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The Gewald syntheses were employed to prepare a series of 2-amino-3-carboethoxythiophenes, and the syn-
theses of two of these, namely, the 3,4-trimethylene (1f) and 3,4-tetramethylene (lg) derivatives, were examined
in detail. In two preparations of 1f, octahydro-6a<{4-morpholinyl}-2-thioxocyclopenta[b]pyrrole-3-carboxylic acid
(7) was a co-product. The structure of 7 was ascertained from its 300 MHz 'H nmr and *C nmr spectra, and by
its conversion to 1,4,5,6-tetrahydro-2-mercaptocyclopenta[blpyrrole-3-carboxylic acid ethyl ester (8). Isolation of
7 and other observations led to postulated mechanisms for three of the Gewald thiophene syntheses.

J. Heterocyclic Chem., 23, 129 (1986).

Excellent synthetic methodology for a variety of substi-
tuted 2-aminothiophenes [1,2], 2-aminopyrroles [3] and
2-aminofurans [4] has been developed by Gewald and co-
workers [5]. We recently required a series of 2-amino-3-car-
boalkoxythiophenes as starting materials for the synthesis
of heterocycles with proposed biological activity. While
the synthesis and biological activity of these planned hete-
rocycles will be the subject of a later report, this paper will
describe observations which we have made in employing
the versatile methods of Gewald for the synthesis of 2-ami-
no-3-carboalkoxythiophenes. It is interesting to note that
several others have also recently used Gewald methodolo-
gy to prepare 2-amino-3-carboxythiophene derivatives as
starting materials for the sythesis of heterocyclic systems
[6-15].

Notably, Gewald has described four synthetic methods
for 2-amino-3-carboalkoxythiophenes. These methods in-
volve (i) condensation of a-mercaptoketones or aldehydes
with alkyl cyanoacetates [1,16]; (i7) treatment of aldehydes
or ketones with alkyl cyanoacetates and elemental sulfur
[2]; (i) cyclization of acrylenitriles, obtained from con-
densing aldehydes or ketones with alkyl cyanoacetates,
with elemental sulfur [2]; and (iv) the reaction of enamines,
derived from ketones and morpholine or piperidine, with
alkyl cyanoacetates and elemental sulfur [2].

We have prepared compounds la-g for our study, using
methods ii, iii and iv. In particular, we have studied the
preparations of thiophenes 1f and 1g.

In Scheme 1 are shown the preparations of thiophene
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1g. Cyclohexanone (2) is a good substrate for all methods
of preparation, as can be seen from the yields (recrystalliz-
ed material) which are cited.

Cyclopentanone (6), it appears, is not an ideal substrate
for any of the methods of thiophene preparation, as can be
seen from the results shown in Scheme 2. The prepara-
tions which were most satisfactory for producing thio-
phene 1f were methods iii, using either diethylamine or
morpholine, and method i, using diethylamine. The
yields, however were low in all three cases.

When morpholine was used as the amine base in me-
thod ii, the only isolated product was the interesting octa-
hydro-6a-(4-morpholinyl)-2-thioxocyclopenta[b]pyrrole-3-
carboxylic acid ethyl ester (7), whose structure was ascer-

tained on the basis of detailed anlaysis of spectral data
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(vide infra). Compound 7 was also produced from enamine
9 using method ii, along with thiophene 1f. Compound 7
was converted to 1,4,5,6-tetrahydro-2-mercaptocyclopen-
ta[b]pyrrole-3-carboxylic acid ethyl ester (8) by treatment
with diethylamine in methanol at reflux. An apparent syn
elimination [17] occurs from the syn-periplanar [18] con-
formation of 7.
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In Table 1 is shown the proton-decoupled *C nmr data
for compounds 7 and 8. The assignments of all signals to
carbon atoms in these structures are in complete agree-
ment with expected resonances for carbon atoms residing
in their particular environments. In structure 7, from the
field position of carbon 2 (198.3 ppm) it is clear that the
thioamide functionality, and not a tautomerized form, is
present. Likewise, in examining the field position of the
corresponding carbon atom of 8 (126.0 ppm), it is clear
that a thiocarbonyl functionality is not present. From a
comparison of the other three carbon atoms of the pyrroli-
dine ring of 7 with the corresponding carbon atoms which
make up the pyrrole ring of 8, it is clear that tetrahedral
centers are changing to trigonal centers in the conversion
of 7 to 8. Restricted rotation of the morpholinyl group of 7
in its sterically crowded environment is apparent, since
the 2' carbon signals fall at slightly different field posi-
tions (47.3 and 47.4 ppm).
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The 300 MHz 'H nmr spectrum of 7 is shown in Figure
1. As with the "*C nmr spectrum, the 'H nmr spectral data
is in good agreement with the assigned structure. Chemi-
cal shift values for all of the resonances, and their multipli-
cities and assignments, are listed in Table 2. The presence
of a proton on C-3 and the NH signal at a downfield posi-
tion (6 9.19) further substantiates the exo thiocarbonyl
double bond at C-2. It was possible io determine the ste-
reochemistry around the C-3, C-3a bond. The protons at
these two centers in this rigid system, which appear at 6
3.44 and é 3.08, respectively, must be in a gauche rather
than an eclipsed orientation, because of the magnitude of
the coupling constant (J = 4.9 Hz) [19]. The assignments
for the trimethylene bridge protons were made on the
basis of decoupling experiments. It is interesting to note
that the methylene protons of the ethyl ester are nonequi-
valent, presumably due to their proximity to a prochiral
center.

We feel that the formation of compound 7, which results
from both methods ii and iv but not from method iii, re-
sults from an intermediate which is common to both com-
pounds 1f and 7. If this is true, compound 7 provides some
genuine clues to the mechanisms by which thiophenes are
formed by methods ii, iii and iv. In Schemes 3 and 4 are
shown mechanisms which we propose for the formation of
thiophenes 1f and 1g.

In Scheme 3 is shown our proposed mechanism initiat-
ing from the morpholinyl enamines of cyclopentanone (9)
and cyclohexanone (3). This scheme relates to method iv,
and also to method iz, but only when morpholine is the am-
ine base which forms enamines from 6 and 2 in situ. Di-
ethylamine did not undergo enamine formation with

Table 1
C NMR [a] Data for Compounds 7 and 8
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Compound 7 Compound 8
Carbon Chem Shift (ppm) Carbon Chem Shift (ppm)
2 198.3 2 126.0
3 97.2 3 114.0
3a 46.9 3a 129.8
4 33.3 4 26.1
S 23.5 5 25.0
6 374 6 217
6a 66.1 6a 139.6
2' 47.3, 47.4 C=0 163.6
3 66.2 OCH, 58.9
c=0 169.1 CH, 14.0
OCH, 60.7
CH, 139

[a] Spectra were recorded in DMSO-d,.
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either cyclopentanone or cyclohexanone in our hands (see
Experimental). We envision enamines 9 and 3 reacting
with 12, the species resulting from the sulfuration of ethyl
cyanoacetate, to give the alkylated iminium intermediate
13. There is good precedent for the formation of 12 from
ethyl cyanoacetate and sulfur. The mechanism by which

H H
,~ WCORCHLCHy
3
2,

3-thiazolines are formed from ketones, sulfur and ammo-
nia is generally conceded to involve the initial formation
of a-mercaptoketones, which result from «-S-5,-SH ke-
tones [20-22]. This reaction, which is formally a sulfur oxi-
dation of carbon, readily occurs at ambient temperature.

The above-mentioned carbon oxidation reaction conve-
niently provides a reduced sulfur species which can con-
vert the nitrile to a thicamide functionality, to produce in-
termediates 14. Structures 14 and 15 are postulated as
equilibrium species, with equilibration resulting from tau-
tomerization followed by rotation. At equilibrium, one
would expect 14 to predominate, since the hydrogen bond
between the amino group and the carboethoxy group
should be stronger than the hydrogen bond between the
sulfhydryl and carboethoxy groups [26]. However, the ini-
tial production of only 14 might be expected, since the
sulfhydryl group results from the decay of an initially
formed polysulfide, which has no hydrogen bonding capa-
bility.
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Figure 1.
pyrrole-3-carboxylic Acid Ethyl Ester (7).
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300 MHz 'H NMR Spectrum (Deuteriochloroform) of Octahydro-6a-(4-morpholinyl)-2-thioxocyclopenta[b]-



132 N. P. Peet, S. Sunder, R. J. Barbuch and A. P. Vinogradoff

Table 2
300 MHz 'H NMR [a] Assignments for Compound 7

Chemical Shift (§)  Assignment Multiplicity, J-values (Hz)
9.19 NH br s

4.26 OCH, ddgq, Jeem = 108, J..c = 7.3
3.72 CH,OCH, dd, J... = 4.4, 49

3.44 C3-H d,J33. = 49

3.08 C3a-H dd, J3,3 = 4.9, J3240= 6.9
2.87 CHNCH ddd, J.... = 11.7, J... = 4.4,49
2.69 CHNCH ddd, Jee = 117, J,.c = 4.4,4.9
2.03 Cé6-H ddd, J,... = 11.5,J... = 1.9,5.8
1.96-1.85 Cda-H m

1.90-1.80 C6-H m

1.80-1.68 C483-H, C5-H m

1.68-1.50 C5-H m

1.33 CH, t,J] =173

[a] Spectrum was recorded in DMSO-d,.

Over 30 years ago, Brown introduced the concept of
I-strain [27,28], which explained a great deal of experimen-
tal data dealing with trigonal centers in 5- and 6-member-
ed rings [29). Brown generalized that exo double bonds in
a 6-membered ring were more reactive and less stable than
exo double bonds in a 5-membered ring [29]. One of many
sets of data which fit this generalization is the observation
that cyclohexanone is significantly more reactive than cy-
clopentanone toward reagents which react with carbonyl
groups [30,31]. Thus, we postulate that in intermediate 14,
internal nucleophilic attack at the iminium trigonal center
by the sulfhydryl group should occur at a faster rate when
n = 1 than when n = 0, due to the greater reactivity of
the former. If k, for 14 (n = 1) is greater than k, for 14
(n = 1), then only thiophene 2 should result, which is the
observed result. If k, is greater than k, for 14 (n = 0), then
tautomerization of 14 (n = 0) would produce some 15 (n
= 0) before all of 14 (n = 0) was convered to thiophene 1f.
The electrophilic iminium center of the intermediate 15 (n
= 0) could then be internally trapped by the amino func-
tionality to give pyrrolidinethione 7.

Scheme 4 shows our postulated mechanism for method
i, when diethylamine is the base, and for method iii. Reac-
tions of the carbanions of 10 and 4 with sulfur could pro-
duce sulfurated intermediates 16, which could decay to
mercaptide species 17. Precedent for these transforma-
tions is again found in the mechanism postulated for the
formation of 3-thiazolines from ketones, sulfur and ammo-
nia [20-22]. Cyclization of intermediates 17 by mercaptide
attack at the cyano group would lead to 18, which could
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undergo prototropic rearrangement to produce thio-

phenes 1f and 1g.

In summary, we have isolated the unexpected pyrroli-
dinethione 7 from the Gewald syntheses of thiophene 1f,
and determined its structure by **C nmr and 'H nmr spec-
troscopy. Elimination of morpholine from 7 gave mercap-
topyrrole 8, which confirmed our structural assignment for
7. The isolation of 7 led to the assumption that 1f and 7
are produced from a common intermediate. Based on this
assumption and other observations, we have proposed me-
chanisms for three of the thiophene syntheses described
by Gewald.

EXPERIMENTAL

All melting points are uncorrected. The ir spectra were recorded with
Perkin-Elmer Model 727B and Model 1310 spectrophotometers, nmr
spectra with Perkin-Elmer R-32 (90 MHz), Varian EM-360A and Varian
XL-300 (multinuclear probe) spectrometers, and mass spectra with a Fin-
nigan ge/ms Model 4023 (electron impact and chemical ionization) mass
spectrometer. Combustion analysis for C, H and N were performed by
Merrell Dow Analytical Laboratories, Cincinnati, Ohio.

Materials.

2-Aminothiophene-3-carboxylic ethyl esters la-g were prepared using
the procedure described by Gewald [2], employing method ii as defined
in the discussion section. Physical constants for 1a, lc, 1d, 1f and 1g
were in complete agreement with those reported by Gewald [2]. Com-
pounds 1b and le have been prepared by Tinney, et al [7] and
Chakrabarti, et al. [8], respectively, but physical constants were not re-
ported. Both of these compounds were purified by Kugelrohr distillation
(ca. 150°) and le solidified to a yellow solid, mp 40-41°. Yields of puri-
fied (distilled or recrystallized) material resulting from these prepara-
tions is as follows: la, 58%; 1b, 78%; 1c¢, 57%; 1d, 24%; and le, 66%.
All of the spectral data (ir, nmr and ms) for these compounds was in com-
plete agreement with structure. For preparations of 1f and 1g, see Expe-
rimental.

Cyanocyclohexylideneacetic Acid Ethyl Ester (4).

A mixture of 113 g (1.00 mole) of ethyl cyanoacetate, 113 g (1.04
mmoles) of cyclohexanone (2), 12.0 g (0.200 mole) of acetic acid, 7.70 g
(0.100 mole) of ammonium acetate and 100 ml of benzene was heated at
reflux for 2.5 hours. The mixture was washed with brine (100 ml) and
water (3 X 100 ml), and the aqueous washings were backwashed with
benzene (2 X 50 ml). The combined benzene layers were dried (sodium
sulfate) and concentrated, and the resulting oil was purified by Kugel-
rohr distillation at 150° [lit [32} bp 150-151° (9 mm)] to afford 148 g
(77%) of 4; ir (Nujol): 2190 (CN), 1730 (C=0), 1600 (C=C) cm™"; nmr (deu-
teriochloroform): 6 4.30 (q,J = 7 Hz, 2, OCH,), 3.20-2.53 (m, 4, both viny-
lic CH, groups), 2.10-1.50 (m, 6, remaining CH, groups), 1.38 (1, ] = 7
Hz, 3, OCH,CH,).

Cyanocyclopentylideneacetic Acid Ethyl Ester (10).

A mixture of 56.5 g (0.500 mole) of ethyl cyanoacetate, 47.9 g (0.570
mole) of cyclopentanone (6), 6.00 g (0.100 mole) of acetic acid, 3.85 g
(50.0 mmoles) of ammonium acetate and 70 ml of benzene was heated at
reflux, with Dean-Stark separation of water, for 3.5 hours. The mixture
was cooled, washed with 10% sodium hydroxide solution (3 X 25 ml) and
concentrated. The resulting ester was stirred with a solution of 65 g of so-
dium bisulfite in water (260 ml) for 2 days, and the clear solution was di-
luted with an equal volume of water and extracted with benzene (4 x 25
ml). The aqueous solution was then cooled in an icebath and diluted with
a solution of 25 g of sodium hydroxide in 110 ml of water. The resulting
mixture was extracted with toluene (3 x 100 ml). The toluene extracts
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were concentrated, and the resulting solid was recrystallized (benzene-
hexane) to afford 25.4 g (28%) of 10, mp 54-55° (lit [33] mp 55-57°); ir
(Nuyjol): 2190 (CN), 1720 (C=0), 1610 (C=C) cm™'; nmr (deuteriochloro-
form): 6 4.23 (g, J = 7 Hz, 2, OCH,), 3.13-2.60 (m, 4, both vinylic CH,
groups), 2.07-1.63 (m, 4, C=CCH,CH,CH,), 1.33 (1, ] = 7 Hz, 3, OCH,-
CH,); ms (70 eV, chemical ionization, methane): 180 (M™ + 1),208 (M* +
29), 220 (M* + 41).

2-Amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylic Acid Ethyl
Ester (1g).

Method i (with Morpholine).

A mixture of 56.6 g (0.500 mole) of ethyl cyanoacetate, 49.1 g (0.500
mole) of eyclohexanone (2), 16.0 g (0.500 mole) of sulfur, 49.1 g (0.500
mole) of morpholine and 150 ml of ethanol was stirred at room tempera-
ture. An exotherm occurred and the reaction temperature reached 50°.
After one hour, a thick precipitate was present. After standing overnight,
the mixture was diluted with water and the solid was collected to give 115
g of crude product. Recrystallization (ethanol) afforded 95.2 g (85%) of
1g, mp 114-115° (lit [2] mp 115°); ir (Nujol): 3490 and 3285 (NH,), 1645
(C=0) cm™; nmr (dimethylsulfoxide-d ). 6 7.14 (br s, 2H, NH,), 4.11 (q, J
= 7 Hg, 2, OCH,), 2.70-2.20 (m, 4H, C4-CH, and C5-CH,), 1.80-1.40 (m,
4H, CH,CH,CH,CH,), 1.19 (1, J] = 7 Hz, 3, CH,); ms (70 eV, electron im-
pact) m/e 225 (molecular ion).

Method i (with Diethylamine).

When diethylamine was substituted for morpholine in the above pre-
paration, an 89% yield of 1g, mp 112-113° (lit [2] mp 115°) was obtained.

Method i (with Morpholine).
A mixture of 24.2 g (0.125 mole) of 4, 4.00 g (0.125 mole) of sulfur, 15

ml of morpholine and 50 ml of ethanol was warmed on the steambath
(< 50°) until solution resulted. After standing at room temperature for
40 minutes, a precipitate appeared. The mixture was diluted with water
and the solid was collected to give 27.0 g (96%) of 1g, mp 113-114° (lit [2]
mp 115°), whose infrared spectrum was identical to that of 1g prepared
as in Method ii.

Method iii (with Diethylamine).

When diethylamine was substituted for morpholine in the above pre-
paration, a 97% yield of 1g, mp 113-114.5° (lit [2] mp 115°), was obtain-
ed.

Method iv.

A mixture of 53.1 g (0.317 mole) of the morpholine enamine of cyclohe-
xanone [34], 35.9 g (0.317 mole) of ethyl cyanoacetate, 10.2 g (0.317 mole)
of sulfur and 100 ml of ethanol was heated at 50-55° (steambath) for 2
hours. Solution initially resulted, but a crystalline solid was present after
2 hours. The mixture was allowed to stand for 15 hours and the solid was
collected to give 53.7 g (75%) of 1g, mp 113-114° (lit [2] mp 115°).

2-Amino-5,6-dihydro-4H-cyclopenta[b]thiophene-3-carboxylic Acid Ethyl
Ester (1f).

Method ii (with Diethylamine).

A mixture of 56.6 g (0.500 mole) of ethyl cyanoacetate, 42.1 g (0.500
mole) of cyclopentanone (6), 16.0 g (0.500 mole) of sulfur, 37.0 g (0.500
mole) of diethylamine and 100 ml of ethanol was heated on a steambath
(40°) for 10 minutes, at which time an apparent exotherm occurred. The
reaction mixture was then stirred at 35-40° for 3.5 hours and the result-
ing solution was diluted with water (125 ml). The resulting solid was col-
lected and recrystallized from ethanol to yield 29.2 g (28%) of 1f, mp 89°
(lit [2] mp 91°); ir (Nujol): 3405 and 3290 (NH,), 1645 (C=0) cm™; nmr
(dimethylsulfoxide-d): & 7.06 (br s, 2H, NH,), 406 (g, J = 7 Hz, 2H,
OCH,), 2.85-1.94 (m, 6H, CH,CH,CH,), 1.20 (t, J = 7 Hz, 3H, CH,); ms:
(70 eV, electron impact) m/e 211 (molecular ion).

Method ii (with Morpholine).
A mixture of 56.6 g (0.500 mole) of ethyl cyanoacetate, 42.1 g (0.500
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mole) of cyclopentanone (6), 16.5 g (0.500 mole) of sulfur, 50 ml of mor-
pholine and 150 ml of ethanol was heated (50°) on a steambath for 3
hours and then stirred for 3 days. The mixture was filtered and the fil-
trate was treated with water. The solid which resulted was collected, and
combined with the solid obtained in similar fashion from another experi-
ment, to yield 20.3 g. Recrystallization (ethanol) afforded 12.6 g (4%) of
octahydro-6a-(4-morpholinyl)-2-thioxocyclopenta[b]pyrrole-3-carboxylic
acid ethyl ester (7), mp 161-162°; ir (Nujol): 3135 (NH), 1725 (C=0) cm™;
for 'H nmr and '?C nmr spectral data, see Figure 1 (and Table 2) and
Table 1, respectively; ms: (70 eV, chemical ionization, methane) 299 (M*
+ 1), 327 (M* + 29), 339 (M* + 41).

Anal. Caled. for C,,H,,N,0,S: C, 56.36; H, 7.43; N, 9.39. Found:
C, 56.55; H, 7.51; N, 9.13.

Method iii (with Diethylamine).

A mixture of 10.0 g (55.8 mmoles) of 10, 1.79 g (55.8 mmoles) of sulfur,
15 ml of diethylamine and 50 ml of ethano] was heated on the steambath
(< 50°) for a few minutes, and the resulting solution was allowed to stir
at room temperature for 15 hours. The solution was concentrated and the
residue was partitioned between water and methylene chloride. The me-
thylene chloride layer was concentrated and the resulting solid was re-
crystallized (ethanol) to give 2.65 g (22%) of 1f, mp 87-88° (lit [2] mp
91°), whose infrared spectrum (Nujol) was identical to that of 1f prepared
by Method ii.

Method iii (with Morpholine).

When morpholine was substituted for diethylamine in the above pre-
paration, a 13.1-g quantity of oil resulted from concentration of the me-
thylene chloride layer. From tlc it was determined that neither 7 or 8
were components of this oil. This oil was applied to a 1200-ml (dry vo-
lume) column of flash chromatography silica gel (Baker, 7024-R, average
particle size 40 pm) and eluted with 1:3::ethyl acetate:hexane to remove,
after concentration of the appropriate fractions and recrystallization
(ethanol), 4.40 g (37%) of 1f, mp 87-88° (lit [2] mp 91°), whose infrared
spectrum (Nujol) was identical to that of 1f prepared by Method ii.

Method iv.

A mixture of 54.0 g (0.352 mole) of the morpholine enamine of cyclo-
pentanone (34), 39.8 g (0.352 mole) of ethyl cyanoacetate, 11.3 g (0.352
mole) of sulfur and 100 ml of ethanol was heated at 60° (steambath) for
3-4 hours. The resulting solution was allowed to stand at room tempera-
ture for 15 hours and concentrated. The resulting viscous oil, after stand-
ing for ca. 2 weeks, deposited a crystalline solid. The mixture was tritu-
rated with ether and a small volume of ethanol and the solid collected to
give 7.08 g (7%) of 7, whose infrared spectrum was identical with that of
7 prepared using Method ii. The filtrate was subjected to Kugelrohr dis-
tillation (160°) to yield a solid, which afforded, after recrystallization
(ethanol), 2.6 g (3.5%) of 1f, mp 84° (lit [2] mp 91°), whose infrared spec-
trum (Nujol) was identical to that of 1f prepared by Method ii.

1,4,5,6-Tetrahydro-2-mercaptocyclopenta[b]pyrrole-3-carboxylic  Acid
Ethyl Ester (8).

A solution of 1.00 g (3.35 mmoles) of 7 and 1 ml of diethylamine in 100
ml of methanol was heated at reflux for 3 hours. After stirring at room
temperature for 15 hours, the solution was concentrated to a small vo-
lume, cooled, and the resulting crystals were collected and washed with
ether to afford 0.250 g (35%) of 8, mp 159-160°; ir (Nujol): 3350, 3315
and 3225 (NH), 1695 and 1685 (C=0) cm™'; nmr (deuteriochloroform): é
10.27 (br s, 1H, NH), 4.30 (q, ] = 7 Hz, 2, 0CH,), 3.03-2.00 (m, 6H, CH,-
CH,CH,), 1.33 (t, ] = 7 Hz, 3, CH,); for **C nmr spectrum, see Table 1;
ms: (70 eV, electron impact) m/e 211 (molecular ion); ms: (70 eV,
chemical ionization) 212 (M* + 1), 240 (M* + 29), 252 (M* + 41).

Anal. Caled. for C,,H,,NO,: C, 56.86; H, 6.20; N, 6.63. Found: C, 56.51;
H, 5.87; N, 6.35.
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