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TRANSFORMATION OF ALKYL ESTERS OF 4-0XO-3-PHENYLTHIOALKANOIC ACIDS
INTO SUBSTITUTED 4-PHENYLTHIO-2(5H)-FURANONES AND 3-PHENYLTHIOFURANS

0. G. Kulinkovich, I. G. Tishchenko, UDC 547.722.2.07:
and Yu. N. Romashin 542.957.2

When the solutions of methyl and ethyl esters of 4-oxo-3-phenylthioalkanoic
acids are boiled in toluene in the presence of p-toluene sulfonic acid, sub-
stituted 4-phenylthio-2(5H)-furanones are formed in good yields. In the re-
action with diisobutylaluminum hydride or organomagnesium compounds, the lat-
ter convert into the corresponding 3-phenylthiofurans.

4-Oxoalkaloic acids are successfully used in the synthesis of compounds in the furan
series [1, 2]. Information on the use of this class of compounds in the synthesis of alkyl-
thio- and aryl-thiofurans and their derivatives, representatives of which have interesting
chemical [3-5] and biological properties [6, 7], is limited to examples of the preparation
of substituted 4-phenylthiotetrahydro~2-furanones [5, 8]. In the present work, conditions
were found for converting esters of 4-oxo-3-phenylthiocalkanoic acids (Ia-i) [9] into substi-
tuted 4-phenylthio-2(5H)-furanones (IIa-i) and 3-phenylthiofurans (IIIa-h).

TABLE 1. Physicochemical Characteristics of Compounds Synthe-

sized
Com-| mp, °C Found, % | gmpirical ?7:10“1“351. Yield
pound| [bp, °CJ - 2pT | 1.°C || formula o
C H . C H
11a 69—70* 64,1 | 50 | CiHp028 64,1 1 49 | 56
b 35—36* 656 | 6,0 [ CiHp028 654 | 55 95
e 15782 | 16 | 66,4 | 62 | CisHi,0.8 666 { 60 | 85
11d [171—172 1,5592 | 17 | 688 | 7.0 | CisHis0:5 687 | 69 94
(2 hPa)
lie 42-—43* 718 | 53 | CHu0.5 | 723 | 50 | 85
Inf 1,5763 | 16 | 655 | 5.6 | CyioHi20:8 654 | 55 85
Ilg ( £1 69—-1 70 15526 | 17 | 667 | 6,1 | C3HuO.S | 666 | 6,0 81
1Th 15528 | 20 | 674 ) 66 | Ci4H ;60,8 677 | 65 80
11i 15506 | 20 | 682 | 7.1 | Ci5H150.S 687 | 69 | 71
Ila 1,5411 17 | 711 | 6.4 | C3H,0S 715 | 65 35
Hib 15917 | 15 | 70,2 | 59 | C,2His0S 705 | 59 | 40
HIc 15547 | 18 | 728 | 7.4 | CisHis0S 731 | 7.4 45
111d 15738 | 17 | 71,0 | 64 | C;3Hu,0S 715 | 65 86
111e 15682 | 17 | 720 | 7.1 | Ci4H;0S 724 | 69 88
11 £ 63—64* 76,9 | 58 | Ci;sHis0S 771 1 57 | 75
i 15478 | 17 | 747 | 80 | CyH»OS 744 | 8.1 82
11 16108 | 15 | 780 | 6,9 | CyH»OS 782 | 6,9 90

*From 2-propanol.

V. I. Lenin Belorussian State University, Minsk 220,080. Translated from Khimiya Geter-:
otsiklicheskikh Soedinenii, Vol. 24, No. 3, pp. 313-316, March, 1988. Original article sub-
mitted September 22, 1986.
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TABLE 2. PMR Spectra of 4-Phenylthio-2(5H)-furanones IIa-i%

Com- Chemical shift, §, ppm (J, Hz).
d

poum 5-H R! R?
I1a 14,15 (1H, q, /=2) [ 4,15 (1H, g, J=2) 1,71 (3H, t, I=2)
b | 4,65 (1H, m J,=2,| 1,20 (3H, d, /=7) 1,71 (3H, d, J=2)

I2=7)

e |44—47 (1H, my {077 (3H, 1, J=7); 1,0—1,6 (2H, m) j 171 (3H,d, /=92)
1nd |44—47 (1HmM) (0,75 (3H,t, J=7); 0,9—L15 (6H,m) | 1,67 (3H.d, /=9)
Ile 5,3—54 (1H.m) |65—7.2 wﬁxn) 1,77 (3H,d, J=29)
1f [47-50 (1H,m) (094 (3H,t. /=7); 1,5—21 (2H,m) |52 (IHM, /=1)
11 47—50 (IH,m) {697 (8H,t, /=7); 1,I—1,9 (4H,m)} 512 (IH, d, /=1)
11 4,7—50 (1H,m) 1091 (3H, t, J=7); 1,1—2,1 (6H,m) |5,12 (1H,d, J=1)
i |47—50 (1H,m) [085 (3H,t, J=6); 1,1—21 (8H,m) 512 (1H, 4, /=1)

*In the IR spectra, the vgo=¢ and vcap bands are observed in
the region of 1630, 1760 ecm™!, respectively, for compounds
Ila-e and 1575, 1760 cm™! for compounds IIf-i. The proton
signals of the phenylthio group appear in the form of multi-
plets in the 7.0-7.6 ppm region.

2(5H)-Furanones IIa-i are formed in yields of 56-957 when solutions of compounds Ia-i
are boiled in toluene in the presence of equimolar amounts of p-toluenesulfonic acid. Cycli-
zation of compounds Ia-e containing a methyl substituent at the a-position to the ester group
proceeds much more rapidly than in the case of compounds If-i. To complete the reaction,

about 1 h is required in the first case, while in the second case the reaction mixture must
be boiled for 24 h.

[} R® R
‘/U\ KKU/OCH; s FESS K R*MgBr or
E - [-Bu,AlH
SPh O R o o
la-i ua-i
PhS R? Me
Ni(Re)
— 1. — I
R o R* Me ] Ph
IHa-h v
1, 11a R!'=H, R2=M R‘-—R2 Me; ¢ R!'=Ef, R?=Me;d R!'=Bu, RZ=Me; e R!=Ph,
R2=Me; f Ri=Et, W g R!=Pr, Rz=H;h R'=Bu, R2=H; i W~Qﬁ.RLH
Il 2 R'=Pr, RZ=Rt=H; b R!=R?=Me, R‘=H; ¢ R'=Bu, R2=Me, R*=H; d R'=R2=

=R‘=Me; e R!=R:=Me, Ri= Et f R'=R?=Me, R*=Ph; g R'=By, R2 Me, R¢=Et;
h Rt=Bu, R?= Me, R*=Ph

Compounds IIb,d,g were converted into 3-phenylthiofurans IIIa-c by the known reaction
with diisobutylaluminum hydride [10, 11]. It is worth noting that compounds IIb,d convert
fairly smoothly into 2,4,5-trisubstituted 3-phenylthiofurans IIId-h also in the reaction with
Grignard reagents.

Thus, although up to the present, there are many publications dealing with methods of
synthesis of substituted 4-phenylthio-2(5H)-furanones [4, 12-14] and 3-phenyl-thiofurans (6,
7, 12, 14}, the approach used in the present work makes available many compounds, which are
difficult to synthesize. An example illustrating the possible use of substituted 3-phenyl-
thiofurans in the synthesis of 2,3,5-trisubstituted furans that are difficult to obtain, is
the preparation of furan IV by desulfurization of compound IIIf by Raney nickel.

EXPERIMENTAL

The PMR spectra of 5-107 solutions of the compounds studied in CCl, were run on a Tesla
BS-467A spectrometer (60 MHz) using HMDS as internal standard. The IR spectra of the com-
pounds were recorded on a Specord 75-IR spectrophotometer. The purity of the compounds ob-
tained was controlled by TLC on aluminum oxide (neutral grade II activity) as well as on sili-

ca gel (development by iodine vapors). The characteristics of the compounds synthesized are
listed in Tables 1-3.
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TABLE 3. PMR Spectra of 3-Phenylthiofurans IIIa-h®

Com- Chemical shift, 3, ppm (J,Hz}
pound

Rl RR R¢

11340,77 (3H, t, J=T7); 10—17(6.13 (1H,d, J=2){7.12 (1H,d, J=2)
(2H, m); 255 (2H, t, J=T7)
1HIb | 2,22 (3H, s) 1,75 (3H,d, /=1){7,03 (1H, q, J=1)
1llc {076 (3H, t, J=6); 09—1,6/1,74 (3H,d,J=1)|6,98 (IH, q, J=1)
(4H,m:); 2,55 (2H, t, J=T7)

1d | 2,17 (3H, s) 1,65 (3H, s) 2,08 (3H, s)
111e | 2,23 (3H, s) 1,71 (3H, s) 1,12 (3H, t, J=7); 243 {2H,
q J=7)
11Tf | 2,33 (3H,5) 207 (3H,s) 6,6—75 {5H,m)
HIg {976 (3H, t, /=6); 1,0—L7|1,67 (3H,s) 1,09 (3H, t, J=7); 22—27
(4H,m); 2.2—-2,7 (2H, m) (2H,m)

IITh [0,80 (3H, t, J=6); 1,0—1,712,06 (3H,s) 6.6—7.5 (5H.m)
(4H, m); 266 (2H, t, J=7)

*The signals of the phenylthio group protons appear in the form
of multiplets in the 6.6-7.1 ppm region. In the IR spectra of
compounds IITa-h, the absorption of the furan ring is observed
in the 1585 cm™! region.

4-Phenylthio-2(5H)-furanones (IIa-i). A mixture of 100 mmoles of compound Ia~i [9] and
19 g of p-toluenesulfonic acid monohydrate in 300 ml of toluene was boiled with a Dean—Stark
adapter for 1 h (esters Ia-e) or for 24 h (esters If-i). A 100 ml portion of water was added
to the reaction mixture, the organic layer was separated, and the aqueous layer was extracted
by ether. The organic layers were combined, washed with a saturated solution of sodium chlo-
ride, and were fractionally distilled in vacuo to yield compounds IIa,b,d,e,g. Compounds
ITIc¢,f,h,i were isolated by chromatography on a column with silica gel, using a 2:1 hexane-—
ether mixture as eluent.

2-Propyl-, 2,4-Dimethyl-, 2-Butyl-4-methyl-3-phenvlthiofuran (IIIa-c). A solution of
15 mmoles of diisobutylaluminum hydride in 30 ml of petroleum ether was added dropwise, with
stirring, to a solution of 6 mmoles of 2(5H)-furanone IIb,d,g in 3 ml of absolute ether, while
the temperature was maintained by cooling at 20-22°C. The mixture was stirred for 20 more
min, and then decomposed by 5% hydrochloric acid (15 ml). The organic layer was separated,
and the aqueous layer was extracted by ether (3 x 5 ml). The combined extracts were washed
with a saturated aqueous solution of sodium chloride, and dried over anhydrous sodium sul-
fate. The solvent was distilled, the residue was chromatographed on a column with silica
gel, using a 2:1 hexane—ether mixture as eluent.

2,4,5-Trisubstituted 3-Phenylthiofurans (IIId-h). A solution of 4 mmoles of 4-phenyl-
thio-2(5H)-furanone IIb,d in an equal volume of ether was added in the course of 2 min, with
stirring, to alkyl(aryl)magnesium bromide, obtained from 12 mmoles of Mg and 12 mmoles of
alkyl(aryl) bromide, in 4 ml of absolute ether. The mixture was stirred for 20 more min, and
then hydrolyzed by 57 hydrochloric acid (10 ml). The organic layer was separated, and the
aqueous layer was extracted by ether (3 x 5 ml). The combined ether extracts were washed
with a saturated aqueous solution of sodium chloride and sodium bicarbonate, and dried over
anhydrous sodium sulfate. The solvent was distilled, and the residue was chromatographed
on a column with silica gel, using hexane as eluent.

3,5-Dimethyl-2-phenylfuran (IV) was obtained by reduction of 1 g (3.6 mmoles) of 3-phen-
ylthiofuran (IIIf) over Raney nickel (4 g) with boiling the reaction mixture in 20 ml of iso-
propanol. Compound IV was isolated by column chromatography on silica gel in the form of an
oily liquid. Yield 0.37 g (60Z), np'® 1.5868. PMR spectrum, §: 2.10 (3H, d, J = 1 Hz, CHj);
2.20 (3H, d, J = 1 Hz, CH3); 5.70 (1H, br. s, CH); 6.6-7.5 ppm (5H, m, C;Hg). Found, %: C
83.2, H 7.1%Z. C,,H,;,0. Calculated, %: C 83.7, H 7.0%.
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SYNTHESIS OF DERIVATIVES OF 4,5-DIHYDROFURAN, FURAN, AND
HEXAHYDROBENZOFURAN FROM CONJUGATED ALKENYNES®

G. G. Melikyan, A. B. Sargsyan, UDC 547.284.3'315.3'361"
V. S. Giri, R. T. Grigoryan, and 722.3.07:542.954.2
Sh. 0. Badanyan

The regiochemistry of the reaction of 1,2~ and l-substituted derivatives of
l-buten-3-yne and its 4- and 2,4-substituted derivatives of the isoprenoid
type with acetoacetic ester and acetylacetone in the presence of the manga-
nese(III) acetate—copper(II) acetate oxidative system was studied. Deriva-
tives of 4,5-dihydrofuran, furan, and hexahydrobenzofuran were obtained.

The radical reactions of conjugated systems with g-dicarbonyl compounds initiated by -
manganese acetate have recently been the subject of detailed investigation [2-6]. It was
shown that in the case of l-alken-3-ynes the regiochemistry of the process basically depends
on the structure of the substrate. 1-Buten-3-yne reacts nonregioselectively with a,a-dioxo-
alkyl radicals with the commensurable participation of both the double bond and the triple
bond [2, 3], while in the case of 2-, 4-, and 2,4-substituted 1-buten-3-ynes the reaction
proceeds selectively at the double bond [3, 5, 6].

In the present research we studied the regiochemistry of the reaction of conjugated al-
kenynes with acetoacetic ester and acetylacetone in the presence of manganese(III) acetate
using 1,2~ and l-substituted derivatives of l-buten-3-yne, as well as its 4- and 2,4-substi-
tuted derivatives of the isoprenoid type, as the substrates.

Cyclohexenylacetylene was selected as a 1,2-disubstituted derivative of l-buten-3-yne.
Its reaction with acetoacetic ester under the conditions used in the analogous reactions of
l-alken-3-ynes [60-70°C, substrate:Mn(III):addend:Cu(II) molar ratio 1:1:2:0.07] led only to
resinification products, evidently as a consequence of rapid polymerization of the vinyl rad-
ical-adducts formed in the addition of an a-carbethoxyacetonyl radical to the triple bond of
the substrate [3]. The role of copper(II) acetate in this reaction consists in the oxidation

*Communication 137 from the series "Reactions of unsaturated compounds. See [{1] for commu-

nication 136.
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