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Thioenol ethers, and especially the cyclic ones, have 
attracted increased attention due to their potential use as 
basic synthetic building blocks. Thus, Takei et al.3 and 
Wenkert et aL4 have succeeded in replacing the alkyl(or 
aryllthio groups of alkyl or aryl thioenol ethers with car- 
bon-carbon bonds by using transition-metal (Ni(0)) cat- 
alysts and Grignard reagents. On the other hand, Trost 
and Tanigawa have shown that cyclic thioenol ethers can 
be allylically acetoxylated with palladium acetate in tet- 
rahydrofuran (THF), which thereafter made carbon-car- 
bon bond formation with organo cuprates p~ssible .~ The 
same authors have also demonstrated that thioenol ethers 
can be regiospecifically phenylated under different palla- 
dium-catalyzed conditionsB6 

We now present our results on the synthesis of cyclic 
2-propynyl thioenol ethers with special attention to re- 
giospecificity by using the ring-opening reaction of suitably 
substituted [b]-annelated 3-thienyllithium derivatives.' 

Results and  Discussion 
Since 34odothiophenes are the best precursors for the 

preparation of 3-thienyllithium derivatives with phenyl- 
lithium as the metal-introducing reagent,* some [b]-an- 
nelated 3-iodothiophenes were synthesized as shown in 
Schemes I and I1 by following essentially published pro- 
cedures (see Experimental Section). It should be pointed 
out that the iodothiophenes 4e and 4f were obtained 
isomeridly pure as checked by capillary column GC. This 
eliminates any rearrangement prior to cyclization of 5a and 
5b.9 

The general scheme for the syntheses of the 2-propynyl 
thioenol ethers is shown in Scheme 111. The first step 
involves a halogen-metal exchange between the appro- 
priate iodothiophene derivative (4) and phenyllithium to 
give the 3-thienyllithium derivatives 8. The second step, 
Le., the cleavage of the thiophene ring to give the cyclic 
enyne thiolates 9a-f, occurred spontaneously at room 
temperature. The third step, the S-alkylation of 9a-f, was 
accomplished in situ by the addition of a suitable alkyla- 
ting reagent to the reaction mixture. Thus, 9a-f were 
trapped with ethyl bromoacetate or benzyl chloride. In 
the reaction of 9a-d with ethyl bromoacetate to give the 
ethyl esters of log-j, it appeared important to quench the 
reaction after only a few minutes, since with a prolonged 
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(1) Presented in part at the 2nd IUPAC Symposium on Organic Syn- 

(2) Present address: Swedish Sugar Co. Ltd., PO Box 6, S-232 00 

(3) Okamura, H.; Miura, M.; Takei, H. Tetrahedron Lett. 1979, 43. 
(4) Wenkert, E.; Ferreira, T. W.; Michelotti, E. L. J .  Chem. Soc., 

(5) Trost, B. M.; Tanigawa, Y. J. Am. Chem. SOC. 1979, 101, 4413. 
(6) Trost, B. M.; Tanigawa, Y. J. Am. Chem. Soc. 1979, 101, 4743. 
(7) Cf.: Gronowitz, S.; Frejd, T. Acta Chem. Scand., Ser. B 1976, B30, 

485. 
(8) The halogen-metal exchange between 3-bromothiophenes and 

phenyllithium is very slow or does not take place at all (T. Frejd, un- 
published). 

(9) Even though a previous statement in the literature about a rear- 
rangement in a Friedel-Crafts cyclization of a thiophene derivative 
(Palmer, M. H.; Leitch, D. S.; Greenhalg, C. W. Tetrahedron 1978, 34, 
1015) was proven erroneous (see ref 141, caution is recommended espe- 
cially in cases where isomeric purity is important. 

thesis, Jerusalem-Haifa, 1978. 

ArlBv, Sweden. 
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reaction time the reaction mixture darkened and the yields 
decreased considerably. The esters were hydrolyzed in situ 
to give the acids log-j. Yields and physical data of the 
thioenol ethers loa-j are shown in Table I. Quite unex- 
pectedly, 10e and 10f decomposed upon storage at  room 
temperature, which was not the case with the other 
thioenol ethers. The reason for this remains obscure. 

The thioenyne grouping can alternatively be introduced 
via thiolate substitution on a P-chlorovinyl aldehyde (12) 
to give a P-(alky1thio)vinyl aldehyde (131, followed by a 
Wittig-Horner reaction and subsequent elimination and 
alkylation steps to give 10k (Scheme IV). However, this 
sequence does not give regiochemical control since, e.g., 
3- and 4-methylcycloheptanone as well as 3-methylcyclo- 
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Table I. Yields and Physical Data of the Thioenol Ethersa 
starting yield, 

mat1 product % mp, "C (solvent) 'H NMR (CDCl,), 6 [IR, cm-'1 
53.5-54 (EtOH) 0.98 (d, 3 H, 4-CH3), 2.01 (s, 3 H, propargylic), 

2.0-2.9 (m, 5 H, aliphatic), 4.08 (s, 2 H, benzylic), 
7.3-7.4 (m, 5 H, aromatic); J M H , , ~ H  = 6.0 Hz 

75-76.5 (EtOH) 

chromatographed 

chromatographed 

chromatographed 

chromatographed 

66-67.5 (hexane) 

91-92.5 (hexane) 

65.5-67 (hexane) 

74.5-76 (hexane) 

44-45 (hexane) 

1.4-1.7 (m, 4 H, aliphatic), 1.99 (s, 3 H, CH,), 2.0-2.3 
(m, 4 H, allylic), 4.00 (s, 2 H, SCH,), 7.2-7.5 (m, 5 
H, aromatic) 

1.2-1.9 (m, 6 H, aliphatic), 2.03 (s, 3 H, CH,), 2.2-2.5 
(m, 4 H, SCH,), 4.03 (s, 2 H, SCH,), 7.2-7.5 (m, 5 
H, aromatic) 

1.3-1.8 (m, 8 H, aliphatic), 2.03 (s, 3 H, CH,), 2.2-2.6 
(m, 4 H, allylic), 4.03 (s, 2 H, SCH,), 7.2-7.5 (m, 5 
H, aromatic) 

0.89 (d, 3 H, 4-CH3), 1.0-1.9 (m, 5 H, aliphatic), 2.07 
(s, 3 H, propargylic), 2.0-2.5 (m, 4 H, allylic), 4.07 
(s, 2 H, SCH,), 7.1-7.5 (m, 5 H, aromatic); 
J w H , , ~ H  = 5.0 HZ 

0.83 (d, 3 H, 4-CH,), 1.1-2.0 (m, 5 H, aliphatic), 2.05 
(s, 3 H, propargylic), 2.1-2.5 (m, 4 H, allylic), 4.03 
(s, 2 H, SCH,), 7.2-7.5 (m, 5 H, aromatic); 
J W H , , ~ H  = 5.0 HZ 

1.13 (d, 3 H, 4-CH3), 2.06 (s, 3 H, propargylic), 2.0- 
3.0 (m, 5 H, aliphatic), 3.63 (s, 2 H, SCH,), 9.60 
(br s, 1 H, COOH) [IR (KBr) 1705 (COOH)] 

1.5-1.8 (m, 4 H, aliphatic), 2.03 (s, 3 H, CH,), 2.1-2.4 
(m, 4 H, allylic), 3.56 (s, 2 H, SCH,), 10.0 (br s, 1 H, 
COOH) [IR (KBr) 1710 (COOH)] 

1.4-1.9 (m, 6 H, aliphatic), 2.03 (s, 3 H, CH,), 2.3-2.6 
(m, 4 H, allylic), 3.56 (s, 2 H, SCH,), 8.95 (br s, 1 H, 
COOH) [IR (KBr) 1715 (COOH)] 

1.3-1.8 (m, 8 H, aliphatic), 2.03 (s, 3 H, CH,), 2.2-2.6 
(m, 4 H, allylic), 3.55 (s, 2 H, SCH,), 9.95 (br s, 1 H, 
COOH) [IR (KBr) 1730 (COOH)] 

1.5-1.8 (m, 4 H, aliphatic), 2.03 (s, 3 H, propargylic), 
2.0-2.4 (m, 4 H, allylic), 2.27 ( 6 ,  3 H, SCH,) 

All thioenol ethers had satisfactory analytical data (+0.4% for C and H). Hexane-ethyl acetate (95:5), silica gel. 

pentanone give rise to isomeric mixtures of the corre- 
sponding 0-chlorovinyl aldehydes.'O 

We have previously shown that thiophenes alkylated in 
the 3-position were formed as byproducta in ring-opening 
of 3-thienyllithium derivatives, particularly when the ring 
openings were slow." In this case the alkylated thiophenes 
would have structures lla-j. Since these are isomeric with 
the ring-opening products, loa-j, it was necessary to es- 
tablish the structures of the latter with a high degree of 
accuracy. IR and 'H NMR spectroscopy proved essentially 
useless for this purpose. In the IR spectra of loa-j the 
carbon-carbon triple bond absorption was very weak, and 
their 'H NMR (100 MHz) spectra lacked obvious char- 
acteristics. The mass and above all the 13C NMR spectra 
proved to be of great value. Thus, in all of the thioenol 
ethers loa-j the molecular ion was the base peak, which 
is highly unlikely for the corresponding thiophenes 1 la-j.12 
Another feature of the mass spectra of loa-f and log-j 
was the pronounced fragmentation of SCH2C6H5 and 
SCH2COOH groups, respectively, which has not been ob- 
served in thiophene derivatives of similar types.12 The 

~ ~~~~ ~ 

(IO) Karlsson, 0.; Frejd, T., to be submitted for publication. 
(11) Gronowitz, S.; Frejd, T. Acta Chem. Scand., Ser. B 1976, B30,287. 
(12) Kinney, I. W.; Cook, G .  L. Anal. Chem. 1952, 24, 1391. 

method of choice for the identification of loa-j is '3c NMR 
spectroscopy (Table 11). The acetylenic carbons show 
resonances in two distinct regions, i.e., a t  91.6-93.4 ppm 
(relative to Me4&) and a t  76.0-81.4 ppm, while the 
thiophene carbons have resonances at  fields not higher 
than 120 ppm. This is quite clear from our data on the 
thiophenes with hydrogen in position 3 (3a-d) and the 
expected positive increment (i.e., to lower field) of the 
acetic acid and benzyl groups on C-3 resonances of 
thiophene  derivative^.'^ Furthermore, the signals of the 
acetylenic methyl carbon (at 4.7-4.8 ppm) and the corre- 
sponding 2-methyl-group carbon of the thiophene ring (at 
12-18 ppm) are sufficiently separated to be of diagnostic 
value. 

It is clear from the '3c spectra of the thioenol ethers that 
the substituent on the sulfur atom has a pronounced effect 
on one of the vinyl carbon resonances. Thus, while both 
of the vinyl resonances of loa-d appear in the interval 
136.9-142.2 ppm, one of them appears at 134.8-137.7 ppm 
and the other at 116.0-124.4 ppm in log-k. We therefore 

(13) Benzyl and carboxy ethyl groups are expected to shift the reso- 
nance of the C-3 carbon of the thiophene ring toward lower field on the 
order of 10 and 7 ppm, respectively (cf.: Zetta, L.; Gatti, G .  Org. Magn. 
Reson. 1972, 4, 585). 



3134 J. Org. Chem., Vol. 46, No. 15, 1981 

I I 

Notes 

tentatively assign the high-field resonances of the  latter 
t o  (2-5. 

The 13C NMR spectrum of 10k is very similar to those 
of 10b a n d  10h, which lends further support  t o  the 
structural assignments of loa-j. 

In conclusion, the presented work clearly shows the 
potential of the ring-opening route for regiospecific syn- 
thesis of unsymmetrically substituted cyclic thioenol eth- 
ers, not  easily available by other methods. 

Experimental Section 
GLC analyses were performed on a Perkin-Elmer 900 gas 

chromatograph, NMR spectra were recorded with a JEOL MH 
100 NMR spectrometer, and mass spectra were recorded with a 
Finnigan mass spectrometer. Capillary GLC analyses were 
performed on a Carlo Erba 4160-01 gas chromatograph equipped 
with a 27-m SE-52 column (gas flow rate 33 cm/s). 

All reactions with organometallic reagents were performed in 
ether freshly distilled over sodium wire under a nitrogen atmo- 
sphere. Melting points are uncorrected. 

Reduction of the Ketones. 4,5-Dihydro-2,5-dimethyl-6H- 
cyclopenta[ blthiophene (3a). A mixture of 4,5-dihydro-2,5- 
dimethyl-6H-cyclopenta[ blthiophen-6-one and 5,6-dihydro-2,5- 
dimethyl-4H-cyclopenta[ blthiophen-4one ( lt4 10.0 g, 0.060 mol) 
was reduced with LiAlH4/AlC13 according to Brown and White.16 
The crude product was distilled: yield 5.7 g (62%); bp 58-60 "C 
(1.3 mm). 
5-Methy1-4,5,6,7-tetrahydro-SH-cyclohepta[ blthiophene 

(7a) was prepared by reduction of 18.0 g (0.100 mol) of 5- 
methyl-5,6,7,8-tetrahydrdiY-cyclohepta[b] thiophen-Cone (6a)16 
according to Brown and White.l6 The crude product was distilled: 
yield 12.3 g (74%); bp 101-105 "C (11 mm). 
7-Methyl-4,5,6,7-tetrahydro-8 H-cyclohepta[ blthiophene 

(7b) was prepared as in the preceding experiment from 18.0 g 
(0.100 mol) of 7-methyl-4,5,6,7-tetrahydro-8H-cyclohepta[b]- 
thiophen-&one (6b):16 yield 12.3 g (74%); bp 101-103 "C (10 mm). 

Reduction of Methyl Esters. Samples of 0.050 mol of ap- 
propriate [ b]-annelated 2-thiophenecarboxylic esters (2a-c)" were 
treated with Lw4/4/AIc13 according to Brown and White:6 except 
that double equivalents of L W 4  were used. The crude products 
were distilled. 
2-Methyl-4,5,6,7-tetrahydrobenzo[ blthiophene (3b): yield 

4.8 g (63% from 2a); bp 50-51 O C  (0.7 mm) [lit.18 bp 101 "C (12.5 
mm)l. 
2-Methyl-4,5,6,7-tetrahydro-8H-cyclohepta[ blthiophene 

(312): yield 5.1 g (61% from 2b); bp 63-65 "C (0.8 mm) [lit.l9 bp 
110 "C (12 mm)]. 
2-Methyl-4,5,6,7$,9-hexahydrwyclooota[ blthiophene (3d): 

yield 5.9 g (65% from 2c); bp 77-78 "C (0.7 mm). 
2,5-Dimethyl-4,5,6,7-tetrahydro-SH-cyclohepta[ b 1- 

thiophene (3e) and 2,7-Dimethyl-4,5,6,7-tetrahydro-SH- 
cyclohepta[ blthiophene (3f). A sample of 8.3 g (0.050 mol) 
of the thiophene derivative (7a or 7b) and 25 mL of dry ether 
were placed in a three-necked round-bottomed flask under a 
nitrogen atmosphere, and 40 mL (0.060 mol) of BuLi in hexane 
(1.5 M) wm added. The mixture was then refluxed for 1 h. 
Thereupon it was cooled to -78 "C, and 7.6 g (0.060 mol) of 
dimethyl sulfate in 75 mL of dry ether was added. After 2 h the 
reaction mixture was allowed to reach room temperature, left for 
1 h, treated with concentrated ammonium hydroxide, washed with 
water, dried (MgS04), evaporated, and distilled to give 3e [6.3 
g (70%), bp 115-117 "C (11 ~nm)] a d  3f [(6.2 g (69%), bp 113-116 
" C  (9 mm)], respectively. 

General Procedure for the Iodination of the 2-Methyl 
[ b]-Annelated Thiophenes 3a-f. The methylthiophenes 3a-f 
were iodinated by the iodine-iodic acid method described in ref 
7 .  
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(14) Frejd, T.; Karlsson, 0. Tetrahedron 1979, 35, 2155. 
(15) Brown, B. R.; White, A. M. S. J .  Chem. SOC. 1957, 3755. 
(16) Cagniant, P.; Merle, G.; Cagniant, D. Bull. SOC. Chin. Fr. 1970, 

(17) Hauptmann, S.; Werner, E.-M. J. Prakt. Chen.  1972, 314, 499. 
(18) Cagniant, P.; Cagniant, D. Bull. SOC. Chim. Fr. 1955, 1252. 
(19) Cagniant, P.; Cagniant, D. Bull. Chim. Fr. 1956, 1152. 

322. 

I I 

a 

2 E 



J. Org. Chem. 1981,46, 3135-3137 3135 

4,5-Dihydro-2,5-dimethyl-3-iodo-6R-cyclopenta[ b 1- 
thiophene (4a): yield 6.4 g (4.6% from 3a); bp 96-98 "C (1.2 mm). 
3-Iodo-2-methyl-4,5,6,7-tetrahydrobenzo[ b ]thiophene 

(4b):'* yield 9.0 g (65% from 3b); bp 103-107 "C (0.8 mm) [lit.18 
bp 146-150 "C (12 mm)]. 
3-Iodo-2-methyl-4,5,6,7-tetrahydro-8~-cyclohepta[ b]- 

thiophene (4c): yield 10.7 g (73% from 3c); bp 104-106 "C (0.5 
mm); mp 40-41 "C (ethanol). 
4,5,6,7,8,9-Hexahydro-3-iodo-2-methylcycloocta[ b ]- 

thiophene (4d): yield 11.0 g (72% from 3d); bp 113-114 OC (0.5 
mm) . 

2,5-Dimet hyl-3-iodo-4,5,6,7-tetrahydro-8H-cyclohepta- 
[blthiophene (48): yield 10.0 g (65% from 3e); bp 142-143 "C 
(2.5 mm). 

2,7-Dimet hyl-3-iodo-4,5,6,7-tetrahydro-8H-cyclohepta- 
[blthiophene (4f): yield 11.6 g (76% from 30;  bp 142-143 "C 
(2.5 mm). 

General Procedure for the  Ring-Opening of the 3-Iodo- 
thiophenes. The 3-iodothiophenes 4a-f (5.0 mmol) were each 
dissolved in 25 mL of anhydrous ether in a round-bottomed flask 
equipped with a rubber septum and a magnetic stirring bar. The 
flask was flushed with nitrogen, and the reaction was conducted 
under a nitrogen atmosphere. Phenyllithium (5.5 mmol) in ether 
was introduced with a syringe. The alkylating agent (5.5 mmol) 
was introduced after an appropriate period of time (15 min for 
the cyclopenta and tetrahydrobenzo derivatives, 2 h for the cy- 
clohepta derivatives, and 1 h for the cycloocta derivative). 

When ethyl bromoacetate was used as alkylating agent, the 
alkylation was allowed to proceed for 3-4 min only, in order to 
prevent resinification. Thereafter, the crude producb were hy- 
drolyzed by adding 25 mL of 5 M NaOH and 5 mL of ethanol 
and stirring for 2 h. The reaction mixture was then poured into 
water and washed with ether. The water phase was made acidic 
by hydrochloric acid and extracted with ether. The ether phase 
was washed with water, dried (MgSO,), and evaporated. 

When benzyl chloride was used as alkylating reagent, the re- 
action mixture was left 2 h before being quenched with water. 
The aqueous phase was extracted with ether, and the ethereal 
phase was washed with water, dried (MgSO,), and evaporated. 

From the crude products the following compounds were ob- 
tained in the pure state as indicated in Table I (together with 
yields and physical data): l-(benzylthio)-4-methyl-2-(1- 
propyny1)cyclopentene ( loa) ,  l - (benzyl thio)-2-(  1- 
propyny1)cyclohexene ( lob ) ,  l - (benzyl thio)-2-(  1- 
propyny1)cycloheptene ( ~ O C ) ,  l-(benzylthio)-2-(1- 
propyny1)cyclooctene (loa), l-(benzylthio)-4-methyl-2-( 1- 
propyny1)cycloheptene (lOe), 2-(benzylthio)-4-methyl-l-( 1- 
propyny1)cycloheptene (lOf), [4-methyl-2-( 1-propyny1)- 
cyclopenten-1-yllthioacetic acid (log), [2-( 1-propyny1)- 
cyclohexen-1-yllthioacetic acid (lOh), [2-(l-propynyl)- 
cyclohepten-1-yllthioacetic acid (lOi), [2-( 1-propyny1)- 
cycloocten-1-yllthioacetic acid (lOj). 
2-(Methylthio)-l-formylcyclohexene (13). Sodium metal 

(7.4 g, 0.32 mol) was dissolved in 300 mL of absolute ethanol. The 
solution was then cooled to 0 "C, and 16 g (0.33 mol) of meth- 
anethiol was added, followed by 36 g (0.25 mol) of 2-chloro-l- 
formyl~yclohexene.~~ After 15 min the mixture was heated, and 
reflux was maintained for 2 h. The ethanol was stripped off, and 
the residue was dissoved in ether, washed with water, dried 
(MgSO,), and evaporated. The crude product was recrystallized 
from hexane: yield 32 g (65%); mp 46-47 O C ;  bp 141-143 "C (11 
mm); IR (KBr) 1665 (C=O), 1580 cm-l (C=C). 

l-(Methylthio)-2-(2,2-dichloroethenyl)cyclohexene (14) was 
prepared according to Normant et al." from 3.0 g (0.019 mol) of 
13. The crude product was chromatographed on silica gel by wing 
hexane-ethyl acetate 9515 as eluent; yield 2.2 g (50%). The 
compound was used in the next step without further character- 
ization. 

1-(Methy1thio)-2-( 1-propyny1)cyclohexene (10k) was pre- 
pared from 0.65 g (2.9 mmol) of 14 according to Normant et al." 
The crude product was allowed to crystallize at -20 "C and was 
recrystallized from a small amount of hexane at -20 "C. For the 
yield and physical data see Table I. 

(20) Villieraa, J.; Pierrot, P.; Normant, J. F. Synthesis 1975, 458. 
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The naturally occurring tricarbocyclic diterpenes of the 
pimarane skeletal type contain an increasing number of 
15,16-diols (1). Whereas the stereochemistry of their rigid 
nuclear framework and of the substituents attached thereto 
could be determined readily by the spectral methods of 
analysis developed during the last three decades, the C(15) 
configuration has remained obscure in many cases in view 
of the nonrigid nature of the C(13)-attached dihydroxy- 
ethyl side chain. Recently there were introduced two 
procedures for the elucidation of the C(15) stereochemistry 
by 13C NMR spectral analysis of cyclization products of 
the natural s u b s t a n ~ e s . ~ ~ ~  One of these new methods, 
developed for the analysis of pimaren-15,16-diols (2), was 
based on the isomerization of the olefinic diols into rigid 
(hydroxymethy1)tetrahydrofurans (3) and 13C NMR 
spectral inspection thereoE2 Since, in principle, this simple 
procedure is applicable also to sandaracopimaren-15,16- 
diols (4) and isopimaren-15,16-diols (5), its efficacy was 
investigated on diols derived from methyl sandaracopi- 
marate (6) and virescenol B diacetate (7). 
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