 4 -a ~, S8 

-- MgC]2 A] 5 2 

I 
Et 

I a - - f  2 a - - f  

The structures of  2 a - - f  were conf i rmed by their  ]H 
and 13C N M R  spectra.  The  parameters  of  the 13C spec-  
tra  for compounds  2 a - - f  with respect  to the effect of  the 
two alkyl substi tuents were evaluated by comparing them 

* For part 13, see Ref. 1. 

with the spectra of  unsubst i tuted t e t rahydro th iophene  
and 3-alkyl te t rahydrothiophenes .  4,9J~ The similari ty of  
the chemical  shifts of  the  vicinal methy lene  C(3) and 
C ( 3 ' )  carbon atoms in compounds  2 a - - f  and the meth-  
ylene C(3) carbon atoms in 13-alkyltetrahydrothiophenes 
indicates that  the steric 1,2-cis-interaction of  the alkyl 
substituents causing strong diamagnet ic  shifts I is absent,  
wh ich  conf i rms  the  trans-orientation (ee) of  the  
3,4-substi tuents.  Fur the rmore ,  the  difference in the 
chemical  shifts for the pseudoaxial  and pseudoequator ia l  
protons of  the S - - C H  2 groups in compound  2e, which is 
observable at +25 ~ implies the trans-orientation of 
the substituents, since in the case of  cis isomers,  this 
difference is much smaller,  llA2 

The results obtained indicate that  the  cyc loa lumina-  
t ion of a -o lef ins  with EtA1C12 and Mg in the  presence of  
catalytic amounts  of  Cp2ZrC12 followed by the in situ 
react ion of  the formed 3,4-disubst i tuted ACP with S 8 
affords trans-3,4-disubstituted t e t rahydro th iophenes  in 
high yields and with high selectivity. 

Experimental 

TLC was performed on Silufol. GLC was performed on a 
Khrom-5 chromatograph using He as the carrier gas, 
1200x3 mm column, 5 % SE-30 or 15 % PEG-6000 on 
Chromaton N-AW. IR spectra were recorded in films on a 
UR-20 spectrophotometer. Mass spectra were obtained on an 
MX-1300 spectrometer, energy of ionizing electrons 70 and 
i2 eV, temperature of the feed vessel 100 ~ IH NMR spec- 
tra were recorded in CDC13 on a Tesla BS-567 spectrometer 
(100 MHz). t3C NMR spectra were obtained in C6D 6 on a 
Jeol-90Q spectrometer (22.5 MHz) using TMS as the internal 
standard. 

Synthesis of trans-3,4-dialkyltetrahydrothiophenes. Dry 
benzene (35--40 mL) was added under argon to dialkyl-ACP 
l a - - f  (10 mmol) (cf Ref. 7), then S 8 (powder) was added in 
small portions. The temperature was increased to ~80 ~ and 
the mixture was stirred for 6--8 h. Then the mixture was 
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Table 1. Chemical shifts (8), coupling constants (IJc,H/HZ), and multiplicity of signals in the 13C NMR spectra of disubstituted 
tetrahydrothiophenes 

Compound C(I) C(2) C(3) C(4) C(5) C(6) C(7) C(8) 

8 5  
2a / ~ / " ~ 6  36.53 48.76 32.75 30.25 22.93 14.01 

t d t t t q 

3 5 7 
2b ~ / ~ . , ~ ' ~ /  36.45 48.76 32.94 27.70 32.12 22.63 14.04 

t d t t t t q 

3 5 7 
2c ~ / ~ ~ 8  36.42t 48.36d 33.10t 20.09t 29.64t 31.92t 22.71t 

(142.65) (127 .95)  (125 .48)  (123 .54)  (125 .51)  (125.30) 

/ ~ . . .  5 
2d r - - - - ~ v L  36.54 48.96 30.76 37.26 28.27 22.38 22.88 

t d t t d q q 
(140.05) ( 1 2 7 . 0 )  ( 1 2 2 . 6 )  ( 1 2 2 . 8 0 )  ( 1 2 5 . 9 )  (124.42) (123.24) 

3 5 

2e 35.43 49.28 38.17 140.10 128.74 128.34 125.71 
7 t d t c d d d 

(142.18) (128 .08)  (126.0) 

14.12 
q 

5 6 

2f 34.16 49.07 38.70 32.12 I26.52 127.13 25.75 30.86 
t d d t d d t t 

treated with 5 % HCI and extracted with ether. Individual 
products were isolated by distillation in vacuo or by column 
chromatography (silica gel L, 40/100 ~t, hexane--ether, 9:1). 
The purity of the products was 95--98 %. 

trans-3,4-Dibutyltetrahydrothiophene (2a). Yield 80 %. Rf 
0.50. IR, v/cm-t: 2970, 2940, 2870, 1465, 1270, 1080. 
IH NMR, 8:0.90 (t, 6 H, CH3); 1.10--1.88 (m, 14 H, CH, 
CH2); 2.38--2.60, 2.88--3.08 (m, 4 H, CH2S). MS, m/z: 200 
[M+]. Found (%): C, 72.12; H, 12.00; S, 15.88. C12H24 S. 
Calculated (%): C, 72.00; H, 12.00; S, 16.00. 

trans-3,4-Dipentyltetrahydrothiophene (2b). Yield 78 %. 
Rf 0.52. IR, v/cm-l: 2975, 2950, 2870, 1470, 1120, 920, 750. 
1H NMR, 8:0.89 (t, 6 H, CH3); 1.10--1.80 (m, 18 H, CH, 
CH2); 2.37--2.62, 2.82--3.10 (m, 4 H, CH2S). MS, m/z: 228 
[M§ Found (%): C, 73.61; H, 12.25; S, 14.14. C14H28 S. 
Calculated (%): C, 73.68; H, 12.28; S, 14.04. 

trans-3,4-Dihexyltetrahydrothiophene (2e). Yield 77 %. Rf 
0.54. IR, v/cm-l: 2970, 2940, 2870, 1470, 745. 1H NMR, 8: 
0.86 (t, 6 H, CH3); 1.08--1.86 (m, 22 H, CH, CH2); 
2.40--2.58, 2.86--3.04 (m, 4 H, CH2S). MS, m/z: 256 [M+]. 
Found (%): C, 75.08; H, 12.54; S, 12.38. C16H32S. Calcu- 
lated (%): C, 75.00; H, 12.50; S, 12.50. 

trans-3,4-Diisopentyltetrahydrothiophene (2d). Yield 72 %. 
Rf 0.51. IR, v/cm-l: 2970, 2935, 2860, 1470, 1390, 1370, 

1230, 1210, 1180, 750. IH NMR, 8:0.88 (d, 12 H, CH3); 
1.07--1.76 (m, 12 H, CH, CH2); 2.35--2.98 (m, 4 H, CH2S). 
MS, m/z: 228 [M+]. Found (%): C, 73.61; H, 12.34; S, 14.05. 
C14H28S. Calculated (%): C, 73.68; H, 12.28; S, 14.04. 

trans-3,4-Dibenzyltetrahydrothiophene (2e). Yield 65 %. 
Rf 0.46. IR, v/cm-l: 3100, 3080, 3040, 2940, 2870, 1605, 
1500, 1460, 1130, 760, 720. IH NMR, 8: 2.53, 2.87 (both d d, 
2JHH = --13.37 Hz, 2 H + 2 H, CH2S); 2.20--2.33 (m, 
2 H, CH); 2.62, 2.82 (both d d, 2JH, H = --10.07 Hz, 2 H + 
2 H, CH2Ph ). MS, m/z: 268 [M+]. Found (%): C, 80.48; 
H, 7.52; S, 12.00. C18H20S. Calculated (%): C, 80.60; H, 7.46; 
S, 11.94. 

trans-3,4-Di(3-cyelohexenyl)tetrahydrothiophene (2f). Yield 
69 %. Rf0.52. IR, v/cm-l: 3030, 2940, 2870, t460, 1120, 930, 
750. 1H NMR, 8: 1.08--2.18 (m, 16 H, CH, CH2); 
2.42--2.98 (m, 4 H, CH2S); 5.67 (m, 4 H, CH=CH). MS, 
m/z: 248 [M+]. Found (%): C, 77.36; H, 9.70; S, 12.94. 
C16H24S. Calculated (%): C, 77.42; H, 9.68; S, 12.90. 
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