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Abstract: The 1,3 dipolar cycloadditions of diazomethane and ethyl diazoacetate with differently substituted
5-sulfur-2(5H)-furanones (1-6) are reported. Cycloaddition of diazomethanc occurs in a regio- and
stereospecific manner to give the expected adducts 9-14, in good yield. The cycloaddition with ethyl

diazoacetate occurs also in a regio- and stereospecific manner, but affords the corresponding 2-pyrazolines
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15-19. © 1998 Elsevier Science Ltd. All rights reserved.

1,3-Dipolar cycloaddition reactions are a valuable method for the synthesis of a variety of five-
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extensively investigated, the use of butenolides as dipolarophiles has been limited to a few reports. Some of
5,303

the reported examples include the addition of diazo compounds,” nitrones,” nitrile oxides, arylazides,® and

Some years ago,”" as part of our studies on the reactivity of 5-alkoxy-2(5H)-furanones, we have shown

that these compounds undergo 1,3-dipolar cycloaddition of diazomethane to afford only one regioisomer as a

interesting molecules.

The exchange of the alkoxy group by a sulfur containing group widens the ability as synthons of

5-ethylthiofuran-2(5H)-one was readily converted to its anion, which reacts with a variety of electrophilic

reagents in regiospecific maner.® Moreover, the presence of a thioether or sulfone group at the S-position may
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In a recent paper we h eported the cycloaddition of benzo-, aceto- and bromonitrile oxides to
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oxide affords only one regioisomer as a mixture of the epimeric furotsoxazolines. However, the reaction with

benzo- and bromonitrile oxides affords mixtures of the regio- and stereo-isomer furoisoxazolines.

bearing groups such Et, SPh, SOEt, SOPh, SO,Et and SO,Ph, towards diazo compounds such as

e

diazomethane and ethyl diazoacetate. The reactions have been explored with thioethers, sulfoxides and

aulfonee tn achieve information on the influence of the aroun at S-nosition unon the regin- and
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stereoselectivity of the cycloaddition.

RESULTS AND DISCUSSION

The preparation of 5-ethylthio- and 5-phenylthiofuran-2(SH)-ones ( 1,'° 2 ') and the corresponding
suifoxides 3,2 4" and sulfones 5'2, 6'' used as dipolarophiles has been previously reported by us.

The addition of diazomethane (7) to 2(5H)-furanones is effected by treatment of the corresponding
derivatives of type 1-6 with an excess of ethereal diazomethane at —5°C (Scheme I). The results of these
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adducts 9-14, in essentially quantitative yield. The reaction of furanones 3 and 4, since that are a 1:1 mixture

of diastereoisomers, afford mixtures of diastereoisomeric adducts. The ratio of diastereoisomeric adducts 11,

I\II: é’o 9: Z=SEt
5 CHN, 9 \/')\< 12} Z=SOPh
$ 13: Z=SO,Et
A A HHZ 14: Z=S0,Ph
| o 9-14
~ “\EtO.CCHN,
(M H H O
1- 7=SEt NM 15: Z=SEt
2: 7=SPh N Lo 17 %S0k
3 Z=Soet bt S 18: Z=SO,Ph
5: 7=SO,Et BtO.C H H Z
6: Z=SO,Ph 15-18
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11' (1:1) and 12, 12' (1:1) has been determined by integration of the H-4 proton signal in '"H-NMR spectra.

e

the results previously obtained by us in the corresponding 5-methoxyfuran-2(5H)-ones.” The addition of

furanones 2, 4 and 6 takes place at slower rate than those of furanones 1,3 and 5.

their full characterization by analytical and spectral data. In these cases no traces of spontaneous

decomposition has been observed. In contrast, the adducts from sulfoxide 3 are unstable at room temperature,

-NMR spectra.
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The structure of the adducts was established on the basis of their spectral data. Thus, the presence of

spectra are indicative of the existence of a saturated -lactona and 1-pyrazoline motties.

Table 2. '"H-NMR chemical shifts and coupling constants of adducts 9-14.
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dipolo to the 5-methoxyfuran-2(5H s.3 The cis or trans relationship between H-4 and H-3a protons, and

)-on
consequently the face-selectivity of the cycloaddition, was assigned from the 'H-NMR data (Table 2). A

notant 1. =174 > enaaecte a
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we studied the cycloaddition of furanones 1, 2, 5 and 6 with ethyl diazoacetate (8). The reactions
m

out in dichloromethane at room temperature affording the adducts 15-18 (Scheme 1), and the
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pyrazoline with the ester CO group conjugated with the C=N, in accord with previous results reported for
2(51L1)-f'uranones.3"*3h It should be noted that isomerization to the 2-pyrazoline structure has occurred in the
he
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sulfoxides 3 and 4 failed to afford the expected cycloadducts, presumably due to the easy decomposition of

starting sulfoxides.

Table 3. Cycloaddition of ethyl diazoacetate to 2 (5H)-furanones 1, 2, S and 6

Furanone Z Time Yield % Product
i SEt 20 d° 30 i5
2 SPh 20 d° 30 16
5 SO,Et 15d° 30 17
6 SO,Ph 10d" 35 18

*Time required for a 50% conversion at room temperature.
*Time required for a 80% conversion at room temperature

The structure of 2-pyrazolines in adducts 15-18, was evidence by the presence of bands approximately
2
2

Frmen tha 1 cant
from the H-NMR specira (

ver spectra and

indicate the presence of NH group (broad singlet at 8 7.00 ppm). Moreover the absence of a coupling constant
J3a4 Suggests a trans relationship (exo Z group) between H-4 and H-3a protons.

Tahle 4 'H_NMR chemical shifts and counling constants of adducts 15-18.

e AATINIVAIN ULLIILUAL SIS QLU SULpRiiiy 2 LEL W % <)

Comp. Z NH H-4 H-6a H-3a J6a3a Ja3a
i5 SEt 7.17 597 4.69 4.02 105 -
16 SPh 6.91 6.06 4.15 391 10.6 1.1
17 SO,Et 7.26 5.68 482 4.56 10.7 -
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The exclusive formation of the pyrazolines with the sulfur containing group in exo arrangement,
suggest that the attack of diazo compounds such as diazomethane and ethyl diazoacetate occurs preferentially
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the 2(5H)-furanones plays a significant role, in controlling the regio- and stereoselectivity of the reaction. The

furopyrazolines obtained are useful synthon for the synthesis of new fused heterocyclic systems.

Melting noints were determined with a Kofler hot-stage apparatus and are uncorrected. Microanalvses were
elting pomnts were daetermined th a Kotler hot-stage apparatus and are uncorrected. croanalyses were
narfrrmad with o Haraane analurar madal CHNOoranid TR enactra waere recnrdad on 2 PerkincElmer mandal
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681 grating specirophotometer as nujol mulls, uniess otherwise stated, v values in cm™. 'H-NMR specira were
determined with either a Varian Gemini 200, a Bruker AM-200 or a Varian XL-300 spectrometer, in CDCl;
solution, unless otherwise stated. *C-NMR were determined with either a Varian XL-300 or a Bruker AM-200
in CDCIl; solution, unless otherwise stated. Chemical shifts were reported in ppm (8) downfield from Me,Si.
Mass spectra were determined on a VG-12-250 spectrometer. Silica gel Merck 60 (70-230 mesh) and DC-

alufolien 60F2s4 were used for flash column chromatography and analitical tlc, respectively.

Cycloaddition of Diazomethane (8) to furanones 1-6. General Procedure

To a solution of 2(5H)-furanone 1-6 (1 mmol) in dichlorometane (7 ml) cooled to —5°C, was added a cold ethereal
solution of diazomethane (7) (6 ml, 3 mmol). The reaction mixture was kept at —5°C during the period indicated in
Table 1 for each case. The solvent was removed and the residue was analyzed by '"H-NMR. The crude product was

purified by column chromatography

Exo-4-ethylthio-3H,4H,3a,6a-dihydrofuro[3,4-c]pyrazol-6-one (9). From furanone 1 (95%) as a white solid.

r C_H.  N.N.C- " A8 18§,
| B IS L, 0.1,

H, 5.41; N, 15.04. Found: C, 45.40; H, 5.45; N, 15.31. IR: 1785, 1555. 'H-NMR: 5.58 (dt, 1H, H-6a, Js,3=2.0 Hz,
Jea3a=9.0 Hz); 5.11 (d, 1H, H-4, J43,=4.6 Hz); 4.87-4.83 (m, 2H, H-3); 2.86-2.80 (m, |H, H-3a); 2.79-2.64 (m, 2H,
S-CH.); 1.29 (t, 3H, CHj, J=7.4 Hz). ®C-NMR: 167.3 (C-6); 93.5, 89.1 (C-6a, C-4); 85.1 (C-3); 38.5 (C-3a); 26.1
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Exo-4-phenylthio-3H,4H,3a,6a-dihydrofuro[3,4-c]pyrazol-6.-one (10). From furanone 2 (90%) as a white
solid. (Petroleum ether-ethyl acetate, 3:1). M.p. 100-102°C. Anal. Caled for C;;H;oN20,S: C, 56.41; H, 427; N

11.96. Found: C, 56.40; H, 4.33; N, 11.75. IR: 1770, 1560. "H-NMR: 7.50-7.44 (m, 2H, arom.); 7.37-7.29 (m, 3H,
arom.); 532 (dt, 1H, H-6a, Je3.=9.0 Hz, Jea3=2.0 Hz); 5.22 (d, 1H, H-4, J,3,=4.4 Hz); 4.88-4.84 (m, 2H, H-3);
3.00-2.87 (m, 1H, H-3a). *C-NMR: 167.0 (C-6); 133.4, 130.2, 129.4, 129.1 (arom.); 93.3, 90.7 (C-Ga, C-4); 85.2

(C-3); 38.5 (C-32). Ms, m/z: 234 (M, 3); 206; 110; 109; 97 (100); 69; 65; 51; 41.

(8]
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Exo-4-ethylsulfinyl-3H,4H.3a,6a-dihydrofuro|3,4-c]pyrazol-6-one (11). From furanone 3 (69%) as a mixture
_______________ 1 18 b el 1.1 lrr\nm MRACOMN AN\, £ QO 1. 1TT TIT £.. T =0 Y T T —1 A TN

UI Uldhlcfﬂ()lb()"lﬁlb Bl kR 0 LIOC 14tlo 1.1 O=-INIVIN (JIVIDW=-Ug ). .00 {4y, 11, =04, Jea3a—7. 1 IZ, Jea3— 1.4 I'lZ

Jy3=1.4 Hz, 11); 3.34-3.26 (m, 1H, H-3a, 11); 3,05-2.98 (m, 1H, S-
(t, 3H, CH;, J=7.6 Hz, 11). 'H-NMR (DMSO-dg): 5.75 (dg, 1H, }

W YiE ....

11); 5.22 (dd, 1H, H-3, J,en=19.4 Hz, J33,=9.7 Hz, 11); 4.90 (d, 1H, H-4, J43,=1.6 Hz, 11); 4.79 (dq, 1H, H’-3,
C
-6a,

7 PRPEEN rr vy - v

9 (d, 1H, H4, J13.=3.4 Hz, 11%); 4.78 (dq, 1H, H’-3, J33,=3.3 Hz

1H, H-3, J33.=9.7 Hz, Jgem=19.1 Hz, 11'); 4.89
11'); 3.20-3.14 (m, 1H, H-34a, 11"); 2.90-2.80 (m, 2H, S-CH;, 11'); 1.43 (t, 3H, CH;, J=7.6 Hz, 11').

of diastereoisomers 12:12' in the ratio 1:1 (Chloroform-ethyl acetate, 3:1). Adduct 12: (33%) as a white solid. M.p.
115-118°C. Anal. Caled for C;;H;0N;03S: C, 52.80; H, 4.00; N, 11.20. Found: C, 52.84; H, 4.28; N, 10.75. IR:
1780, 1550, 1150, 1090, 1000. "H-NMR (DMSO-de): 7.73-7.62 (m, SH, arom.); 5.75 (dt, 1H, H-6a, Js; 3,=9.5 Hz,
Jews= 1.2 Hz); 5.47 (d, 1H, H-4, J43,=3.3 Hz); 4.52-4.47 (m, 2H, H-3); 3.08-3.02 (m, 1H, H-3a). >C-NMR
(DMSO-ds): 167.7 (C-6); 137.6, 131.8, 129.6, 124.6 (arom.); 97.6, 92.7 (C-6a, C-4), 84.7 (C-3); 28.4 (C-3a). Ms,
m/z: 218 (8); 125; 110; 109; 97 (100); 77; 69; 65; 51; 41. Adduct 12" (32%) as a white solid. M.p. 148-150°C.
Anal. Calcd for C1{H1oN20;S; C, 52.80; H, 4.00; N, 11.20, Found: C, 53.07; H, 4.32; N, 10.97. IR: 1785, 1585,

1nan 1nen 1nin lir A N n
1U2v, 1vov, 1vliv. I~ lVlVll\ \UIVIDU‘%} VAL

, arom.);, 5.86 (dt, 1H, H-6a, Js3=9.4 Hz,
Jgem: . HZ, J &3:9 9 HZ) 4 91 (ddd IH H’-3
-3a). "C-NMR (DMSO-dg): 167.5 (C-6); 139.1

57 (C-S)' 34.4 (C-32). Ms, m/z; 218 (47); 125; 110; 109
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Exo-4-ethylsulfonyl-3H,4H,3a,6a-dihydrofuro[3,4-c]pyrazol-6-one (13). From furanone 5, the adduct was
ienlatad hy filt {ON%/\ ac a usllaw enlid n 1AR_ 17N Anal Calpd fAr C LI N.NAC- T 2Q &2 I AL N
INJIGLNAL U Y LIIL L {7V/0) &S a yvlluw SUIIM. VLY. 1VGT1 7V L. Adlal. Laill UL UT7ILNINGO. .y 30.J0, 11, 4.U04, IN,
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12.84. Found: C, 38.38; H, 4.60; N, 13.00. IR: 1810, 1560, 13 20, 1160, 1140. 'H-NMR: 5.82 (ddd, 1H, H-6a,
Joaz=1.1 Hz, J643:=9.3 Hz, Jou3=1.3 Hz ); 5.21 (ddd, IH, H-3, Juem=19.0 Hz, J3,5=9.8 Hz, Jss5=1.1 Hz); 4.88 (d, 1H,
H-4, J43,=2.3 Hz); 4.92-4.84 (m, 1H, H’-3); 3.50-3.41 (m, 1H, H-3a); 3.17 (q, 2H, S-CH>); 1.44 (t, 3H, CHs, J=7.5

A i AN 17 FES 220,

\

5 A7

N\ ?
11 B amam masen 4 [ A\ OC A AN AA 1 IC OTTN. AN N £ PN, £
rzj. “C-NMR (DMSU-ag {L-4), 05.4(L-3); 44.1 (0-Uny), 30.0 (TU-3a); 5.

Ms, m/z: 218 (M, 24), 97, 69, 53; 41 (100).

NC1£72
J. 107,73 {

-

Exo-4-phenylsulfonyl-3H,4H 3a,6a-dihydrofuro[3,
isolated by filtration (95%) as a yellow solid. M.p. 153-155°C. Anal. Calcd for C1;H;oN204S: C, 49.62; H, 3.76;
N, 10.53. Found C, 49.53; H, 3.92; N, 10.35. IR: 1800, 1585, 1565, 1320, 1165. "H-NMR (DMSO-dg): 7.92-7.84
(m, 3H, arom.); 7.77-7.72 (m, 2H, arom.); 6.03 (dt, 1H, H-6a, Js3.=9.5 Hz, Jsa3=1.3 Hz); 5.84 (d, 1H, H-4,

J43.=2.4 Hz); 5.19 (dd, 1H, H-3, Jgm=18.9 Hz, J33,=9.6 Hz); 5.03 (ddd, 1H, H’-3, Jgen=18.9 Hz, J33,=2.5 Hz,

4-clnvrazol-6-one (14) From
1K°J \ 7
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Jea3=1.3 Hz); 3.50-3.34 (m, 1H, H-3a). "C-NMR (DMSO-de): 167.4 (C-6); 135.5, 134.8, 130.1, 129.3 (arom.),
924,91 .8 (C-6a, C-4); 85.6 (C-3); 31 3 (C-32). Ms, m/z: 266 (W 0.5); 97 (100); 77, 69; 51; 41.

Cycloaddition of Ethyl Diazoacetate (8) to furanones 1, 2, 5, 6. General Procedure

To a solution of 2(5H)-furanone 1, 2, 5 and 6 (1 mmol) in dichlorometane (3 ml) was added ethyl diazoacetate (8)
(0,2 ml, 2 mmol) and the mixture was allowed to stand at room temperature during the period indicated in Table 3

Iy nrn arn  rrut

for each case. The soiveni was removea the residue was analyzeo Oy H-NMR. The crude pfOGUCl was pUl’lIlCG Dy

column chromatography.
Euvn A A"ll" in_Lathavvearhanel 1 A 2a La_dithvdernfirral A slnvearal 6 ana (18 Fram rannna 1 /20040
LAU-F-Criy lllv‘u CORY CAl DU Y 1= 141y 3 2y 0a,0a~ Gl yGIT1UT V2,7 L P YT RLUrU=0hT \ 15, £ IO 1UMaiione 1 (Sv /o)

as a white solid. (Petroleum ether-ethyl acetate, 3:1). M.p. 110-112°C (toluene/ hexane). Anal. Calcd for
CicH14N204S: C, 46.51; H, 5.43; N, 10.85; §, 12.40. Found: C, 46.80; H, 5.71; N, 10.76; S, 12.34. IR (KBr): 3280,
1790, 1695, 1545. 'H-NMR: 7.17 (s, 1H, NH); 5.97 (s, 1H, H-4); 4.69 (d, 1H, H-6a, Js.3,=10.5 Hz); 4.35-4.28 (m,

ATTY 'aYal sl AN 7' 1LY —_— NEITN-MM0T D TA feme DET C MHIT N 1 28 7+ ALY T—’I[\TT.. 1 24 f& DIT
LII, LUU\.JII.Z} S.UL \ , 1I'L ll"Jd., JGa‘3a - 1 e lLL} & 024, 1 (Hl, LAL, D‘bllz}, 1.00 \L, il JTILV }, 1.0% \I., Jri,
J=7.5 Hz). ®C-NMR: 174.8 (C-6); 161.7 (COOEL); 140.6 (C-3); 86.7 (C-4); 62.3 (COO-CH,-CHs); 61.9 (C-

52.9 (C-3); 26.4 (S-CHy); 15.1, 14.7 (CHs). Ms, m/z: 258 (M : 0‘3); 214, 170, 168; 154; 141,139,125, 113, 111,
95 (100); 83; 69; 55.

[Exo-4-phenylthio-3-ethoxycarbonyl-1H,4H,3a,6a-dihydrofuro[3,4-c]pyrazol-6-one (16). From furanone 2
(30%) as a yellow solid.( Petroleum ether-ethyl acetate, 3:1). M.p. 92-93°C (toluene/ hexane). Anal. Calcd for
CiaH1aN2048: C, 54.90; H, 4.58; N, 9.15; §, 10.46. Found: C, 55.18; H, 4.80; N, 9.15; S, 10.52. IR (KBr): 3340,

1780, 1710, 1700, 1550. 'H-NMR: 7.60-7.54 (m, ZH, arom.); 7.40-7.35 (m, 3H, arom.); 6.91 (s, 1H, NH);

3

H, H4, Ji3,=1.1); 431 (q, 2H, COOCH,); 4.15 (d, 1H, H-6a, Jes3,=10.6, Hz); 3.91 (d, 1H, H-3a,
Jea3=10.6 Hz ); 1.30 (t, 3H, CH;, J=7.5 Hz). "C-NMR: 173.9 (C-6); 161.2 (COOEY); 140.2 (C-3); 135.1, 129.7,

{ o ) Q‘10/f‘ AY- £1 Q (LI Y-
\aiviii, J, A\, U0

153; 141; 125; 113; 110; 109; 95 (100); 83; 77, 65, 55.
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FExo-4-ethylsulfonyl-3-ethoxycarbonyl-1H.4H 3a,6a-dihydrofuro|3.4-clpy Inyrazol-6-one (17) From furanone 5

ﬁl QM fa_ 1

-122°C (ioluene/ hexane). Anai. Caicd for

{(30%) as a yellow solid. (Petr
CioH1aN206S: C, 41.38; H, 4.83; N, 9.65; S, 11.03. Found: C, 41.60; H, 5.10; N, 9.44; S, 11.01. TR (KBr): 3330,
1810, 1680, 1555, 1330, 1320, 1150. 1H—NI\rflR: 7.26 (s, 1H, NH); 5.68 (s, 1H, H-4); 4.82 (d, 1H, H-6a, Js,3,=10.7

Hz); 456 (d, 1H, H-3a, J;,5,=10.7 Hz); 4.40-424 (m, 2H, COOCH;); 3.18 (g, 2H, SOO-CH,); 1.44 (1 3H CH;

LEEA R LN LA, NSNS, Lii, ONSNSSNaRZy, ~aii, vxa3,

—-.4

-~ . oy
ate, 3:1). M.p.

.-. o~

7.9 (C-4), 62.0

~TT R LN N 1 ~

J=7.5 Hz);, 1.34 (1, 3H, CHs, J=7.1 Hz). PC-NMR: 172.9 (C-6); 161.0 (COOED); 137.8 (C-3); 8
(CHy); 60.1 (C-6a); 45.4 (S-CHy); 44.9 (C-3a); 14.1 (CHy); 6.0 (CHz). Ms, m/z: 290 (M, 2); 245; 197; 167; 141;
123; 113; 95 (100); 83; 68, 55.

LA
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a NS AMEJUUCLL CL UL 7 A CLTUINCWUWI UL VI (1777 ) e 7@ I
Exo-4-phenylsulfonyl-3-ethoxycarbonyl-1H,4H,3a,6a-dihydrofuro[3,4-clpyrazol-6-one (18). From furanone 6
IVEO/N ae a srallas a1l b aabd oouoas 0.1 RA - 1AN 1:no VPR Ty I I 4 O
(327) as 4 yCllUW b()ll . Liolene-cinyl accidic, o.1). vi.p. i47-1oU \l()luCllCl HCXdHC) /‘\Ildl L d.lLv(l 101

C1H1aN,O6S: C, 49.70; H, 4.14; N, 8.28; S, 9.47. Found: C, 49.38; H, 4.13; N, 8.55; S, 9.89. IR (KBr): 3300,
1820, 1710, 1685, 1560, 1335, 1160, 'H-NMR: 7.96-7.91 (m, 2H, arom.), 7.74-7.57 (m, 3H, arom); 7.18 (s, 1H,
NH) 560 (Q IH, H.A\ 4 88 [d IH, H-6a, L“A—I()ﬁl-lﬂ 472 (d IH H-3a_ lL. qh-—]()ﬁHﬂ 4 28-4 25 (m 2H,

CH>); 1.34 (t, 3H, CH;, J=7.0 Hz). BC-NMR: 1729 (C-6); 160.9 (COOEY); 146.4 (C-3); 135.5, 129.6, 1294
(arom.); 90.6 (C-4), 61.7 (CHy), 60.2 (C-6a); 46.3 (C-3a); 14.0 (CHs). Ms, m/z: 338 (M", 0,1); 213; 197; 167; 141;

95 (100); 83; 77; 55.
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