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Nitration of 4,5-Dihydro-5-methyl-6H-
cyclopenta[ b]thiophene-6-one and Nitration and Acetylation
of «-Methyl-g-(3-thienyl) propanoic Acid. A Reinvestigation

JAN SKRAMSTAD

Division of Organic Chemistry, Chemical Center, University of Lund, Lund, Sweden

Contrary to the results obtained by others, the nitration of 4,5-
dihydro-5-methyl-6H-cyclopenta[b]thiophene-6-one is shown to give
two isomers, making this reaction analogous to the nitration of 2-
acetylthiophene. The nitration and acetylation of o«-methyl-g-(3-
thienyl)propanoic acid is in the same way shown to be analogous to
the nitration and acetylation of 3-methylthiophene, giving in each
case the 2-substituted derivative as the major product.

An interesting ortho-effect was observed in the mass spectrum of
4,5-dihydro-5-methyl-6H-cyclopenta[b]thiophene-6-one, and is com-
pared with a similar effect in o-nitrotoluene. Even in the case of the
other pair of isomers large differences in the mass spectra were noticed.

Du.ring work on the chemistry of cyclopenta-thiophenes now in progress in
this laboratory, our attention was called to a publication by Sam and
Thompson.! These authors report the nitration of 4,5-dihydro-5-methyl-6H-
cyclopenta[b]thiophene-6-one and the nitration and acetylation of «-methyl-
B-(3-thienyl)propanoic acid. As their results to some extent seem to be at
variance with the normal substitution pattern in thiophene derivatives, and
as they give no structural proofs of the reaction products, we thought it
worthwhile to reinvestigate their work.

The synthesis of 4,5-dihydro-5-methyl-6H-cyclopenta[b]thiophene-6-one
was accomplished in one step from thiophene and methacrylic acid in poly-
phosphoric acid according to Meth-Cohn and Gronowitz.? «-Methyl-f-(3-
thienyl)propanoic acid® was prepared from 3-bromomethylthiophene and
diethyl methylmalonate by the usual malonic ester synthesis, followed by
hydrolysis and decarboxylation.

Sam and Thompson carried out the nitration of 4,5-dihydro-5-methyl-6H-
cyclopenta[b]thiophene-6-one in acetic anhydride with a mixture of fuming
nitric acid and acetic anhydride. They prepared this nitration mixture at
—6°C, and considered it to be an acetyl nitrate solution in acetic anhydride.
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According to Bordwell and Garbisch,* however, it is not likely that acetyl
nitrate is formed at temperatures below 10°C. In any event Sam and Thompson
obtained nitrated products. With a reaction temperature between —6°C and
—15°C they claim the formation of a single product (m.p. 98—100°C) to which
they assigned structure I. Apparently they failed to detect any of the isomeric
compound II. At temperatures between 0°C and 10°C Sam and Thompson
obtained a ring-opened nitrated product III (m.p. 135—136°C) together with

Hj
ON CHy— C/I::
7 4 “cooH
0N l I CH / \
CHy 3 NO
s S < S 2
0 o]
I I m

1. The position occupied by the nitro group in I and III was not proved, but
deduced by analogy with Rinkes’ nitration of 2-acetylthiophene 5 (in which
about equal amounts of 4-nitro- and 5-nitro-2-acetylthiophene were obtained).
Neither are these results analogous with Tirouflet’s nitration of acetylthio-
phene,® which gave 52 9, of 4-nitro-2-acetylthiophene.

We have repeated Sam and Thompson’s experiment under their conditions.
Our results are expressed in the following scheme:

J Ac,0/HNO4 I + I + I
/ -6° 55% 45%
s CH, > v
50°% conversion 88°% 12°%
0

The products were identified by NMR, elementary analyses and mass spectra.
I and II were separated by fractional crystallization from ethanol/water.
The least soluble isomer (m.p. 99—101°C) gave an NMR spectrum (CDCl;)
with an 1 H singlet at r=2.05 ppm and the other (m.p. 94—96°C) possessed
an 1 H singlet at v=1.16 ppm. The NMR spectrum (CDCl;) of the starting
material shows thiophenic absorptions at =2.21 ppm and v=2.97 ppm due to
the 2- and 3-hydrogens, respectively.? Since it is known that a nitro group
shifts an ortho hydrogen approximately 1 ppm to lower field in mononitrated
thiophenes,? it is evident that the compound melting at 99—101°C is the 2-
nitro isomer (I) and that the compound melting at 94—96°C is the 3-nitro
isomer (II). The acid (m.p. 133—135°C) gave an NMR spectrum with a typical
4,5-coupling constant of 5.4 c/s characteristic of 2,3-disubstituted thiophenes,®
which confirms the structure III. The structure assignments made by Sam
and Thompson regarding I and III are thus substantiated. We have also
carried out the nitration with the same nitrating mixture prepared at 20°C.
According to the literature 4 this should then contain appreciable amounts
of acetyl nitrate. Within experimental error, however, the same isomer distri-
bution was obtained.
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Table 1. Dominant fragments in the mass spectrum of 4,5-dihydro-5-methyl-2-nitro
(and -3-nitro) -6H-cyclopenta[b]thiophene-6-one. Relative intensity taken as ion current
for each fragment in percent of total ion current from m/e=25 and above.

Relative intensity
Mass Probable J o
(me) origin %N@CH3 v I o
s 3
0 0
197 Parent ion 16.96 11.85 (base peak)
182 197t —CH, 17.83 (base peak) 2.53
180 197+ —OH 0.16 3.16
169 197+ —-CO 1.72 0.21
163 180t —OH 0.09 1.01
153 180+ —HCN 0.15 2.44
152 180+ —CO 0.565 1.19
151 197+ —NO, 1.93 0.51
138 1587 —CH, 0.26 2.07
136 1821 —NO, 2.79 0.80
1563+ —CO
125 {1 iy . 0.18 5.91

An interesting difference in the fragmentation pattern during electron
impact in the mass spectrometer was observed between the two nitrated cyclo-
penta[b]thiophenes. Table 1 records the relative intensities of dominant frag-
ments in percentage of total ion current for the two isomers. These data may
be visualized in the following manner:

) 182 ~=No
N 7/ }HQ/ \-
% s I CHy 136
\NOK‘ B C\‘\Q_—/"v

R 2
i-co 151 ==
169

oN 163 138

7 / OH I-OH j

s CHy —H 10 —HCN, 53 =CO , )5
' N .-
i o “Co 152 --zpeN
i-CH
¢ 3-NO;@
182-----= +136

Solid arrows indicate processes whose occurrence is supported by metastable
peaks. The fragmentation of the 3-nitro derivative outlined above is quite
similar to the fragmentation pattern of o-nitrotoluene.® The primary frag-
mentation of o-nitrotoluene is the loss of OH from the molecular ion followed
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by loss of either CO and/or HCN. Analogous to the mechanism given for loss
of OH from the o-nitrotoluene ion, the following mechanism is proposed:

H Ne H

CHy— CH,

-OH\/
0 0

This behaviour then represents a confirmation of the structure assignments
since only the 3-nitro compound should give such an ortho-effect.

The most surprising part of Sam and Thompson’s work is their conclusions
from nitration and acetylation of a-methyl-g-(3-thienyl)propanoic acid. They
claim that this exclusively gives 5-substitution. Giving no structural proofs,
they base their reasoning on an analogy with the nitration 1° and the acetyla-
tion I of 3-methylthiophene. As has been known for a rather long time, elec-
trophilic substitution in 3-methylthiophene always gives the 2-isomer as the
major product, and that is also the case in the work to which Sam and Thomp-
son make references. Our repetition of these experiments gave quite different
results, which are shown in the scheme:

R
20/“‘“3 14 g—NO ON—Z/ \g
- s
/. e
58% 42%
100° H g,
R
e,—slo /
™ Vo {./
/ [ H
COCH, HCOC 3
3 H S s
0
_CHj 62% 38%
R= - CHy- CH 55 % 45%
COOH

The structure determinations of the isomers are based on their NMR
spectra. In the case of nitration, two solids were isolated, one of which was
identical with the previously mentioned «-methyl-p-(2-nitro-3-thienyl)-
propanoic acid (III). The other had the same melting point as the one con-
sidered by Sam and Thom 1}1)8011 to be a-methyl-f-(5-nitro-3-thienyl)propanoic
acid. Its NMR spectrum showed, however, that this was a 50:50 mixture of
the 2-nitro and the 5-nitro isomer, the latter having a characteristic 2,4-
coupling constants of 1.5 c¢/s. The 2-acety1 derivative showed a 4,5-coupling
constant of 5.0 c/s and finally the 5-acetyl compound had a coupling constant
of 1.2 ¢/s, which is due to a 2,4-coupling. Our results are thus closely analogous
to Rinkes’ 10 nitration and Kosak’s!! acetylation of 3-methylthiophene. It
should also be mentioned that Meth-Cohn and Gronowitz 2 obtained mostly 2-
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Table 2. Dominant fragments in the mass spectrum of methyl a-methyl-g-(2-nitro (and
§-nitro) -3-thienyl)propanoate. Relative intensity defined as in Table 1.

Relative intensity
_CHy CHs
Mass Probable LR <
(mle) origin CHy  coocHy / CHy “coocky
A oo
s NO, 2 s
229 Parent ion 0.12 4.06
212 229—O0OH 0.12 0.81
198 229—0OCH, 1.94 0.86
183 229—-NO, 7.16 (base peak) 0.32
170 229—COOCH, 1.76 5.62
169 229—-HCOOCH, 0.565 7.66
152 183—OCH, 3.46 0.17
CH,
/
142 229 — CH 2.55 14.65 (base peak)
COOCH,
97 2.00 1.60
96 1.34 . 4.96

acetylated product when they reacted acetic acid with f-(3-thienyl)propanoic
acid in PPA. The neutral product formed in our acetylation reaction was shown
(NMR, IR) to be identical with an authentic sample of 4,5-dihydro-5-methyl-
6H-cyclopenta[b]thiophene-6-one.

As a further structural proof the mass spectra of the nitrated and acetylated
isomers were recorded. All of the acids were first converted to methyl esters

Table 3. Dominant fragments in the mass spectrum of methyl-x-methyl- 8-(2-acetyl (and
5-acetyl) -3-thienyl)propanoate. Relative intensity defined as in Table 1.

Relative intensity

M Probabl e el
b —~ _
(ma}:&; f,‘,’.ig",-‘ne CHy  coocH, / \C“z “coock,
@-cocm “3C°C'< X
s s
226 Parent ion 1.76 7.24
211 226—CH, 0.04 4.62
167 226—COOCH, 3.88 6.64
166 226—HCOOCH, 7.93 2.92
153 5.40 0.66
151 13.84 (base peak) 1.65
/CH,,
139 226—CH\ 4.56 18.50 (base peak)
COOCH;,
43 +0=C—CH, 11.14 15.28
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Table 4. Dominant fragments in the mass spectrum of methyl-a-methyl-§-(3-thienyl)
propanoate. Relative intensity defined as in Table 1.

Relative intensity

Mass Probable CH, _CH’CH3
(m/e) origin U ~coocH,
s
184 Parent ion 8.41
153 184 —OCH, 1.42
125 184 —-COOCH, 12.46
124 184 —HCOOCH, 5.78
CH,
s
97 184—CH\ 35.46 (base peak)
COOCH,

by the action of methanol and dry hydrogen chloride and then injected into
the gas chromatographic part of the mass spectrometer. As can be seen from
the partial spectra (Tables 2 and 3), the isomers exhibit quite large differences
in fragmentation pattern. The mass spectrum of the methyl ester of the start-
ing material is recorded in Table 4.

From these results it is quite obvious that the 5-substituted isomers have
a fragmentation pattern similar to that of the starting material. By analogy
with the mass spectrum 2 of 3-methylthiophene it is proposed that the main
fragmentation involves a rearrangement to the corresponding thiopyrylium
ion. The compounds substituted in the 2-position behave differently upon
electron impact. Regarding the 2-nitro isomer (Table 2, left column), primary
loss of OH from the molecular ion (which may be expected by analogy with
o-nitrotoluene as mentioned above) occurs to a negligible extent. The base
peak at m[e=183 can be explained by a loss of NO, from the molecular ion.
It is interesting to note that even the acid (III, M=215) has a base peak
(m/e=169) corresponding to the loss of NO, from the molecular ion.

As for the 2-acetyl compound (Table 3, left column) the base peak at
mfe=151 may be explained by a fragmentation involving loss of COCH; and
CH,0H from the molecular ion. Even in the case of the ethyl ester, the base
peak occurred at m[e=151.

_CHy CHy
CH;—CH - —CH
\
R f/ \5 COOCH,4 COOCHj, I N
S R s/
® )
R=H my =184 m4 =97 (base peak)
R=NO, my =229 mg =142( -n- )
R=COCHy my =226 mg =139 ( -u= )
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More material is needed before the fragmentation pattern of these com-
pounds can be outlined, and we are therefore pursuing our investigations of

these problems.
- EXPERIMENTAL

4,5-Dihydro-5-methyl-6H -cyclopenta[blthiophene-6-one.2 NMR (CDCl,): 1y;=2.21 ppm
(d), t35=2.97 ppm (d), Tc,cu=06.4—"7.6 ppm (m), Tcx,=8.65 ppm (d); Jyg_3z=>5.0 /s,
Jer,—ca=7.6 ¢/s. IR (CCl,): v, em™, in order of decreasing absorbance: 1710 (carbonyl),
1430, 1265, 1445, 925, 720, 1305, 1375, 1190, 1085.

Nitration of 4,5-dihydro-5-methyl-6H-cyclopenta[blthiophene-6-one. To 5.0 g (0.033
mole) of 4,5-dihydro-5-methyl-6H-cyclopenta[b]thiophene-6-one in 18.5 ml of acetic
anhydride a solution of 10 g of fuming nitric acid (d 1.50) and 12.5 ml of acetic anhydride
(prepared by addition of the nitric acid to the anhydride at —6°C) was added dropwise
with stirring at —6°C. After the addition was completed, the reaction mixture was
stirred for 30 min at —6°C and then poured, with stirring, into 100 ml of cold water.
The resulting oil was taken up in ether, the ether extract washed with 10 9% sodium
bicarbonate solution and water. After drying (MgSQ,), the ether phase was evaporated
in vacuo, giving 5.4 g of a semicrystalline solid. The NMR spectrum of this crude product
showed it to be a mixture of starting material (2.5 g, 50 %) and two mononitro deriva-
tives (2.9 g, 44 9%,) in relative proportion 45:55. Fractional crystallization from ethanol/
water gave two faint yellow solids. The least soluble isomer had m.p. 99—101°C and
respresented the major portion. This isomer was identified as 4,5-duhydro-5-methyl-2-
nitro-6H -cyclopenta[b]thiophene-6-one. NMR (CDCl,): t4;;=2.05 ppm (8), Tem,ca=6.3—17.5
ppm (m), tcq,=8.60 ppm (d); Jon,—cu="7.0 ¢/s. IR (CCl,): », em™, in order of decreasing
absorbance: 1725 (carbonyl), 1345, 1525, 1240, 1410, 1070, 1540, 1445, 1280, 1305.
(Found: C 49.03; H 3.59; N 7.20; S 16.04; Mol.wt. 197 (mass spectrum, see Table 1).
Cale. for C;H,NO,S (197.2): C 48.72; H 3.58; N 7.10; S 16.26).

The other isomer had m.p. 94—96°C and was identified as 4,5-dihydro-5-methyl-3-
nitro-6H-cyclopenta[blthiophene-6-ome. NMR (CDCl,): Ty =1.16 ppm (8), TcH,cH=6.0—"7.3
PPm (m), Tex,=8.568 ppm (d); Jeg,—cax="7.0 ¢/s. IR (CCl,): », em™, in order of decreasing
absorbance: 1725 (carbonyl), 1555, 1355, 15620, 1255, 1440, 930, 850, 890, 3110. (Found:
C 49.07; H 3.57; N 7.19; S 16.31; Mol.wt. 197 (mass spectrum, see Table 1). Calec. for
CH,NO,S (197.2): C 48.72; H 3.58; N 7.10; S 16.26).

The sodium bicarbonate wash solution obtained above was acidified with 5 N hydro-
chloric acid to give an oil which was extracted with ether. Drying (MgSO,) and evapora-
tion of the ether yielded 0.43 g (6 9,) of a product, which after crystallization from acetone/
water melted at 133 —135°C. This compound was a-methyl- B-(2-nitro-3-thienyl)propanoic
acid. NMR ((CD,)4CO): tcoog=—0.10 ppm (8), T55z=2.21 ppm (d), t4;=2.86 ppm (d),
TcHcH=6.2—7.5 ppm (m), tcy,=8.78 ppm (d); Jy4py sz=>5.4 ¢/s, Jeu,ca=6.5 ¢/s. IR
(CClL,): v, em™, in order of decreasing absorbance: 1340, 1714 (CO), 1509, 1400, 1550.
(Found: C 44.42; H 4.02; N 6.86; S 14.70; Mol.wt. 215 (mass spectrum). Cale. for C;H,NO,S
(215.2): C 44.64; H 4.22; N 6.51; S 14.90).

Nitration of a-methyl-p-(3-thienyl)propanoic acid. The procedure employed was that
of Sam and Thompson. A solution of 5.0 g (0.029 mole) of «-methyl- 8-(3-thienyl)propanoic
acid ® in 10 g of acetic anhydride was added dropwise with stirring at —6°C to a mixture
of 5 g of nitric acid (d 1.5) and 8 g of acetic anhydride (prepared as above at —6°C).
After an additional 30 min, of stirring at —6°C, the resulting solution was poured into ice
water. The oil that separated was taken up in ether and the water phase was extracted
thoroughly with ether. The combined ether phases were dried (MgSO,) and the ether
evaporated in vacuo to give 4.5 (72 9,) of product. The NMR spectrum of this crude
material revealed the existence of two mononitro derivatives: «-methyl-p-(2-nitro-3-
thienyl)propanoic acid (2.6 g, 58 %), a-methyl-p-(5-nitro-3-thienyl)propanoic acid (1.9 g,
42 %). Crystallization from acetone/water gave two sharply melting solids. One of them,
with m.p. 133—135°C, was identical with «-methyl-g-(2-nitro-3-thienyl)propanoic acid
(prepared above). The other solid had m.p. 94—96°C. NMR showed that it was a 50:50
mixture of the 2-nitro and the 5-nitro compound. In spite of several attempts to separate
this mixture into its components by fractional crystallization from various solvents, it
remained unseparated. NMR ((CD;),CO): Peaks belonging to the 5-nitro isomer only:
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Tcoor=—0.10 ppm (8), t35;=2.056 ppm (d), 145 =2.37 ppm (broad singlet), Tcx,cp="6.2—
7.5 ppm (m), 1cy,=8.82 ppm (d); Jog_4q=1.5 ¢/8, Jen,cu="06.5 ¢/s. Absorptions due to
the 2-nitro isomer were identical with those given above. IR (CCl,): », cm™, in order of
decreasing absorbance: 1340, 1715, 1510, 1420, 2980, 1400, 2940, 1550. (Found: C 44.24;
H 4.09; N 6.13; S 14.59. Cale. for C;H,NO,S (215.2): C 44.64; H 4.22; N 6.51; S 14.90).
For the mass spectrum of the methyl esters, see Table 2.

Acetylation of «-methyl-B-(3-thienyl)propanoic acid. Following the procedure of Sam
and Thompson 5.0 g (0.029 mole) of a-methyl-S-(3-thienyl)propanoic acid ® and 3.0 g
(0.029 mole) of acetic anhydride was mixed and heated to 60°C with stirring. Then 0.3
ml of 85 9, orthophosphoric acid was added and the mixture heated to 100°C for 2 h. After
cooling to 50°C, water was added and stirring continued for a further 30 min. Then the
oily layer was taken up in ether and the ether extracted several times with 10 9% sodium
bicarbonate solution. The combined extracts were acidified with 10 9, hydrochloric acid.
This gave 3.5 g of acidic material. From the ether extract was isolated 1.5 g (35 %)
neutral product, which was proved (IR, NMR) to be the cyclised acid, 4,5-d¢hydro-5-
methyl-6H-cyclopenta[blthiophene-6-one. NMR analyses of the crude acidic product
showed that it consisted of 0.9 g (25 %) of starting material and 2.6 g (75 9%,) of a mixture
of monoacetylated products in relative proportion (38:62) with the 2-acetyl derivative
dominating. This gives 42 9, yield of acetylation and 18 9, recovery of starting material.
NMR (CDCly): a-methyl- B-(2-acetyl-3-thienyl)propanoic acid: t5;=2.66 ppm (d), 145, =3.08
ppm (d), tex,ca=6.3—17.5 ppm (m), Tcocy,=7.45 ppm (8), Tcu,=8.75 ppm’(d); J 4y s
=5.0 ¢/s, Jeg,—cu="1.5 c/s. a-Methyl- -(5-acetyl-3-thienyl)propanoic acid: Taa=2.53 ppm
(d), Tgg=2.77 ppm (d), tcuy,ca=6.3—"7.5 ppm (m), Tcocu,=7.45 ppm (8), Tcy,=8.77 ppm
(d); Jop_gu=1.2 ¢fs, Jeu,ca="17.0 o/s. For the mass spectrum of the methyl esters, see
Table 3.

The melting points are uncorrected. The IR spectra were recorded on a Perkin Elmer
grating infrared spectrophotometer type 257, the NMR spectra on a Varian A 60 (with
TMS as an internal standard). The elementary analyses were carried out by Iise Beetz,
Mikroanalytisches Laboratorium, Kronach. The mass spectra were obtained with an
LKB 9000 with an ionization energy of 70 eV. In the case of the nitrated cyclopentathio-
phenes (I and II) a direct inlet system was used. In the other cases the isomers were
first separated by VPC on a 3 m SE 30 (1 9%,) column before injection into the ion source.
The column temperature was 165°C for the nitro derivatives and 140°C for the other
esters. In each case the 2-isomer had shorter retention time than the corresponding 5-
isomer,
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