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In previous work [i, 2], we used the intramolecular alkylation of 2-(~-haloalkyl)-5- 
carboethoxyacetylthiophenes (I) at high dilution in the presence of anhydrous K2CO~ (~200 
mesh) in methyl ethyl ketone (MEK) to prepare carboethoxycyclothienones (II) in yields up to 
70% 

COCH~COOEt 
/ 

(CH~)~I 
(I) (n = 9, ,l~) 

COCHCOOEt 
/ 

\ 
(CI-g)n 

(H) 

It was of interest to carry out this intramolecular alkylation using other thiophene 
derivatives, including thienylacetic acid which is an available industrial compound [3]. 

There is no information in the literature on the alkylation of thienyl-2-acetic ac%d and 
its ring derivatives at the a-carbon. However, thienyl-3-acetate esters are known to undergo 
alkylation at the m-carbon by means of alkyl bromides in the presence of NaH in DMF to yield 
monoalkyl derivatives [4]. Similar behavior is found for ethyl (3-nitro-2-thienyl)pyruvate 
[5] and the alkylation in this case proceeds not only by the action of metallic sodium but 
also in the presence of Na2CO3 and LizC03. In the case of the closest carbocyclic analog of 
thienyl-2-acetic acid, namely, phenylacetic acid, the acid itself, its esters and amides are 
alkylated in liquid ammonia in the presence of alkali metal amides with the formation of mono- 
~-alkyl derivatives. Phenylacetonitrile is alkylated in the presence of NaH or NaNH2 with 
the formation of mono-a-alkyl derivatives with a higher yield than that obtained for the acid 
itself [8]~ It is interesting to note that phenylacetonitrile is alkylated by alkyl chlorides 
in the presence of NaOH in DMF to form a,a-dialkyl derivatives [9]. 

Hence, we may propose that the intramolecular alkylation of 5-(~-haloalkyl)thienyl-2- 
acetic acids proceeds by the scheme given below. We should note that the synthesis of the 
starting compounds in this case is simpler than our previously reported method for the prep- 
aration of (II) [I] 
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n = 8, X = CI, Br (IV); n = i0, X = Br (V)," n = 8, X = Br, I (VI); n = i0, ~v = Br (VII); n = 
i0 (VIII); n = 8 (IX) o 
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Macrocyclic compounds (VIII) and (IX) contain a thienyl-2-acetic acid fragment and hold 
interest for the synthesis of semisynthetic antibiotics. 

The acylation of (III) with the formation of (IV) and (V) and their Clemmensen reduction 
proceed with relatively high yields although the intramolecular alkylation of 5-(m-haloalkyl)- 
2-carbomethoxymethylthiophenes (VI) and (VII) under our conditions (120~ anhydrous K2CO~ in 
DMF-MEK, high dilution) does not proceed by a single pathway. Thus, the intramolecular alkyla- 
tion of 2-(9-iodononyl)-5-carbomethoxymethylthiophene ((VI), n = 8, X = I) gives a mix- 
ture of products containing 32% l-carbomethoxy-[10]-~-cyclothiene (IX) and 6% of the macro- 
cyclic lactone, 3-oxa-[12]-a- cyclothien-2-one (X) (approximately the same results were obtained 
for the cyclization of (VI) with n= 8 and X= Br). 

CHACO 

(V1) --~ (IX) -{- .~IS 0 

(CII~)~ 
(n = a, x = I) (x~ 

The cyclization of 2-(ll-bromoundecyl)-5-carbomethoxymethylthiophene under the same conditions 
gives only one product, l-carbomethoxy-[12]-~-cyclothiene (VIII) in 34% yield. Thus, the ex- 
tension of the chain undergoing cyclization by two units eliminates O-alkylation which gives 
lactones such as (X). 

It was of interest to study the intramolecular alkylation of ~-haloalkyl (5-carbomethoxy- 
methyl-2-thienyl) ketones (IV) and (V) since these compounds should form the corresponding 
carbanions since (IV) and (V) may be considered as vinylogs of 2-(~-haloalkyl)-5-carboethoxy- 
acetylthiophenes (I). Indeed, the course of the reaction is significantly altered in the case 
of intramolecular alkylation of compounds such as (IV) and (V) which have a carbonyl group at 
C-5 which is conjugated to the thiophene ring 

('v) 

CH3OOC--CH--(CH~)~--C=O 
/ / 
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Ov)~ / s 

O=C-- (Cf t2 )~CH--CO OCtts 
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Thus, 2-(9-bromononanoyl)-5-carbomethoxymethylthiophene (IV) gives lO,24-bis(carbometh- 
oxy)-[10,10]-~-cyclothiene-l,15-dione (XI) in 30% yield. The formation of the dimerization 
product (XI) maybe attributed to the presence of the carbonyl function at C-5 of starting 
(IV), which should be in the plane of the thiophene ring, enhancing the "rigid group" 
which hinders intramolecular alkylation to form a 14-membered ring. The correctness 
of this hypothesis was supported by the finding that the intramolecular alkylation of (VI) 
which does not contain a carbonyl group conjugated to the thiophene ring yields product (IX) 
also having a 14-membered ring, which should have been formed upon the intramolecular alkyla- 
tion of (IV). When 2-(ll-bromoundecanoyl)-5-carbomethoxymethylthiophene (V) is used as the 
starting compound in the cyclization [12]-a-cyclothiene-l,12-dione (XII) was unexpectedly 
formed from the reaction mixture in 14% yield instead of the expected 12-carbomethoxy-[12]-~- 
cyclothien-2-one (XII). The composition and structure of (XIII) were shown by elemental an- 
alysis and mass spectroscopy. The coincidence of the chemical shifts for H B, and H B of the 
thiophene ring in the PMR spectrum and the nature of the aaC NMR spectrum also indicate mol- 
ecular symmetry. The presence of two C=Ogroups conjugated to the ring was shown by the IR 
band at 1675 cm -~. The IR spectrum of 2,5-diacetylthiophene obtained according to our previ- 
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our procedure [i0] also had this characteristic band. The formation of macrocyclic diketone 
(XIII) presumably occurs as a result of the oxidative decarboxylation of intermediate (XII). 
Indeed, running the intramolecular alkylation reaction in an argon atmosphere reduces the 
yield of (XIII) to 7% although we were unable to isolate intermediate (XII) in this case as 
well. 

The formation of diketones such as (XIII) is quite interesting since the preparation 
of dicarbonyl derivatives of aromatic compounds is a difficult problem. Thus, we attempted 
to determine whether these transformations are characteristic only for compounds with macro- 
cyclic structure or are possible for other 5-alkyl-substituted thienylacetic acids~ For this 
purpose, we investigated the alkylation of 2-butanoyl-5-carbomethoxymethylthiophene (XIV) by 
propyl bromide under conditions analogous to those used for intramolecular alkylation 
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We found that the use of one mole of propyl bromide per mole (XIV) gave, in addition to 
2-butanoyl-5-(l-carbomethoxy-l-butyl)thiophene (XV) (21% yield), 2,5-bis(butanoyl)thiophene 
(XVII) in 18.5% yield with the concurrent formation of 2-butanoylthiophene-5-carboxylic acid 
(XVIII) in 25% yield. An increase in the amount of propyl bromide to two moles per mole (XIV) 
gave 2-butanoyl-5-(4-carbomethoxy-4-heptyl)thiophene (XVI) in 56% yield. The alkylation of 
ketone (XIV) by propyl bromide in MEK in the absence of DMF gave the monoalkylation product 
(XV) in 67% yield relative to (XIV) consumed. In order to prove that diketone (XVII) may be 
obtained through the intermediate formation of (XV), the latter was subjected to the action 
of the air. Air treatment of an ethanolic solution of (XV) in an alkaline medium yields 
(XVII). The formation of (XVIII) may be attributed to the capacity of (XIV) to undergo ox- 
idation in alkaline medium in the presence of an oxidizing agent, which is the air in this 
case. A similar process was observed previously [ii] in the treatment of methyl5-acetylthienyl- 
2-acetate by atmospheric oxygen, which gives a 64.7% yield of 5-acetylthiophene-2-carboxylic 
acid. However, this is apparently the first report of the oxidative decarboxylation of such 
systems with the formation of diketones. 

Thus, the formation of thiophene diketones from 2-acyl-5-carbomethoxymethylthiophenes 
is a general reaction which proceeds by the oxidation of mono-~-alkyl-substituted 2-acylthi- 
enyl-3-acetic acids~ 

EXPERIMENTAL 

The PMR spectra were taken on a Tesla BS-497 spectrometer at i00 MHz and on a Varian 
DA-60-IL spectrometer using COl4 and CHCI3 as solvents and TMS or HMDS as internal standardo 
The IR spectra were obtained on a UR-20 spectrometer in KBr pellets and in CC14 and CHCI3 
solution. The UV spectra were taken on a Specord UV-VIS spectrometer in ethanol. The 13C 
NMR spectra were taken on a Bruker WP-60 spectrometer at 15.08 MHZ in CDCI3. Alumina with 
grade II activity was used for the column chromatography, while Silufol UV-254 plates were 
used for the thin-layer chromatogaphy. The mass spectra were taken on a Varian MAT CH-6 
spectrometer at 60 eV ionizing voltage and 50-200~ ionizing chamber temperature. 

Methyl Thienylacetate (III). A mixture of 142 g (i mole) thienylacetic acid and 2.2 g 
(0.01 mole) toluenesulfonic acid in 433 ml methanol was heated at reflux for 7 h with stir- 
ring. Then, methanol was evaporated and water was added to the residue, which was then ex- 
tracted with benzene. The extract was washed with water, aqueous NaHCO3, and again with wa- 
ter, dried over MgS04, and evaporated. The residue was distilled to yield 125 g (80%) (III) 
with bp 71-71.5~ (0.15 mm), nD 2~ 1.5206. 
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TABLE i. Methyl 5-(~-Haloalkanoyl)- and 5- 
vl-2-aeetates (IV)- (VII) 

mp, *C Yield, % Compound 

44-45 
(hexane) 
36,5-38 

(hexane) 
54-55 

(Ethyl acetate) 
t72(0,3) 

1,5071 
t70-t74 

(0,0 
207 (0,3) 

80 58,t5 
58,07 

60,4 50,65 
5i,t9 

75 53,62 
5i59 

56,8 60,35 
60,64 

54,5 52,78 
53,~8 

8o 1 4_7,3t 

Found 
Calculated " % 

m-Haloalkyl)thien- 

(iv) 

(iv) 

(v) 

(vD * 

(vi) * 

(VI) * 

(VII) * 

halo- 
gen s 

Chemical 
formula 

7,09 i0,87 9 ,74  C~6H~3OsC1S 
7,01 10,Tt 9,68 " 
6,32 2i,38 8 , 5 8  C16H230~BrS 
6,20 2t,3,9 i 8,54 
6,77 i9,58 7 ,85  CisH~O3BrS 
6,75 t9,8t 7,95 
834 it,32 t0,23 Ct~H~50~C1S 
7,95 it,19 t0,12 
6,97 22,t3 8,8 Ci6H2502BrS 

"'6,97 22,12 8,87 
6,30 30,97 7 ,83  CI6H250~IS 
6,17 31,08 7,85 
7,64 20,33 8 ,16  C~sH290zB~8 

47,06- 
208(0,4) 54 1 55,51 

i,5i48 
*Bp, ~ (p, mmHg)and nDa~ given for (VI) and (VII) o 

Chl0!ides 0f Ha!oalkanoic Acids~ A solu- Acylation of Methyl ThienylacetflteUsinsAci ~ 
tion of 24.7 ml SnCI4 in 20 ml benzene was added to a solution of 21.6 g (0.14 mole) (III) 
and 0.22 mole acid chloride of a chloroalkanoic or bromoalkanoic acid in 405 ml benzene at 
from --3 ~ to 0~ and then warmed to -20~ The mixture was recooled to -5~ and 370 ml I:I0 
HCI was added. The organic layer was separated and washed with water, saturated aqueous 
NaHC03, and again with water and dried over MgSO,. The benzene was evaporated and the resi- 
due was recrystallized to give methyl haloalkanoyl-2-thienylacetates. Bromopelargonic acid 
was obtained by a standard procedure [12]. The data for (IV) and (V) are given in Table io 

Methyl ~-Haloalkyl-2-thienylacetates (VI) and (VII). A mixture of 0.09 mole methyl 
~-haloalkanoyl-2-thienylacetate, zinc amalgam obtained from 98 g zinc treated with a solution 
of 9.1 g mercuric chloride in 34 ml HCI and 78.3 ml water, 152 ml methanol, 98 ml HCI, and 
39 ml water was heated at reflux with rapid stirring for 1 h. The zinc was filtered off and 
washed with ether. The aqueous layer was separated and extracted with ether. The extract 

and evaporated. The residue was distilled 
data for (VI) and (VII) are given in Table 

was washed with water, aqo NaHCOs, dried over MgS04 
to yield methyl ~-haloalkyl-2-thienylacetates. The 
1. 

Methyl 5-(9-1odononyl)y2gthienylacetate ((VI), X= I). A mixture of 12.59 g (0.04 mole) 
((VI),X =CI)and 17 g (0.ii mole) NaI in 112 ml MEK was heated at reflux with stirring for 
20 h. The salt precipitate was filtered off and the filtrate was evaporated. A sample of 
water was added to the residue and it was extracted with ether. 

The extract was washed with aq. Na28203 and water, dried over MgS04 and evaporated. The 
products of MEK condensation were distilled off the residue in vacuum to give 13.26 g (80%) 

((Vl), X = I). 

Cyclization of Methyl 5-(~-Haloalkyl)-2-thienylacetates and Methyl 5-(~-Haloalkanoyl)-2- 
thienylacetates. A solution of 0.025 mole of the compound to be cyclized in 200 ml MEK was 
added with rapid stirring over 25 h to a mixture of 300 g dry K=COs ground to <200 �9 
1250 ml DMF and 500 ml MEK at 120~ After the addition was completed, the mixture was heat- 
ed at reflux for 6 h and then the K=COa was �9 filtered off and thoroughly washed with solvent. 
The filtrate was evaporated and the residue was treated with water and extracted with ether 
or chloroform. The extract was washed with water and 5% Na28203, dried over MgS04 and evap- 
orated. The MEK condensation products were distilled off in vacuum (<i mm) and the reaction 
products were purified by crystallization or molecular distillation. The yields and physical 

constants of the compounds obtained are given in Table 2. 

2-Butanoyl-5-carbomethoxymethylthiophene (XIV). The acylation of 23.1 g (0.15 mole) 
ester (III) using 21.3 g (0.2 mole) butanoyl chloride was carried out analogously to the meth- 

od described above to give 24.5 g (72%) (XIV). 
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TABLE 3. Conditions and Products of the Alkylation of 
(XIV) by Propyl Bromide 

Solvent 

182 ml DMF 
38 ml MEK 
250 ml MEK 
t04 ml DMF 
22 ml MEK 

(xiv), 
moles 

Tj ~ 

0,035 I 1t7 

0,035 79 
0,02 * tt7 

Reaction products 
(yield, %) 

(XV), 22 
(XVlI), lO 
(XV), 67 

(xviD, i8,5 
(XVIII), 25 

*Air was bubbled through the reaction mixture~ 

Reaction of Methyl 5-Butanoyl-2-thienylacetate (XIV) with an Equimolar Amount of Propyl 
Bromide in the Presence of K2CO3. Equimolar amounts of propyl bromide and (xiv) were added 
to a mixture of 114 g K2COa in solvent and then heated at reflux with stirring for 4 h. Af- 
ter treatment of the reaction mixture as in the case of the intramolecular alkylation de- 
scribed above, 2-butanoyl-5-(l-carbomethoxy-l-butyl)thiophene (XV), 2,5-bis(butanoyl)thiophene 
(XVII), and 2-butanoylthiophene-5-carboxylic acid (XVIII) were isolated. Product (XV) was 
isolated chromatographically on a column with 30-mm diameter packed with 310 ml alumina using 
4:1 hexane-ethyl acetate as eluant. The physical constants and yields of the compounds ob- 
tained are given in Table 2, while the alkylation conditions are given in Table 3o 

2-Butanoyl-5-(4-carbomethoxy-4qheptyl)thiophene (XVI). The alkylation of (XIV) was car- 
ried out under the conditions described above using 2 moles of propyl bromide per mole (XIV) 
to yield 5.23 g (56.4%) (XVI). 

Reaction of 2-Butano~l-5-(l-carbomethoxy-l-buty!)thiophene with Air in Ethanolic 
Alkali. A sample of 52 ml 50% ethanolic alkali was added to 0.69 g (0.02 mole) (XV) in 81 ml 
ethanol. The mixture turned yellow. Air was introduced until the color disappeared (40 min) 
and the mixture was stirred for an additional 40 min The formation of (XVII) was indicated 
by thin-layer chromatography on a Silufol UV-254 plate using 4:1 hexane-ethyl acetate as elu- 
ant 

CONCLUSIONS 

i. The intramolecular alkylation of 5-(~-haloalkyl)-2-carboalkoxymethylthiophenes yields 
esters of macrocyclic carboxylic acids containing the thiophene ring. 

2. The cyclization of 5-(~-haloacyl)-2-(carboalkoxymethyl)thiophenes gives macrocyclic 
diketones containing a thiophene ring bearing carbonyl groups at C-I and C-6. 

3. 2,5-Diacylthiophenes are formed in the alkylation of 5-acy!-2-carbomethoxymethylthiophenes 
by alkyl halides in the presence of air. 
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