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Abstract — The base catalysed reaction of carbon disulpdb the active
methylene groups of chloropyridindsand7, followed by alkylation with reagents
which also contain active methylene groups, leakietene dithioacetals. Further
reaction with base afforded highly substituted phienes

INTRODUCTION

Our work"® on the synthesis of thienopyridines required usrépare a series ofhalogenated pyridines
containing a methylene moiety activated by an edectwithdrawing group. We earlier reportédhat
reaction of pyridine 3-acetonitrile N-oxidewith refluxing POCY, using the method reported by Okuda
and Robisohgave the desired chloropyridin@sand5 with 4 as a byproduct.  Similadyve obtained,

7 and8 from ethyl 3-pyridylacetat®-oxide 2 (Equation 1). The ratid ? of isomers differs for each
substituent at the 3-positiogble 1). It is well knowr** that polyfunctional ketene dithioacetals are
available from reaction of carbon disulphide witim¢tionalized carbionic species followed by alkigat

of the heteroanions including cyano(3-pyridyl)ketefimethyldithioacetat from 3-cyanomethylpyridine.
Furthermore, it has also been repottédthat treatment of appropriately functionalized eket
dithioacetals with base allows entry into a randgehighly substituted heterocycles. In this work,
haloalkanes with electron withdrawing groups on $laene carbon as the halogen were employed as
alkylating agents in the base catalysed nucleaphdidition reaction of and7 with carbon disulphide.

This gave ketene dithioacetals with the requiregtfionality for cyclisation to form thiophenes.

Table 1: Product Ratio by Substituent at C-3

Substitution pattern R = GEN (%) R = CHCO,Et (%)
2,3- 3, 6) 37 33
2,5-@,7) 21 22
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Equation 1
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1,3,4,5; R=CHCN and2, 6, 7, 8; R = CHCO,Et

RESULTSAND DISCUSSION

When 2-chloro-5-cyanomethylpyridideand carbon disulphide were treated with a slighess of sodium
hydride in DMSO under anhydrous conditions followey addition of ethyl chloroacetate, ketene
dithioacetaP was synthesised in 58% yield. The infrared spetsbowed the molecule to contain a nitrile
group (2209 cit) and an aliphatic ester (1736 ¢m The'H NMR corroborated the structure, showing
signals for two ethyl thioacetate groups and adisbibstituted pyridine. Further treatmentfvith
sodium ethoxide in ethanol gave thioph&A€55%). The infrared spectrum for this compounovetd a
primary amine (3447 and 3343 ¢jnand two ester groups (1724, 1661°9m The absorbance at 1724
cm* can be interpreted as being due to the aliphalig ester. The second, at 1661tan be assigned
to the ester directly attached to the thiopheng,rimving a similar absorption wavenumber as an
anthranilate ester. There will be some hydrogendbm between the ester carbonyl and the amino
hydrogens and this phenomenon is knb\Wwo move the absorbance to a lower wavenumberis It
thought that the mechanism for the formatio® pfoceeds by base catalysed abstraction of theyteath
protons of4 and subsequent formation, with carbon disulphtdeg ketene dithioacetal dianionThese
anions are then alkylated with ethyl chloroacetafthe thiophend0 is subsequently formed by a Thotbe
type cyclisation of the active methylene adjacerthe sulphur onto the nitrile. Ketene ditioacétalvas
similarly prepared from (54%) using chloroacetonitrile as the alkylatiggat andL1 was readily cyclised

to the corresponding thiophef2 (51%) with sodium ethoxide again probably via @fie type reaction.

This methodology was extended to ethyl 2-chloroyBeylacetate7, to produce ketene dithioaceti.

The infrared spectrum showed a carbonyl stretcabgprbance in the expected region for aliphatiersst



(1736 cni). This was unexpected, as it also containa,8runsaturated ethyl ester group and a second
peak should have been observed at a lower wavenunypically® 1730-1705 cil. The'H NMR
however supported the structure, showing signalsio ethyl thioacetate groups and an ethyl esteum
Further reaction of3 with sodium ethoxide in ethanol lead to the protucof thiophend4 in 33% yield.
Again two carbonyl stretching absorbances werervbsédn the IR spectrum, an aliphatic ester (1748)c
and a salicylate type ester at 1666tmlt is presumed that formation is by a Dieckmamyclisation of
one of the methylene groups onto the vinyl estReaction of7 with chloroacetonitrile under the same
reaction conditions, gavés in 57% vyield. The IR spectrum this time showedaabonyl stretching
absorbance typicHl of an a,B-unsaturated ester group (1720 Ym Further reaction of5 with base

afforded16 in 46% yield, again by a Dieckmann cyclisation.

In conclusion, novel ketene dithioacetals can baveniently prepared, leading to polyfunctional
thiophenes $cheme 1) and we believe this method can be applied instrehesis of a variety similar
highly substituted thiophenes.

Scheme 1
R
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7R, = COEt 11R,=CN,R =CN 12R,=CN, R = NH,

13 R, = COEt, R, = COEt
15R, = COEt, R,= CN

EXPERIMENTAL

1.0. General

14 R, = COEt, R, = OH
16 R,=CN, R,= OH

Melting points were determined using an Electratiermelting point apparatus and are uncorrected.

Infrared spectra were recorded on a Perkin-Elmead®m spectrophotometeld NMR spectra were

recorded on a Jeol PMX 60i spectrometer. Colunmorohatography was performed using pressurised

short path columns with Kieselgel 60, particle siz€.063 mm (Merck No. 7729) and reactions were



monitored with Merck DC-Alufoilien 60 J4 (Merck No. 5554) which were visualised by ultrdeio

irradiation.

1.1. Preparation of ketene dithioacetals.

1.1.1. General procedur&-chloro-5-(1-cyano-2,2-di(ethyloxycar bonylmethylthio)-1-vinyl)pyridine

(9) as an example.

2-Chloro-5-cyanomethylpyridind (2.0 g, 13.1 mmol) and carbon disulphide (1.1 441mmol) were
dissolved in DMSO (40 mL) in a 2-neck round bottthask fitted with a gas inlet tube under dry niteog
and sodium hydride (0.66 g, 27.5 mmol) was addgabitions with constant stirring and the mixtureswa
stirred for 2 hours. Ethyl chloroacetate (3.3 95 mmol) was added and stirring continued fortlago
hour, then poured onto ice (100 g) and extractaldd BIOAc (3 x 50 mL). The extracts were combined,
dried with magnesium sulphate, filtered and theesal evaporated to give a pale yellow oil (4.46vh)ch
was chromatographed on silica gel using petroletiraré EtOAc to give as a colourless oil (58%). Bp
(decomp); Anal. Calcd for H17CIN,O4S;: C, 47.9; H, 4.3; N, 7.0%. Found: C, 48.0; H, N47.1%; IR
vmax(film)/cm™ 2982, 2209, 1736H NMR &, (CDCls) 1.28 (3H, t, J=7.2 Hz, G} 1.32 (3H, t, J=7.2 Hz,
CHy), 3.72 (2H, s, SC#), 3.80 (2H, s, SC}), 4.16 (2H, g, J=7.2 Hz, GGH,), 4.20 (2H, q, J=7.2 Hz,
CO,CHy), 7.33 (1H, d, J=8.4 Hz, H-3), 7.85 (1H, dd, J=8.2.4 Hz, H-4), 8.52 (1H, d, J=2.4 Hz, H-6).

1.1.2. 2-Chlor 0-5-(1-cyano-2,2-di(cyanomethylthio)-1-vinyl)pyridine (11).

Off white crystals (61%, EtOAc). Mp 101-10€; Anal. Calcd for GH;CINsS;: C, 47.0; H, 2.4; N,
18.3%. Found: C, 46.9; H, 2.3; N, 18.3%:WR.(KBr)/cm™ 2978, 2234'H NMR & (CDCl) 4.48 (4H, s,
SCH,), 7.38 (1H, d, J=8.4 Hz, H-3), 7.66 (1H, dd, J=8.2.4 Hz, H-4), 8.32 (1H, d, J=2.4 Hz, H-6).

1.1.3. 2-Chlor 0-5-(1-ethyloxycar bonyl-2,2-di(ethyloxycar bonylmethylthio)-1-vinyl)pyridine (13)
Colourless oil (43%); bp (0.4) 19C; Anal. Calcd for GgH2.CINOgS;: C, 49.3; H, 4.9; N, 3.1%. Found: C,
49.6; H, 4.8; N, 3.3%; IRma(film)/cm™ 2982, 2937, 1736H NMR & (CDCl) 1.24 (3H, t, J=7.2 Hz,
CHs), 1.28 (6H, t, J=7.2 Hz, GJ) 3.56 (2H, s, SCh), 3.68 (2H, s, SCh), 4.08 (4H, q, J=7.2 Hz, GOH,),
4.14 (2H, q, J=7.2 Hz, GOH,), 7.28 (1H, d, J=8.4 Hz, H-3), 7.72 (1H, dd, J=8.2.4 Hz, H-4), 8.34 (1H,
d, J=2.4 Hz, H-6).

1.1.4. 2-Chlor 0-5-(1-ethyloxycar bonyl-2,2-di(cyanomethylthio)-1-vinyl)pyridine (15).
Pale yellow needles (57%, EtOH). Mp 98-99; Anal. Calcd for @H1,CIN3O,S;: C, 47.5; H, 3.4; N,
11.9%. Found: C, 47.4; H, 3.0; N, 11.7%:;MRu(KBr)/cm™ 2976, 2246, 1720H NMR & (CDCl;) 1.25



(3H, t, J=7.2 Hz, Ch), 3.56 (2H, s, SCh), 3.68 (2H, s, SCH, 4.24 (2H, q, J=7.2 Hz, GOH,), 7.24 (1H,
d, J=8.4 Hz, H-3), 7.58 (1H, dd, J=8.4 & 2.4 Hz4}48.24 (1H, d, J=2.4 Hz, H-6).

1.2. Preparation of thiophenes

1.2.1. General procedure;

2-chlor 0-5-(2-ethyloxycar bonyl-5-ethyloxycar bonylmethylthio-3-aminothienyl)pyridine (10) as an
example.

Ketene dithioacetd (0.5 g, 1.1 mmol) was dissolved in EtOH (20 mLaiB0 mL round bottom flask and
sodium ethoxide (0.16 g, 2.4 mmol) added. The unéxtvas stirred at room temperature for 24 hours.
The solvent was removed vacuo, the residue flooded with water and extracted \EtDAc (3 x 25 mL).
The combined extracts were dried with magnesiumphsig, filtered and the solvent removed to give
thiophen€el0 (55%) after recrystallisation from EtOAcMp 94-95°C; Anal. Calcd for GgH17CIN2O4S,:
C,47.9;H, 4.3; N, 7.0%. Found: C, 48.1; H, 4.26M0%:; IRvma(KBr)/cm™ 3447, 3343, 2967, 1724, 1661;
'"H NMR 84 (CDCls) 1.17 (3H, t, J=7.2 Hz, G} 1.26 (3H, t, J=7.2 Hz, G} 3.46 (2H, s, SC}), 4.02 (2H,
g, J=7.2 Hz, C@CH,), 4.18 (2H, q, J=7.2 Hz, GOH,), 5.36 (2H, s, NhK), 7.30 (1H, d, J=8.4 Hz, H-3),
7.64 (1H, dd, J=8.4 & 2.4 Hz, H-4), 8.26 (1H, d2XHz, H-6).

1.2.2. 2-Chlor 0-5-(2-cyano-5-cyanomethylthio-3-aminothienyl)pyridine (12)

Pale yellow crystals (51%, EtOAc). Mp 113-1%3; Anal. Calcd for: @H;CIN3S,: C, 49.2; H, 2.4; N,
14.4%. Found: C, 49.1; H, 2.4; N, 14.2%MR(KBr)/cm™ 3443, 3339, 2982, 22184 NMR & (CDCls)
4.38 (2H, s, SCh), 5.42 (2H, s, N), 7.32 (1H, d, J=8.4 Hz, H-3), 7.68 (1H, dd, J=8.2.4 Hz, H-4), 8.36
(1H, d, J=2.4 Hz, H-6).

1.2.3. 2-Chlor 0-5-(2-ethyloxycar bonyl-5-ethyloxycar bonyl methylthio-3-hydroxythienyl)pyridine
(14)

Pale yellow crystals (33%, EtOAc). Mp 74-75; Anal. Calcd for: GH16CINOsS;: C; 47.8; H, 4.0; N,
3.4%. Found: C, 47.8; H, 3.7; N, 3.3%; WR.(KBr)/cm™ 3462, 2978, 2914, 1748, 1666t NMR &y
(CDClg) 1.20 (3H, t, J=7.2 Hz, G} 1.32 (3H, t, J=7.2 Hz, G}}{ 3.48 (2H, s, SC}), 4.02 (2H, q, J=7.2
Hz, COCHy), 4.24 (2H, q, J=7.2 Hz, GOH,), 7.22 (1H, d, J=8.4 Hz, H-3), 7.66 (1H, dd, J=8.2.4 Hz,
H-4), 8.34 (1H, d, J=2.4 Hz, H-6), 9.70 (1H, s, OH)

1.2.4. 2-Chlor 0-5-(2-cyano-5-cyanomethylthio-3-hydroxythienyl)pyridine (16)
Pale yellow prisms (46%, EtOAc). Mp 101-182; Anal. Calcd for @HgCIN3OS:: C, 46.8; H, 1.9; N,
13.6%. Found: C, 46.9; H, 1.7; N, 13.5%MR(KBr)/cm™ 3452, 2975, 2926, 221 NMR & (CDCls)



4.04 (2H, s, SCh}, 7.58 (1H, d, J=8.4 Hz, H-3), 7.86 (1H, dd, J=8.2.4 Hz, H-4), 8.42 (1H, d, J=2.4 Hz,
H-6).
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