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Abstract—Acylation of (3H,5H)-tetrahydrothiophene-2,4-dione (thiotetronic acid) wihetyl, propionyl,

and valeryl chlorides followed by €C isomerization in the presence of 4-dimethylaminopyridine or acetone
cyanohydrin gave rise to 3-acetyl, 3-propanoyl, aBgbentanoyl derivatives of thiotetroniacid. The
reaction of 3-acylthiotetronic acids with diazomethane afforded enol methyl ethers at the endocyclic keto
groups. Thesubsequent reaction of these enol ethers withlamine, benzylamine, ang-anisidine occurs
along the mechanism of vinylog substitution providing the corresponding endocyclic enderiivatives.

Unlike widely spread in nature and already thiotetronic acid ip) consisted in reaction of chloride
thoroughly studied tetronic [1] and tetramic [2] acidsof Sacetylthioglycolic acidl{a) with sodium salts of
and their versatile synthetic derivatives the interest tahe corresponding ethyl acetoacetdtéa() or diethyl
the chemistry and biological activity of kB5H)-tetra- malonate iIb ) followed by cyclization of inter-
hydrothiophene-2,4-dione (thiotetronic acid) deriv-mediate compountV under alkaline conditions. This
atives is not so pronounced. TBeacyl derivatives of method turned out to be weleproducible, simple
the thiotetronic acid that attracted our attention are n@nd efficient way of building up theaing of the
exclusion in thisrespect. Among compounds of this 2 4-tetrahydrothiophenedione.
series were found substances with immunosuppres- . .
sive [3], antiphlogistic[4], herbicide [5] properties. The decarboxylation of diketo estéb occurred
Enamino derivatives at exocyclic carbonyl group ofunder mild conditions and furnished in 70% yield
3-acetylthiotetronic acid showed antitumor activity thiotetronic acid ¥a) identical in physical properties
[6]. Since we found no publications on synthesis and0 the described compound [3, 8]. Using in the above
biological activity of enamino derivatives at endo- Procedure S-acetyl-2-mercapotopropionyl — chloride
cyclic keto groups of 3-acylthiotetronic acids and (llb) we succeeded in preparation of 5-methyl deriva-
since no general and efficient procedures existed fofives of thiotetronic acidc (yield 18%) andld (yield
introduction of acyl substituents into tieposition of ~ 65%). Decarboxylation of the latter substance in 70%
the tetrahydrothiophene-2,4-dione we undertook aiffifluoroacetic acid afforded 5-methylthiotetronic acid
attempt to solve these problems basing on our exper(Vb) with the same physical characteristics as the
ence in the field of thechemistry of 2-acylcyclo- compound described irf9].

alkane-1,3-dioneg7]. Acylation of diketonesva, b with acetyl chloride

The described procedure [3, 8] for preparation ofin the presence of triethylamine gaxise to mixtures
3-acetylthiotetronic acidl4) and 3-ethoxycarbonyl- of O-acyl derivatives at different keto groups of the
dicarbonyl system f the 2,4-thiophenedione in agree-

SCPMe  COR’ MeCOS COR’ ment with the published dati]. The obtained mix-
RI—C\H + NaCl — HC-CO-CH tures of enol acylates were without isolation subjected
cocl1 COOEt R' COOEt  to isomerization into 3-acetyl derivatives by treating
a. b IIa. b v with' 4-dimethylaminopyridine or acetone cyano-
’ ’ hydrin. These catalysts we previously applied to the
0O O 0 synthesis off3-triketones of cyclohexane serig¢$0].
_ _ At the use of both catalysts the target compounds
OH S R CHRCOOHTHO - g ] la, ¢ were isolated in 4045% vyield (Table 1). The
. o Boiling R! o compounds were identical to the samples we had
R Ta—d Va. b obtained by the above mentionegrocedure. By
’ applying propionyl and valeryl chlorides for acylation
R'= H (a), Me (b-d); R° = Me (a, ¢), OEt (b, d). of diketonesVa, b we obtained 3-propanoyl and
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SYNTHESIS OF ENDOCYCLIC ENOL METHYL ETHERS 1479

Table 1. Yields, melting points, and elementahalyses of 3-acylthiotetronic acida, c, e-g obtained by acylation,
and endocyclic methyl ether¥lla, Vllia

. o Found, % Calculated, %
Compd. | Yield, % mp, °C Formula
no. (method) (solvent) C H s C H s
la 45 (@), 87-88 45.65 3.92 20.01 CH:O,S 45.56 3.82 | 20.27
40 (b) (ethanol)
Ic 43 (@), 35-36 48.96 4.80 18.77 C,H0,S 48.82 4,68 | 18.62
38 () (subl.)
le 41 (@), 105-108 48.78 4.82 18.44 C,H;0,S 48.82 4,68 | 18.62
46 () (etherhexane)
If 36 (b) Oily 53.62 6.15 16.31 C,H,,0,S 53.98 6.04 | 16.01
substance
Ig 38 (b) Oily 56.32 6.88 15.05 C,oH.40,S | 56.05 6.59 | 14.96
substance
Vila 9.2 132-136 49.12 5.22 18.01 C,H0,S 48.82 4,68 | 18.62
(ether)
Villa 46 73-76 49.04 4.99 18.45 C,H0,S 48.82 4,68 | 18.62
(ether)

3-pentanoyl derivativese-g with spectral character- tautomers due to enolization of the carbonyl in the
istics that correlated with those of compourids ¢ acyl side chain [711]; however the spectradentific-
and were in agreement with the presunsédictures. ation of the exo and endo enolized tautomeric forms
According to'H NMR spectra compounds, ¢, eg  of the cyclicB-triketones is still a debatepic.

are fully enolized. H
0} IO
§ \:\( R
R 0

O O
(1) R*COCI, Et;N, MeCN, 20°C S R
O O
(2) Me,NCH /N, toluene, 20°C
or Me,C(OH)CN, MeCN, 20°C S R? R 0
Va, b I
R' 0
Ia,c,e-g
O NHR’ D

H,NR’ SN R2

-

R! 0 The reaction of triketonesa, ¢, e-g with allyl-
amine, benzylamine, ang-anisidine as expected [7]
Via—g proceeded at the carbonyl group of the acyl side chain
1_ S R2— affording enamlnodlketoneS/Ia -g (yield 75-90%)
:éuR(f g)H \(/6} E’loz’ MHe ((;,_é}) ’eR1) mg (é’ Cé)’.Ethz(?’ (Table 2). In thelH NMR spectra of the latter same
Me (é—d)', Et ©, Bu . g); Re= All (a, d—é), BU ©), as in the spectra of the initial triketones was observed

a double set of signals due to the presence of two

4-MeOGH, (). chelate enaminodicarbonfdrmsVIA, VIB .

As with the other asymmetricaB-triketones in 0 R O_,H\NRg
their 'H NMR spectra appears a double set of signals |
from the proton-containing groups with the ratio of S Z>NR? SN R?
integral intensities from 1:3 to 1:8 corresponding to <~ H -
tautomeric forms A and B. It should be noted that for R' 0 R! o
such compounds are taken into account two additional VIA VIB
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1480 BUDNIKOVA, RUBINOV

Table 2. Yields, melting points, and elementahalyses of exocyclic enaminodiketonés —g

o Found, % Calculated, %
Compd. Yield, % mpl, c Formula
no. (solvent) C H N s C H N S
Via 86 66-67 54.33(4.67 |6.98 | 15.90| C,H;;NO,S 54.8015.62 (7.10 |16.25
(ether)
Vib 80 117-118 63.72(5.50 |5.21 | 13.08| C,;;H;;NO,S 63.14|5.30 [5.66 |12.96
(ether)
Vic 75 136-138 58.78 [4.65 |5.20 | 12.01| C;;H;;NO.S 59.3014.98 [5.32 |12.18
(ether)
Vid 78 152-154 57.00(6.03 |6.33 | 15.66| C,,H;3NO,S 56.85|6.20 [6.63 |15.18
(etherhexane)
Vlie 90 Oily 56.88(6.45 |7.01 | 15.04| C,,H;;NO,S 56.85|6.20 [6.63 |15.18
substance
VIf 87 45 47 60.96 [7.02 |6.15 | 13.22| C,,H;;NO,S 60.22|7.16 [5.85 |13.40
(heptane)
Vig 85 Oily 61.03(7.98 |5.06 | 12.18| C,;;H;(NO,S 61.63|7.56 [5.53 |12.66
substance

Table 3. Yields, meltingpoints (from ethyl acetatdeptane), and elementahalyses of endocyclic enaminodiketones
IXa-c, Xa-g, Xl

Found, % Calculated, %
Compd- Yield, % mp, °C Formula
no. C H | N s C H | N| S
IXa 76 100-101 55.04| 5.47 | 6.99| 15.78 C,H,;;NO,S 54.80| 5.62| 7.10| 16.25
IXb 80 Oily 58.42| 5.24| 5.06| 12.00 CHsNOSS 59.30| 4.98| 5.32| 12.18
substance
IXc 10 Oily 56.66| 6.01| 6.81| 15.54 C,oH1sNO,S 56.85| 6.20| 6.63| 15.18
substance
Xa 87 96-98 55.17| 5.56| 6.97 | 15.55 C,H,;;NO,S 54.80| 5.62| 7.10| 16.25
Xb 84 120-121 63.22| 5.15| 5.09| 12.76 CsHsNO,S 63.14| 5.30| 5.66| 12.96
Xc 90 126-128 59.44| 5.27| 5.31| 12.12 CHsNOSS 59.30| 4.98| 5.32| 12.18
Xd 60 Oily 57.09| 6.52| 6.15| 15.76 C,oH1sNO,S 56.85| 6.20| 6.63| 15.18
substance
Xe 45 Oily 56.48| 6.57| 6.65| 15.27 C,oH1sNO,S 56.85| 6.20| 6.63| 15.18
substance
Xf 42 35-37 60.12| 7.06| 5.91| 13.03 C,,H;sNO,S 60.22| 7.16| 5.85| 13.40
Xg 33 Oily 61.71| 7.08| 5.47| 12.86 CsHoNO,S 61.63| 7.56| 5.53| 12.66
substance
XI 71°, 136-137 56.60| 6.47| 6.16 | 15.57 C,oH1sNO,S 56.85| 6.20| 6.63| 15.18
85

2 Solventheptane? Frommethyl etherXlll . © From methyl etheVllla .

It is known [7] that reacting with amines enol for preparation of methyl ethers of 3-acylthiotetronic
methyl ethers ofi-triketones provides a possibility to acids. Atempted alkylation of compoundsa, f
change the direction of attack and to obtémough sodium salts with methyl iodide, dimethyl sulfate, or
1,4-vinylog substitution the enamino derivatives at therimethyloxonium fluoborate from the reaction mix-
ring carbonylgroup. Wecarried out various attempts tures only the initial compounds werecovered.
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3-acyltetronic acidda, e, f. In the spectrum of the
prevailing tautomer B the protons at5cappear at
R2 4.03 ppmwhereas those in the spectrum of A tauto-

OMcO O O
CH,N,, ether  gxy R2 S
+

Ia, c,d-g | mer are located aB.78-3.80 ppm. Unfortunately
R O R OMe failed the attempt to confirm the structure of regio-
VIIa, b, VIlla-e isomeric enol ether¥lla and Vllla by differential
s . spectroscopy of nuclear Overhauser effect.
H,NR HNR The reaction with allylamine ang-anisidine of the
NHRD o isolated in pure form methyl ethers of 3-acetyltetronic
acid (Vlla, Vllla) proceeded cleanly atroom
§R R2 g Rr2 temperature and afforded &ach case theorrespond-
- | ing endocyclic enaminodiketondXa, b, Xa, c) in
R' 0 R' NHR® high yield (Table 3). Unlike that in reactions with
IXa—c Xa-g allylamine of methyl ethers from triketonds, e-g
VIl, VI, R*= H (a, c, d, Me (b, &); R°= Me (a, that were brought into the reaction in situ we
b), Et (c), Bu (d, e);IX, R'= H (a, b), Me (c); R° = succeeded in separation and were able to characterize
Me (a-c), R*= All (a, ¢), 4-MeOGH, (b); X, R'=H both regioisomeric enaminodiketonie&c, Xd origin-
(a-c, ef), Me (d, ¢g); R*® = Me (a-d), Et (e, ating only from triketonelc. From the other tri-
Bu (f, g); R®*= All (a, d-g), Bn (b), 4-MeOGH, (c). ketones we obtained only enaminodiketones >of

type. This isapparently due to the especially low

The target productd/lla, b, Villa -e were de- stability of 2-methoxy derivatives from triketones
tected by TLC only at treating triketonda, c, e-g le-g. The spectral characteristics of compounds
with ether solution of diazomethane. However com-obtainediXa-c, Xa-h are in full agreement with the
poundsVllb, VIlb -ewere so unstable that we failed assumedstructure. In thelH NMR spectra are re-
to isolate their samples for analysis. Therefore thdained all the proton signalsom the principal struc-
ether solutions of compounddib, VlIilb -e obtained tural fragments of the molecule, disappear the
by treating with diazomethane immediately weremethoxy group signals, and appear the proton signals
reacted with amines. Wesuccessfully isolated and from the introduced amingroups.Therewith in all
characterized by spectral methods only regioisomerigpectra is observed a broadened proton signal from
methyl ethers of 3-acetylthiotetronic acilla and NH group in the 1812 ppm region. In the IRpectra
Villa (Table 1). In the™ NMR spectra of ethers of enaminodiketonesXa-c, Xa-g the absorption
Vlla and Villa is lacking the enol proton signal at bands of the NH bond appear in the region 3100
16.00 ppmcharacteristic of the totally enolized initial 3300 cm”, of enaminoketone moiety at 1471600
p-triketone la, and appears a three-proton signal(C=C) and1590-1630 cm (C=0), and of acon-
from methoxy group ad.13 and 4.29 ppmespective- jugated carbonyl group at 16885675 cm-.

ly. In the IR spectra of compoundélla and Vilia Since the'H NMR data permitted us only indirect
are observed absorption bands frosonjugated assignment of structure to regioisomeric enaminodi-
carbonyl groups al650,1675 and1670,1685 cm~  ketonesIX, X we attempted to prepare endocyclic

respectively. The analysis ofH NMR spectra of enaminodiketoneX! along two differentroutes: by
regioisomeric methyl ethers of 3-halosubstituted

thiotetronic acids [12] revealed that the methoxyvinyl (j O O
group caused astronger downfield shift of the signal N

from the neighboring &methylene protons than a ViIIa —8 8 |]
carbonyl group. Thus the methylene protons signal N

in the 2-methoxy derivatives is usually observed at Q
3.65-3.85 ppmwhereas in the 4-methoxy derivatives X1
these signals appear 8t90-4.06 ppm. In ourcase 0
the chemical shifts of theing methylene protons are /j Q
located at3.78 ppm incompoundVila and 4.07 ppm AcCl S: ]I E s: ]

in compounadVllla well consistent with the datimom Me,NC,H,N N |

[12]. A similar correlation isalso observed for the  oene | Q OMe
chemical shifts of &methylene protons in the

'H NMR spectra of the tautomeric A,B forms of X1 X1
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direct reaction of methyl ethérllla with pyrrolidine  chloroform wasadded 0.8 m(5.5 mmol) of triethyl-
and by independent synthesisom enaminoketone amine and 5.3 mmol of an appropriate acylloride.
Xl through its acylation with acetyl chloride in the The mixture was stirred at room temperature till the
presence of 4-dimethylaminopyridine. disappearance of the initial diketon@LC, eluent

Enaminoketonexil was obtained by reaction of etherhexane, 2:1). Then the mixture was acidified

methyl etherxill with pyrrolidine and by its physical With 10 ml of 2'N hydrochloricacid, washed with
constants corresponded to the substance described i€l Saturated water solution of sodium hydrogen
[13]. Both at amination of methyetherVilla with ~ carbonate, ~dried with magnesium sulfate, and
pyrrolidine and at acetylation of the pyrrolidine €vaPorated in a vacuum. The residue was the
enaminoketoneXIl formed the samecompound, O-acylated derivative of compoundéa, b.
enaminodiketoneX| evidencing that the structures (a) The O-acyl derivative obtained was dissolved
were correctly assigned proceeding frotH NMR  in 50 ml of toluene0.61 g (7.5mmol) of 4-dimethyl-
spectra. aminopyridine was added, and the mixture weft
standing at room temperature fordays. Then the

EXPERIMENTAL reaction mixture was treated with saturated water

IR spectra were recorded on UR-20 instrumentolution of sodium carbonate (85 ml), the water
from KBr pellets (with solid compounds) or thin films fractions were combined, washed wittoluene,
(with liquids). *H NMR spectra were registered on acidified to pH~2 with 5% hydrochloricacid, the
spectrometer Bruker AT-200 inCDCl,;, internal reaction product was extracted into toluene 20 ml).
referenceTMS. The melting points were measured The combined organic solutions were dried with
on the Bddius heatingblock. The reactions progress sodium sulfate and evaporated onotary evaporator.
was monitored and the purity of compounds obtained he residue was crystallized from methanol or from
was checked by TLC on Silufol UV-254 or Alufol a mixture ethyl acetatehexane.

UV-254 ‘plates, development under UV irradiation ) 5_acyl derivative was dissolved in 50 ml of
followed by spraying with a solution of iron(lll) ,cetonitrile, and thereto wasadded 1.4 ml
chloride. Forcolumn chromatography was used S"'Ca(lo.lmmol) of triethylamine an®.01 ml of acetone
gel 5-40 mesh (elutriated), 4000 mesh (Chemapol), o anohydrin, The reaction mixture was left overnight

40-60 mesh (Kieselgel 60Merck), and neutral 5 \5om temperaturehen the acetonitrile was distill-
alumina (Il grade Brockmann activity). ed off under reducegressure, theesidue was dis-
3-Acetyl-(3H,5H)-tetrahydrothiophene-2,4-dione solved in toluene and purified by conversion into a
(la), 3-ethoxycarbonyl-(Bl,5H)-tetrahydrothio- sodium salt as described undar Yields, melting
phene-2,4-dione Ilj), 3-acetyl-5-methyl-(B,5H)- points, andelemental analyses of the obtainédt
tetrahydrothiophene-2,4-dionelc], and 3-ethoxy- ketoneda, c, e-gare given in Table 1.
carbonyl-5-methyl-(Bl,5H)-tetrahydrothiophene-2,4- 3 _»¢ety) (34, 5H)-tetrahydrothiophene-2, 4-dione
dione (d) were prepared by the known procedure la). IR spectrum,, cnrt: 1700, 1675, 1630, 1585.
[3, 8]. The characteristics of the compounds obtaineéH NMR spectrur’n’é‘) ppm: 2 58 s (éH Clg:CO)
were consistent with those published in [3:98 4 o s (2H, CHS), ié.OOs (1H OH). ' ’
(3H,5H)-Tetrahydrothiophene-2,4-dione ~ (Va) 3-Acetyl-5-methyl-(3H,5H)-tetrahydrothiophene-
and  5-methyl-(3H,5H)-tetrahydrothiophene-2,4- A-dione (Ic). IR spectrum,v, cnit: 1710, 1630
dione (Vb). A solution of 1 g (5.32 mmol) of ’1590 1y NMR spectrum 6 m'. 168 m (3H’
3-ethoxycarbonylthiotetronic acidib() in 40 ml of CH S') 260 s (?I?H CI—C’O’) pfl’ 0'2_4 -18 m (1H’
70% trifluoroacetic acid was boiled for-80 h CH3SCi_%)'15 805(1’H C3)H) T ' ’
(monitoring by TLC). After the end of the process = S ' '
the reaction mixture was evaporated. The oily residue 3-Propanoyl-(3H,5H)-tetrahydrothiophene-2,4-
was subjected to chromatography on silica gel (eluerdione (le). IR spectrum,, cnm™: 1700, 1670, 1640,
ether). Weobtained0.57 g (92%) ofcrystalline com- 1595, 1435, 1400'H NMR spectrumy, ppm: 1.22 t
poundVa, mp 124127C (mp 115116°C [8]). In  (3H, CH,CH,, J 7.0 Hz), 3.00 g (3H, CKCH,CO,
the same wayrom 1g (4.95mmol) of compoundd J7.0 Hz), 4.02 s (2H, CkB), 16.00 s (1H, OH).
was obtained®.61 g (95%)5-methyl-substituted com- 3-Pentanoyl-2,4-(31,5H)-tetrahydrothiophene-

pound Vb is yellow oily substance. 2,4-dione (If). IR spectrum,v, cm%: 1700, 1640-
Acylation of thiotetronic acids Va and Vb. Toa 1620, 1580, 1475, 1440, 1408 NMR spectrum,
solution of 5 mmol of diketon&/a or Vb in 30 ml of &, ppm: 0.93 t (3H, CHCH,, J 7.0 Hz), 1.38 m
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(2H, CH,CH,), 1.64 m (2H, CHCH,CH,), 2.94 t
(2H, CH,CO, J 7.0 Hz), 3.97 s (2H, CkB),
16.00 s (1H, OH).

5-Methyl-3-pentanoyl-(3H,5H)-tetrahydrothio-

phene2,4-dione (Ig).IR spectrum,v, cm: 1720-
1700, 1630-1600, 1590-1580, 1470.H NMR
spectrum,s, ppm: 0.95 t (3H, CHCH,, J 7.0 Hz),
1.20 m (2H, CHCH,), 1.62 m (2H, CHCH,CH,),
1.70 d (3H, CHS, J 6.5 Hz), 2.98 t (2H, CBCO, J
7.0 Hz), 4.18 q (1H, C8CH,;, J 6.5 Hz), 14.00 s
(1H, OH).

Exocyclic enaminodiketones Vlag. To a solu-
tion of 3 mmol of compounda, c, e-g in 50 ml of
benzene was addeld5-fold excess of an appropriate
amine, and the mixture wdsoiled for 30 min and left
overnight at room temperature. Thsolvent and
excess amine were removed invacuum, and the

residue was purified by column chromatography o

alumina (eluent ethyl acetateexanechloroform).

ENOL METHYL ETHERS 1483

3-[1-(Allylamino)propylidene]-(3H,5H)tetra-
hydrothiophene-2,4-dione (Vle). IR spectrum,v,
cm 't 2960, 2940, 2860, 1675, 1605, 15681 NMR
spectrum,d, ppm: 0.95 t (3H, CH, J 7.2 Hz),
3.03 q (2H, CHCH,, J 7.2 Hz), 3.65 s and 3.74 s
(2H, CH,S), 4.15 t (2H, NCH, J 6.0 Hz), 5.28
5.34 s (2H, CH=), 5.90 s (1H,CH=), 11.40br.s
and 12.23br.s (1H, NH).

3-[1-(Allylamino)pentylidene]-(3H, 5H)tetra-
hydrothiophene-2,4-dione (VIf). IR spectrum, v,
cm 't 2970, 2940, 2880, 1675, 1610, 156681 NMR
spectrum,§, ppm: 0.97 t (3H, CHCH,, J 7.2 Hz),
1.50 s (4H, CHCH,CH,), 3.67 s and 3.74 s (2H,
CH,S), 4.15 t (2H, NCH, J 6.0 Hz), 5.27 d J
6.5 Hz) and 5.37 s (2H, Cj#), 5.92 m (1H,CH=),
11.40 br.s and12.22 br.s (1H, NH).

3-[1-(Allylamino)pentylidene]-5-methyl(3H,5H)-

rietrahydrothiophene-2,4-dione (VIg). IR spectrum,

v, cmt 3250-3200, 1670, 1600, 1500'H NMR

Yields, melting points, andelemental analyses of SPectrumg, ppm: 0.96 t (3H, CRCH,, J 7.2 Hz),

enaminodiketones obtained are presented in Table

3-[1-(Allylamino)ethylidene]-(3H,5H)-tetrahydro-
thiophene-2,4-dione (Vla). IR spectrum,v, cm L
2930, 1650, 1610, 1596H NMR spectrumgp, ppm:
2.58 s (3H, CH), 3.68 s and 3.74 s (2H, CB9),
4.08 t (2H, NCH, J 6.0 Hz), 5.12 m (2H, CkF),
5.90 - (1H,CH=), 11.44br.s and12.24br.s (1H,
NH).

3-[1-(Benzylamino)ethylidene]-(3,5H)-tetra-
hydrothiophene-2,4-dione (VIb). IR spectrum,v,
cm: 3200, 1670, 1650, 1600, 1570H NMR
spectrum,s, ppm: 2.62 s (3H, Ch), 3.68 s and
3.74 s (2H, CHS), 4.66 t (2H, NCH, J 6.0 Hz),
7.28 m (2H arom), 7.39 m (3H arom), 11lr.s
(1H, NH).

3-[1-(4-Methoxyphenylamino)ethylidene]-
(3H,5H)-tetrahydrothiophene-2,4-dione (VIc).
IR spectrumy, cnit: 3100-2850, 1670, 1610, 1590.
'H NMR spectrum,§, ppm: 2.51 s (3H, CH),
3.75 s and 3.84 s (2H, Cj8), 3.88 s (3H, OMe),
6.90 d (2H arom,J 7.2 Hz), 7.12 d (3H arom]
7.0 Hz), 12.70br.s and13.50 br.s (1H, NH).

3-[1-(Allylamino)ethylidene]-5-methyl(3H,5H)-
tetrahydrothiophene-2,4-dione (VId). IR spectrum,
v, el 3200, 1665, 1605'H NMR spectrum,3,
ppm: 1.60 m (3H, CHCHS), 2.60 s (3H,_CECNH),
3.90 m (1H, CHS), 4.10 m (2H_CjH), 5.30 m
(2H, CH,=), 5.90 m (1H,CH=), 11.50 br.s and
12.25 br.s (1H, NH).

.52 m (4H, CHCH,CH,), 1.58 d ¢ 6.5 Hz) and
.60 d (0 6.5 Hz) (3H, SCHCH), 3.85 q ( 6.5 Hz)
and 3.95 q16.5 Hz) (1H, CHS), 4.09 t (2H, NCH
J 6.0 Hz), 5.36 5.35 m (2H, CH=), 5.88 m (1H,
CH=), 11.44 br.s and12.22 br.s (1H, NH).

Enol methyl ethers Vlla, Villa. In 100 ml of
ethyl ether was dissolge5 g (31.6mmol) of 3-acetyl-
thiotetronic acid i@a), the solution was cooled t6°G,
and at continuoustirring wasadded an ether solution
of diazomethane till TLC showed complete dis-
appearance of the initiatriketone. The ether was
distilled off, the residue was diluted with benzene.
The precipitated yellow solid that rapidly turned dark
in air was separated, andlashed with ether on the
filter. We obtained 0.5 g of 2-methoxy derivative
Vila. The organic solution was evaporated, and the
residue was crystallized from ether to afford 2.5 g of
yellow crystals of 4-methoxy derivativeVilla .
Yields, melting points, andelemental analyses of
ethers obtained are given in Table 1.

3-Acetyl-2-methoxy-(3H)-dihydrothiophene-4-
one (Vlla). IR spectrum,y, cmk: 1650, 1610, 1490,
1445.'H NMR spectrum3, ppm: 2.46 s (3H, Ch),
3.78 s (2H, CH), 4.29 s (3H, CHO).

3-Acetyl-4-methoxy-(84)-dihydrothiophene-2-
one (VIlla). IR spectrum,v, cml: 1685, 1635,
1570, 1450, 1400'H NMR spectrum§g, ppm: 2.47 s
(3H, CHy), 4.07 s (2H, CH), 4.13 s (3H, CHO).

Endocyclic enaminodiketones 1Xac, Xa-g. To
a solution of 0.1 g0.58 mmol) of methyl etheVlla
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or Villa in 30 ml of benzene was addetl5-fold 3.98 s (2H, CHS), 4.60 d (2H, NCH, J 6.0 Hz),
excesg0.87 mmol) of an appropriate amine, and the7.20-7.45 m (5H, GH;), 11.28br.s (1H, NH).
mixture was left overnight atoom temperature. The
benzene solution was washed with 10 ml of 5% hydr
chloric acid andwater, driedwith sodium sulfate.
The benzene was distilled off in &acuum, the
residue was crystallized from ethycetateheptane
mixture. Thus were obtained enaminodiketones

IXa, b, Xa-c.
L 4-Allylamino-3-acetyl-5-methyl-(5H)dihydrothio-
Enaminodiketones from cor_npoundis e-g were hene-2-on&(Xd). IR spectrumy, cm‘}: 3100, 1640,
prepared from the ether solution of the enol methy 1 )
. ; . 1610, 1590, 1520."H NMR spectrum, s, ppm:
ethers mixture obtained by treating along above de3
. ..-1.72 d (3H, CHCHS, J 6.5 Hz), 2.52 s (3H, CH),
scribed procedure of 1.5 mmol of the appropriate
, : : . 416 t (2H, CHNH, J 6.0 Hz), 4.40 g (1H,
triketone with the ether solution of diazomethane. N
) . , CH;CHS, J 6.5 Hz), 5.255.40 m (2H, CH=),
This ether solution was treated with the 1.5-fo|d596 m (1H, CH=), 11.26 br.s (1H, NH)
excess(1.7 mmol, 2.25 ml) of allylamine, and from ™ ’ ’ ' ' ' '
the reaction mixture were isolated by column 4-Allylamino-3-propanoyl-(5H)-dihydrothioph-

chromatography on alumina (eluent toluene) enaminoene-2-one (Xe). IR spectrum,v, cn*: 3200, 3100,

3-Acetyl-4-(4-methoxyphenylamino)-($)-di-
Oﬁydrothiophene-z-one (Xc).IR spectrum,v, cmk:
3100, 1660, 1625, 1570, 1524 NMR spectrum,
8, ppm: 2.58 s (3H, CK), 3.87 s (3H, OCH), 3.90 s
(2H, CH,S), 6.97 d (2H aromJ 9.0 Hz), 7.17 d
(2H arom,J 9.0 Hz), 12.24br.s (1H, NH).

diketonesI1Xc, Xd-g. Yields, melting points, and
elemental analyses of produd¥a-c, Xa-g are listed
in Table 3.

2-Allylamino-3-acetyl-(3H)-dihydrothiophene-
2-one (IXa). IR spectrum,v, cm®: 3160, 1650,
1595, 1570.'H NMR spectrum,8, ppm: 2.51 s
(3H, CHy), 3.67 s (2H, CHS), 4.04 t (2H, NCH,
J 6.0 Hz), 5.36 m (2H, CkE), 5.90 m (1H,CH=),
11.18 br.s (1H, NH).

3-Acetyl-2-(4-methoxyphenylamino)-(81)-di-
hydrothiophene-2-one(I1Xb). IR spectrum,v, cmk:
3150, 1635, 1620, 1600, 1580, 1520'H NMR
spectrum,d, ppm: 2.58 s (3H, Ch), 3.64 s (2H,
CH,S), 3.86 s (3H, OCk), 7.20 d (2H arom,J
9.0 Hz), 7.28 d (2H aromJ 9.0 Hz), 12.60br.s
(1H, NH).

2-Allylamino-3-acetyl-5-methyl-(3H)-dihydro-
thiophene-2-one (1Xc).IR spectrum,v, cmt: 3200,
1685, 1655, 1620, 1598H NMR spectrumg, ppm:
1.62 d (3H, CHCHS,J 6.5 Hz), 2.51 s (3H, C¥§),
3.80 q (1H, CHCHS,J6.5 Hz), 4.06 t (2H, CHNH,
J 6.0 Hz), 5.255.40 m (2H, CH=), 5.96 m (1H,
CH=), 11.16 br.s (1H, NH).

4-Allylamino-3-acetyl-(5H)-dihydrothiophene-2-
one (Xa). IR spectrum,v, cm: 3195, 1640, 1615,
1580.'H NMR spectrumg, ppm: 2.51 s (3H, CH),
3.98 s (2H, CHS), 4.06 t (2H, NCH, J 6.0 Hz),
5.32 m (2H, CH=), 5.90 m (1H,CH=), 11.00br.s
(1H, NH).

3-Acetyl-4-benzylamino-(31)-dihydrothiophene-
2-one$Xb). IR spectrumy, cm*: 3200, 1660, 1610,
1500."H NMR spectrumg, ppm: 2.50 s (3H, CH),

1685, 1655, 1620, 1598H NMR spectrumg, ppm:
1.12 t (3H, CH, J 7.2 Hz), 2.98 q (2H, CHCHa, J
7.2 Hz), 3.98's (2H, ChB), 4.04 t (2H, NCH, J
6 Hz), 5.255.40 m (2H, CH=), 5.95 m (1H,
CH=), 11.10 br.s (1H, NH).

4-Allylamino-3-pentanoyl-(5H)-dihydrothioph-
ene-2-one(Xf). IR spectrum,v, cm’: 3100, 1675,
1630, 15901H NMR spectrumg, ppm: 0.91 t (3H,
CHsCH,, J 7 Hz), 1.36 m (2H, CHCHy), 1.58 m
(2H, CH,CH,CHy), 2.94 t (2H, CHCO, J 7 Hz),
3.96 s (2H, CHS), 4.04 t (2H, NCH, J 6 Hz),
4.32 q (1H, CHS), 5.30 m and 5.36 m (2H, &1,
591 m (2H,CH=), 11.15 s (1H,NH).

4-Allylamino-5-methyl-3-pentanoyl-(5H)di-
hydrothiophene-2-one (Xg). IR spectrum,v, cm:
3100, 1675, 1625, 1598H NMR spectrumg, ppm:
0.90 t (3H, CHCH,, J 7.2 Hz), 1.35 m (2H,
CH,CHj), 1.56 m (2H, CHCH,CH), 1.67 d (3H,
SCHCH;, J 7.0 Hz), 2.94 t (2H, CEHCO, J 7.2 Hz),
4.09 t (2H, NCH, J 6.0 Hz), 4.32 q (1H, CHS,
J 7.0 Hz), 5.365.36 m (2H, CH=), 5.91 m (2H,
CH=), 11.35 br.s (1H, NH).

3-Acetyl-4-pyrrolidino-(5H)-dihydrothiophene-
2-one (XI). To a solution 0f0.12 g (1mmol) of di-
ketoneVa in 15 ml of 5% hydrogen chloride solution
in methanol was adde@.12 ml (1.1 mmol) of tri-
methyl orthoformate, and the mixture wéept at
room temperature under anhydrous conditions for
48 h (TLC monitoring). Oncompletion of the reac-
tion the solvent was removed in a vacuum, and the
residue was diluted with water (2@l).The methyl
ether was extracted with ethyl ether30 ml), the
extract was washed with 2% solution of sodium
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hydrogen carbonate, and dried with sodium sulfate.
On removing the solvent the residual crude methyl
ether XIlI (0.11 g, yield 85%) was dissolved in 1.
10 ml of pyrrolidine and left standing atoom
temperature for 36 h. Then the reaction mixture was
diluted with hexane and kept at®© for 8 h. Crystal- 2.
line enamineXIl was separated from the solution and
washed with cold ether on thilter. We obtained 3.
0.11 g (80%) ofcompoundXll identical by physical
characteristics to the compound describe{ili3y. 4.

To a solution 0f0.11 g (0.68mmol) of enamine-
ketoneXIl in 50 ml of anhydrous toluene was added
1.6 ml (2 mmol) of acetyl chloride an®.49 g
(2.04 mmol) of dimethylaminopyridine. The mixture
was boiled for 16 h under anhydrous conditions and ™
left overnight atroom temperature. Then the reaction 6
mixture was shaken with 30 ml afater, theorganic '
layer was separatedyashed with 10% hydrochloric
acid, 2% solution of sodium carbonate, and dried
with magnesium sulfate. The solvent was evaporated
in a vacuum, the residue was purified by column
chromatography on alumina (eluent ethyl acetate
hexane). We obtained 0.1 g of 3-acetyl-4-pyrrolidino-
(5H)-dihydrothiophene-2-one X{) as light-yellow
crystals recrystallized from a mixture ethgtetate
heptane. IR spectrumy, cm': 1640, 1600, 1580,
1520, 14801H NMR spectrump, ppm: 2.03 m (4H,
CH,CH,NCH,CH,), 2.51 s (3H, CH), 3.19 t (2H,
NCH,, J 6 Hz), 3.60 t (2H, NCH, J 6 Hz), 3.92 s
(2H, CH,S).

An identical compound was obtained by treating
0.1 g (0.58mmol) of methyl ethewvIlla with 0.1 ml
(2.2 mmol) of pyrrolidine by the procedure for the 12.
synthesis of the endocyclic enaminodiketonéelds,
melting point, andelemental analyses of compound 13.
Xl are given in Table 3.

9.

10.

11.
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