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Al&act-The acetylation of 2-krovalerylthiophene has been studied. Condensation of P-acetyl- 
thiopene with ethyl acetate afforded 2-thenoylacetone, which reacted with acrylate ester (Michael 
condensation). Ureidomethylent+2-thenoylacetone was prepared and cyclized to the Qhenoyl- 
pyrimidine. Mass spectra of 2-monoacyl-, 2,54acyl-, and 2-benz.oylthiophenea were determined 
and their fragmentation patterns are discus&. a-Cleavage to the carbonyl group is the dominant 
feature affording the most prominent ion in most cases. The spechum of 2-benzoylthiophene suggests 
that loss of mass units 28 with the phenyl migration from the molecular ion is a likely occurrence. 

Tm (M-28) ion associated with loss of carbon monoxide from the molecular ion has 
been reported for the mass spectra of benzophenone,’ 2benzoylfuran,$ and Zbenzoyl- 
thiazole.8 It is the purpose of the present study to see if such a behaviour induced by 
electron bombardment also prevails for 2-acyl- and 2-aroylthiophenes. Another 
object is to establish the fragmentation patterns of acylthiophencs, since the only 
reported mass spectrum of acylthiophene is that of 3-acetyl-4-hydr0xythiroxythiophene.q 
For this purpose several unknown 2-acyl- and 2-aroyhhiophenes were prepared, 
which are additionally recorded in this paper. 

5’ynrtire.r. Although various reagents have been employed for the acylation of 
thiophene,&’ acylation of 2-acylthiophem! has met little success. Condensation of 
2-acetylthiophene (I) with isovaleric chloride or isovaleric acid using zinc chloride or 
phosphorus pentoxide failed whereas the reaction of 24sovalerylthiophene (II) with 
acetic acid in the presence of phosphorus pentoxide afforded diacylthiophene in poor 
yield. The NMR spectrum of this compound in deuterochloroform shows a singlet 
at 2.30 T alone in the aromatic region, which is compatible only with 2-acetyl-5- 
isovalerylthiophene (III) and excludes the other possible alternative, 2,4-diacyl- 
thiophene. 

Condensation of 2-acetylthiophene (I) with ethyl acetate in the presence of sodium 
afforded 24henoylacetone (IV), from which two compounds were obtained. An 

1 J. Eland and C. Danby. J. Chem. Sot. 5935 (1965). 
* R Grigg, M. Sargmt, D. H. Williams and J. Knight, Tetruhedron 21,344l (1965). 
* G. Clarke, R. Grigg and D. H. Williams, J. Chem. Sot. Phys. Org. 339 (1966). 
’ R. Grigg, H. Jacobsen, S.-O. Lawesson, M. Sargent, G. S&loll and D. H. Williams, J. Gem. Sot. 

Phys. Org. 331 (1966). 
‘ H. Hartough and K. Kosak, J. Am. Gem. Sot. 69,3098 (1947). 
‘ H. Hartough and K. Kosak, J. Am. Chem. Sot. 69,1012 (1947). 
’ M. Sy and B. dehlalleray. Bull. Sot. Chitn. Fr 1276 (1963). 
8 For review of acylthiophenea see H. Hartough, Thiophene and its deGvatives p. 321. Intersciena, 

New York (1952) and S. Gronowitz, Aduances in heterocyck chemistry (Edited by A. Katritzky) 
p. I. Academic Press, New York (1963). 
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attempted Michael condensation9 with methyl acrylate in the presence of sodium 
ethoxide gave a compound analysed as C&H,OsS which was also the reaction product 
of ethyl acrylate with IV in the presence of sodium ethoxide. An integrated NMR 
spectrum of this compound in carbon tetrachloride revealed a triplet (3H) at 8.75 T 
(J = 7 c/s), a triplet (2H) at 8.03 T (J = 6 c/s), a quintet (21-1) at 7.65 T (J = 6 c/s), 
a triplet (2H) at 7.05 T (J = 6 c/s), and a quartet (2H) at 5.92 T (J = 7 c/s) in the 
aliphatic region. This defines the presence of a CO(CH&,COOEt group. In the 
aromatic region three quartets were visible at 2.96 7 (J = 4.8 c/s and J = 4.2 c/s), 
243 7 (J = 4.8 c/s and J = l-5 c/s), and 2.33 7 (J = 4.2 c/s and J = 1.5 c/s) and are 
assignable to the CX, 5, and 3-protons of the thiophene ring, respectively, on the basis 
of coupling constants. lo These observations coupled with the mass spectrum (v&&r 
infu) permits the formulation of this compound as ethyl y-2-thenoylbutyrate (V). 

COMe --+I I 
I s COCH, COMe 

-c--zL s COCH,CH*CH,COOEt 

I IV V 

The transformation of compound IV into 5,2’-thenoylpryimidine was carried out 
in order to examine the possible occurrence of the (M-28) ion in its mass spectrum 
and add further examples to the catalogue of the electron impact induced fragmenta- 
tion patterns of the pyrimidine ring. rlsrs Ureidomethylene-2-thenoylacetone (VI), 
which was obtained by the reaction of IV with urea and ethyl orthoformate, was 
cyclixed with sodium methoxidera and gave a compound analysed as CroHsNsO,S 
with VII-a or VII-b as possible structures. Although lower volatility precluded the 
mass spectrometry of this compound and hence could not reveal the spectral charac- 
teristics (uide supru), VII-b is more likely for the subsequent reason. The NMR 
spectrum of this compound in hexadeuterated DMSO had a Me singlet at 7.57 T 

which showed a remarkable downfield shift (6.98 T) in trifluoroacetic acid. Such 
a large downfield shift of the Me signal on going from neutral to acidic solvent, 
which is caused by the formation of an ammonium ion, is compatible with the structure 
VII-b, and in fact it has been observed” that the resonance peak of the C-4 (or 6) 
Me of the pyrimidine ring shows a small shift (-0.2 ppm) in acetic acid and a much 
larger shift (-0.3 to -0.5 ppm) in trifluoroacetic acid from the resonance position 
in deuterochloroform. However, the Me signal of acetophenone has been reported 

D E. Bergman, D. Ginsburg and R. Pappo, Org. RemHorn 10,179 (1959). 
lo R. White, Physical methods in hekrocyclic chermkrry (Edited by A. Katritzky) Vol. 2; p. 103. 

Academic Press, New York (1964). 
l1 J. Rice, G. Dudek and M. Barber. J. Am. Chem. Sot. 87,4569 (1965). 
la T. Nisbiwaki, Teddron 22,3117 (1966) and bis subsequent papas. 
u C. Whit&cad, /. Am. C&m. Sot. 75,671 (1953). 
la T. Niiwaki, Tetrahedron 23, 1153 (1967). 
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TABLEI.THE THIOPEENERINGPR~NS~PTHE~~M~~~M) 
VII-b (T VALUES)* 

G3 C-4 G5 

d,-MqSO 2.11 (q, 
I 
J,, = 4.2) 2.67 (q, J,I - 5.4) l-88 (q, J,‘ = 5.4) 
JII = l-5 Ju = 42 I Ju = l-5 

CF,COOH 2.17 broad 266 broad 1.89 (q, 
I 
J,, = 5.4) 
J,, = 1.5 

l Spin-spin coupling is indicated in parentheses by the multiplicity (q; quartet) 
followed by the coupling constant in c/s. 

to move downfield (0.14 ppm) to a slight extent on going from deuterochloroform 
to trifluoroacetic acid.16 The C-6 (or 4) proton appeared at l-44 T in hexadeutcratcd 
DMSO in agreement with the reported vah# which shifted to 0.99 T in tiuoro- 
acetic acid. No significant change was produced in the line positions of the thiophene 
ring hydrogens as is indicated in Table 1. This result shows the general applicability 
of the Whitehead’s procedureP to the preparation of Sac&y1 and 5-aroylpyrimidines. 

Mass spectra. The mass spectra of compounds I, II, TIT, IV, V, VIII. and IX 

C-J- S 
COPh 

Brm S COMe 

Vllf IX 

were determined. Inspection of the spectra of I, II, and VIII reveals, as expected, 
an analogy with the fragmentation pattern in the spectrum of, for example, aceto- 
phenone.” a-Cleavage to the carbonyl group is the dominant feature in each of 
the spectra affording an m/e 111 (a) as the base peak. Its counterpart (b) is far less 
abundant (5-33’4) and, as expected, the longer alkyl group decreases the intensity 
of the ion (b). This behaviour is still maintained in the spectra of the &ketoester V 
and the bromoketone Ix in which the m/e 111 for V or m/e 189 (and its isotopic m/e 

x5 J. Ma and E. Warnhoff, Canad. J. Chem. 43,1849 (1965). 
as S. Gronowitz, B. Norman, B. Gestblom, B. Mathiasson and R. Hoffman, A&D Kemi ?2,65 (1964). 
I7 R. Budzikiewicz, C. Djerassi and D. H. Williams, Interpretation of mass spectra of organic 

compounds, chapter 9. Holden-Day, San Fran&co (1964). 
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191) for IX is the base peak whereas the ion (b) was absent for V or of limited 
abundance for IX. The process can be supported by the presence of an appropriate 
metastable ion in each of the spectra. The behaviour of the /Ldiketone IV is not 
exceptional in this respect exhibiting the m/e 111 species as the most prominent. 

C-J- S 
CEO’ 

(a) 

RC=O+ 

(b) 

TABLE 2. MASS SPECIRA OF ~-A~YL.TI~I~P~ 

I 

II 

VIII 

IX 

The 2,5diacylthiophene III displays a slightly different feature from this general- 
ization. Although a-cleavage can furnish (c) and (d), their abundances are supressed 
in favour of an m/e 168 species (e), which is the base peak and is produced by the 
/?-scission with concomitant migration of a y-hydrogen (the McLafferty rearrange- 
ment’s~le). It should be noted that elimination of ketene from III could also furnish 
the molecular ion of II isobaric with (e), but if such a process should operate to an 
appreciable extent, the spectrum of III would exhibit a rearranged m/e 126 species 
as is observed in the spectrum of II. However, this was not the case (Fig. 1). 

U F. McLdkty, Mass S’ctrometry of OrgMic Ions p. 336. Academic Press, New York (1963). 
I* H. Budzikicwicz, C. Fmselau and C. Djerassi, Tetrahedron 22,139l (1966). 

mle 
RI(%) 
mle 
MC%) 
mle 
~(%.I 

mle 
RI(%) 
mle 
RICA 
mle 
RI(%) 

mle 15 37 38 39 
lu(%) 2 4 I 4 
mle 58 69 81 82 
RI (%I 14 923 
mle 163 164 189 190 
RI (“A 9 299 6 
mle 207 208 
RI CA 3 3 

15 18 27 28 
4 3 4 4 

69 15 81 82 
3 4 3 3 

128 
3 

29 31 39 43 45 57 58 59 
6 14 26 16 14 7 4 7 

83 84 111 112 113 126 127 
12 4 100 6 4 50 4 

18 27 28 29 38 39 41 43 45 53 57 58 
6 15 4 12 5 74 24 10 16 8 16 6 

60 69 82 83 84 85 97 111 112 113 126 
9 12 5 25 18 4 9 100 21 16 43 

127 128 153 168 169 170 
10 8 21 68 8 4 

38 39 45 51 52 
1 13 2 5 13 

75 76 17 78 79 
2 2 29 2 1 

112 113 115 160 171 
6 5 3 8 5 

41 
3 

83 
5 

191 
100 

53 54 57 58 63 69 74 
1 1 2 1 1 1 2 

80 82 83 89 105 106 111 
5 2 7 1 31 3 100 

187 188 189 190 
9 13 9 4 

43 44 45 49 50 53 57 
21 2 6 2 2 3 7 
84 96 117 119 161 162 
2 1 7 7 9 2 

192 193 204 205 206 
6 4 43 3 44 
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Meoc~cOCHCHhle ? + 1 

w m’e153 
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I 

(4 m/e 168 

l O=JQcOCH 
* 

CHMe 
* 

(d) m/e 195 

Loss of mass units 15 from (e) leads to (c) as is supported by the presence of a meta- 
stable ion at m/e 139 (talc. 153s/168 = 139.3) in the spectrum of III. 

0 20 40 60 I30 I00 
I 
120 I40 ik I I L 

160 200 

m/e 

Fro. 1. Mass qxctrum of 2-acetyl-5-isovaleryhhiophene. 

Contrary to y-ketoesters0 the hydrogen rearrangement to the keto carbonyl 
should prevail for bketoester. In support of the structure V for the reaction product 
of the fldiketone IV with acrylate ester an m/e 126 ion is observed in its mass 
spectrum, which, coupled with the presence of m/e 139 and m/e 153 ions, shows the 
presence of a system. 

I! S 
COCH,CH,CH,- 

Another type of the olefin elimination with a hydrogen rearrangement is likely 
to operate. An m/e 112 for II and an m/e 154 for III are more abundant than expected 
from the w isotopic peak of their immediate predecessor. One of possible explana- 
tions is the migration of a hydrogen to sulphur with concurrent elimination of 
olefin resulting in the formation of a radical ion (f).al 

- S.-O. Lawaaon, J. Madsen, G. Schrcll, J. Rowie, R Grigg and D. H. Williams, Acta C&m. ScMd. 
z&1129 (1966). 

m Recently similar mechanism was suggested for the fragmentation of acylfuran under electron impact. 
K. Hcyns, R. Stute and H. scharmann, Tetrahedron 22.2223 (I!%). 
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11, 111 Me, 

The m/e 111 species (a) is again observed with high intensity in the spectrum of the 
2,5diacylthiophene III, which must be formed by a hydrogen rearran gement in 

FIG. 2. Mass qxctmm of ethyl y-2-thenoylbutyrate. 

(c) or (d). The ion (c) is a more likely precursor for the m/e 111 species because 
of a metastable ion observed at m/e 80.5 (talc. 111*/153 = 80.5). An added 
argument in favour of such a rearrangement is that an m/e 84 ion was observed 
(the molecular ion of thiophene itself) in the spectra of I, II and IV, or a bromine- 
containing ion at m/e 162 and 164 in the spectrum of IX. It is speculated that loss of 
ketene or alkylketene with concurrent migration of a hydrogen to the thiophene ring 
via a Cmembered cyclic intermediate may operate in the formation of the m/e 84 
species, but for II the participation of a larger ring size intermediate should not be 
excluded. 

According to Djerassi et al.Fa Occurrence of the thioformyl ion (m/e 45) CH=S+ 
suggests that at least one of the C-2 or C-5 carbon atoms of the thiophene ring is 
bonded to a hydrogen. The very existence of the m/e 45 species, though small in 
intensity, and a cyclopropenium cation (m/e 39)* in the spectra of the 2,5disubstituted 
thiophenes III and IX can be accommodated if such a hydrogen rearrangement is 
invoked and hence additionally supports the foregoing proposal. A substituted 
cyclopropenium cation (m/e 117 and m/e 119) was observed for the bromoketone IX 
which gives rise to an m/e 38 species by elimination of a bromine atom. 

Loss of mass units 28 from the molecular ion was appreciable for 2-benzoyl- 
thiophene VIII (8 % of the base peak) but did not occur for 2-acetylthiophene I and 
other Zacylthiophenes examined. Analogy with the mass spectral behaviour of 
benzophenone,12-benzoylfuran,P and 2-benzoylthiazoles may permit the speculation 

** Chapter 11 of Ref. 17. 
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that the lost entity is carbon monoxide P8 This suggests that a Ph group has a greater 
migratory aptitude than Me. A metastable ion was present at m/e I36 (talc. 160sj 
188 = 1362) for this process. The (M-28) ion (e;r thus produced closely follows the 
the fragmentation of thiophene itseff,17 and gives rise to a phenyl~clopro~~~ 
cation {h) and t~acyclopro~~~ cation (i).* However, the pheny~~~clopr~ 
penium cation Q) was completely absent, which may associate with the facile loss of 
phenylaeetylene as a neutral entity. 

The spectrum of the diketone IV exhibits an abundant m/e 126 fk) (en01 form of I). 
This will be produced by loss of ketene from the enol form of the diketone or from the 
diketo form through the McLafferty rearrangement in keeping with the behaviour 
of, for example, acetyl acetone .%l An m/e 135 species may be at Ieast in part produced 
in one step with loss of Me and water from the molecular ion because of the presence 

cl-- I I 
80 S 

COCH 2COMe 

20 40 60 
II /J 1.h J / /I 

80 too I20 140 

m/e 
Fra. 3. Mass spectrum of ttbenoylacetone. 

of a metastable at m/e 108 (talc. 13~5~1168 = 108.4). In the spectrum of IV an m/e 
69 species is very prominent contrary to other spectra examined where this species 

l For the detaiied rewxing behind the formation of the cychqxopenium and tbiacyclopropcnium 
cations from thiopbene set Ref. 22. 
y After the submission of this papar similar observation on 2-bu~oyRhiophene has been reported, 

J. Bow& S.-G. Laweasort, P. Jakobsen and G. S&roll, C-km. Commwt. 539 (1966). 
u J. Bowic, D. H. Williams, S.-G. Lawcsson and 0. S&roll, J. 0~. Chem. 31,1384 (1966). 
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is small to negligible in intensity, but its identity and the mode of formation remains 
uncertain as yet. 

EXPERIMENTAL 

The mass spectra were taken with a Hitachi RMU 6D mass spectrometer fitted with an all glass 
inlet system at an ionization energy of 80 eV and an ionizing current of 80 JLA. Inlet system and ion 
source were maintained at about 200”. NMR spectra were taken with a Nihon-Denshi type JNM- 
3H-60 NMR spectrometer at 60 MC with TMS as an internal standard. NaOMe was a commercial 
product. M.ps were taken on a hot stage but were uncorrected. 

2-AcetyI-5-~~erylt~pk~ @II). A mixture of isovalerylthiophene (8.4 g), HOAc (34 g), 
PIOI (7.1 g), and benzene (50 ml) was stirred for 4.5 hr under rellux. The benxene soln was decanted, 
and the residue was dissolved in water and extracted with ether. The benrene soln was combined with 
the extracts, dried (Na,SO,), and distilled. Unreacted starting ketone (3.5 gJ (b.p. 74-80”/@8 mm) 
was recovered and the fraction boiling over 100°/O*8 mm was collected which solid&d and recrys- 
tallized for several times from ligroin as colourless needles (1.1 g), np. 108-109”. (Found: C, 6290; 
H, 664; S, 15.56. C1iH1,O,S requires: C, 62.83; H, 6.71; S, 1525%) 

2-Thcnoyacetone (IV). A mixture of I (12.6 g), AcOEt (26.4 g), and powdered Na (3.0 g) was 
stirred in anhyd ether (100 ml) for 2 hr under retlux, during which time Na dissolved and the reddish 
brown Na-salts precipitated. They were filtered, washed with ether, and dissolved in water (300 ml). 
The resulting aqueous soln was washed with ether, acidified with HOAc, and the organic layer was 
extra&d with ether, dried (Na,SOJ, and distilled to afford the compound, b.p. !JO-91”/0*4 mm, 9.8 g. 
It had mp. 31-32”. (Found: C, 57.18; H, 5.06. Cx &O,S requires: C, 57.12; H, 4*790/) 

Ethyf y-tthenoyfbutyrute (V). To the soln of IV (5.04 9, in NaOEt (Na, @4 g and EtOH, 30 ml) 
was added methyl acrylate (4GO g) and the mixture was left over for 48 hr at room temp. The solvent 
was removed, the residue was dissolved in water, acidified with HOAc, and extracted with ether. 
The ethereal soln, after being dried (Na,SO,), was distilled at 133-136”/@4 mm to give the compound 
(3.4 g), ng l-5239. (Found: C, 58.24; H, 6.59; S, 1432. CrlH1,O,S requires: C, 58.38; H, 624; 
s, 14.17 %.) 

Ure&&methylene-2-thenoylawtone (VI). The compound N (925 g) and ure(a 3.0 g) were heated 
in ethyl orthoformate (8.9 g) under reflux for 2 hr. After being cooled the solid was collected (8.1 g) 
and recrystallized twice from nitromethane as light yellow needles, m.p. 203-204” (dec). (Found: C. 
5@13; H, 4.30; N, 11-67; S, 13.04. C,H,.O,N,S requires: C, 50.41; H, 42.3; N, 11.76; S, 
1346 %.) 

2-Hydroxy-4-methyI-5-2’-rhenoylpyrimidin (VII-b). To VI (1.35 g) in anhyd MeOH (20 ml) was 
added NaOMe (0.31 g). The mixture spontaneously turned yellow with slight exothermal reaction 
and solid began to precipitate. After being left overnight at room temp the solvent was removed by 
distillation, the residual reddish oil was dissolved in water (30 ml), the resulting clear soln was 
acid&d with HCl, and the ppts (I.12 g) were recrystsllized from water and then from MeOH as 
colourless needles, mp. 264-267” (dec). (Found: C. 54.20; H, 3.54; N, 12.52; S, 1453. CrOHaN.OIS 
requires: C, 54.53; H, 366; N, 12.72; S, 14.56%) 


