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Abduct-Heating of a neat mixture of the title components la-lf and 2x, 2y at 120-180” gives furan 
derivatives 3 and/or 4 with elimination of the corresponding sulphide. Cyclic diketo-type ylides 9a, 9b 
and 13 react with diethyl acctylenedicarboxylate to afford novel ylides 1011, lob and 14, respectively. 

DOUBLY acylated sulphonium methylides (1) are readily accessible,’ but the synthetic 
applications are limited due to the chemical inertness.” Herewith we report a furan 
synthesis which consists in the reaction of 1 with carbethoxy substituted acetylenes 
(2x and 2y) proceeding oiu 5 to give 3 and/or 4 (Scheme l).’ Condensations of other 
sulphonium ylides with acetylenes have been recorded to afford different products.4* ’ 
Table 1 lists present reaction conditions and yields of furans, whose spectral data 
and analyses are given in Tables 2 and 3, respectively. 

SCHEMJ!l 
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Reaction of 1 (R = Me) with 2x in the absence of a solvent proceeded at 120-170 
in 5-15 minutes with evolution of dimethyl sulphide.* Methylphenylsulphonium 
ylides (1, R = Ph) react under similar conditions to afford inferior yields. Ylides 
with different acyl groups (RI # R2) gave mixtures of3 and 4 in ratios given in Table 1, 
which were determined by NMR and supported by IR spec@a. The ester CC group 
in If was found to be inert to the cyclization process to afford a single furan derivative 

l Attempted reaction of 1 with 2x in chloroform at room temperature resulted in nearly quantitative 
r-very of the starting materials. 
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TABU 1, YBLLX OF PURANS 3 and 4 

No. R 

la Me 

lb MC 

1lJ Ph 

Ylidc 
R’ 

Me 

Ph 

Ph 

R’ 

MC 

Ph 

Ph 

Acetylene Reaction Furan 
No. temp.‘(“C) No. Yield (“/J 

f 
120 3ax 91 
160 3aY 70 

2x 170 3bx 97 
2y 180 3by 42 
2x 180 3bx 66 

lc 

1’C 

MC 

Ph 

MC 

MC 

Ph 

Ph 

3a 4sb 
2x 135 4a 52 

5 180 2 gb 
45b 

2x 120 4cx 32 

Id Me Et Ph 
3dx 

120 4&x 
98’ 

le MC iso-Pr Ph 
30x 38 

2x 140 t 4ax 62 
If MC OEt MC 

5 
120 (3fx 93 
160 3pg 73 

’ At this temperature the evolution of sulphidc occurred violently. 
b The relative yiekh~ are hased on integrated areas of NMR signals. 
’ The relative yields were not determined. 

3fx or 3rj in each reaction. All these furan derivatives are formed by path A via 
intermediary addzcts 5. Alternative route B leading to 7 can not be excluded, if X 
is carbethoxy.**t However, the reaction with ethyl propiolate (2~) proceeded to 
afford 3 and/or 4 and the presence of 7 was disproved. Ethyl phenylpropiolate was 
inactive toward ylides la-f under the present conditions. 

The product 3ay was converted to the corresponding methyl ester 8 which was 
prepared independently as outlined in Scheme 2. The resulting authentic sample was 
identical with 8 on mixed m.p. and spectral comparison. Hydrolysis of furan 3fy 
gave 5-methylfuran-2Jdicarboxylic acid The ester and the acid were different from 
the known isomer, 2-methyl-furan-3,4dicarboxylic acid and its ethyl ester,* which is 
expected to be produced according to path B from the isomer 7. 

scHBm2 

H 
1. co2 
t 

CS 1. H,O 
- %Y 

COOMe 
2. CH,N, 

8 
l Winterfoldt recorded an instance of furan formation in the reaction of methyl phenylpropiolate and 

an ylida obtained hy the addition of dimethyl acetylenedicarhoxyko on dimethyl sulphoxide. The product 
isexplainedoathebrsiofpathBrathathanpathkSeere1.6. 

t For raaction of an ammethine ylidc and acctylenea, see ref. 7. 
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TAIILLI 2. SPECTRAL DATA cw FURAN 3,4 AND 8 
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Compd. c IR (KBr or neat)’ 
No. nm Oog a) cm-’ 

- 

3ax 

3aY 

3bx 

3bJr 

34x 

4cx 

2 
3dx 

4dx 

3eX 

4eX 

3fX 

3rp 

8 

274 (409) 

258 (4.17) 

266 (4.23). 
316 (4.22) 
268 (4W), 
320 (4.34) 
218 (498X 
296 (424) 
218 (4+t), 
264 (442), 
294 (4.24) 
C 

C 

C 

C 

C 

C 

256 (4W) 

252 (4G5) 

258 (416) 

1740,1720,1688 

1725.1675 

1727,1650,1639 

1730,1652 

1740-1720.1689 

1742, 1726,164O 

1.32 (t 3H), 1.36 (t, 3H), 2.39 (s 3H), 266 (s, 3H), 
425 (q, 2H), 4.31 (q, 2H) 
1,41 (t 3H), 2.42 (s, 3H), 2.70 (s, 3H). 4.33 (q, 2H), 
7.27 (s, 1H) 
1.28 (t, 3H), 1.31 (t, 3H), 4.23 (q, 2H), 4.29 (q, 2H), 
7W3.2 (m. 10H) 
1.39 (1, 3H), 4.33 (q, 2H). 72-8.5 (m, 11H) 

1.29 (t.3H). 1.38 (1. 3H), 246 (s, 3H), 4.23 (q. 4H), 
7.2-8.1 (m, 5H) 
1.32 (5 3H), 1.34 (t. 3H), 268 (s, 3H), 4.31 (q, 4H). 
7.2-8.2 (m, 5H) 

1723,1683 
1723, 1649 
1739.1723, 1687 

1739,1723,1650 

1740,1727,1688 

1740, 1727, 1658 

1745-1714 

1725 

1.36 (t, 3H). 2.47 (s, 3H). 4.30 (q, 2H), 7.2-8.2 (m. 6H) 
1.36 (t, 3H), 2.71 (s, 3H), 4.30 (q, ZH), 7.2-8.2 (m, 6H) 
1.34 (t. 6H), 1.36 (t,3H), 3GO (q, 2H), 4.27 (q. 4H), 
7.2-8.1 (m, 5H) 
1.34 (1.6H). 1.42 (1, 3H), 31.2 (q, 2H). 427 (q, 4H), 
7.2-8.1 (m, 5H) 
1.25 (d. 6H), 1.34 (t, 6H), 3.38 (septet, lH), 4.29 (q, 4H), 
7.2-8.2 (m, 5H) 
1.34 (t,6H), 148 (d, 6H), 3.86 (septet, IH), 429 (q, 4H), 
72-8.2 (m, 5H) 
1.33 (1. 3H), 1.36 (t,6H), 268 (s, 3H), 4.25 (q, 2H), 
430 (q. 4H) 
1.36 (1. 3H), 1.37 (t 3H), 265 (s, 3H), 4.25 (q, 2H), 
4.28 (q, 2H), 7.24 (s, 1H) 

1728. 1678 2.47 (s, 3H), 2.70 (9 3H), 393 (s, 3H), 740 (s, 1 H) 

NMR Gppm (relative intensity, multiplicity~ 

-----_-__ 

’ Only the carbonyl absorptions am recorded. 
b All spectra were obtained in CCl, with TMS ref. Chemical shifts are given in dppm and abbreviations 

s, d, f q and m refer to singlet, doublet, triplet, quartet and multiplef respectively. 
’ The spectra were not obtained due to the failure in isolating analytically pure samples. 

In contrast to these open chain diacylmethylides, the diketo-type ylides !Ia and 9b 
of cyclic structure reacted with the acetylene 2x in a different way (Scheme 3) affording 
novel ylides 100 and lob. No evolution of dimethyl sulphide was observed during the 
reaction at 180” (15 min) and 145” (20 min), respectively. The ylide structures lOa, 
lob were based on the IR absorptions (KBr) at 1510 and 14% cm-’ (ylide CO) 
as well as on NMR and mass spectra Intermediates 11.12 explain the formation of 
101, lob, and this wlll be discussed below in further detail A similar type of ylide 14 
was found to be produced from 5-membered cyclic ylide 13 as shown in Scheme 4. 
Notably, the intermediates such as 11 in Scheme 3 should be formed by the path B 
in Scheme 1. The contradictory behaviour of open chain and cyclic diacylmethylides 
may be explained as shown in Scheme 5. 
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TABLJJ 3. M.PS (BPS) AND ANALYTICAL DATA OP mlVXL FURAN 

Compd. m.p. (b.p.) 

No. “C 

(140-142/0.35) 
15-77 
87-88.5 

85-86 

(2w@22Y 
92-93 

b 
b 
C 

C 

d 

;67-167~5,090) 

(lwoQ5) 
147.148 

Formula 
Anal. 0 

Found RCq. 
C H C H 

58.5 5.8 58.2 6.0 
61.4 6.2 61.2 6.2 
70.5 5.1 70.4 5.1 
75.3 4.8 75.0 5.0 
65.4 5.6 65.4 5.5 
65.2 5.3 65.4 5.5 
69.5 5.8 69.8 5.5 
69.5 58 69.8 5.5 
66.0 5.7 663 5.9 
66Q 5.7 66.3 5.9 
66.9 6.1 67.0 6.2 
66.9 6.1 670 62 
56.5 6G 56.4 6.1 
58.7 6.4 58.4 62 
59.5 5.6 59.3 5.5 

0 Bath temperature. 

* A mixture of 3q and 4q boiled at 160-165’p2 mmHg. 
c A mixture of 3& and 41x boiled at 173-181”/OQ4 mmHg. 

’ A mixture of3ax and 4ex boiled at 185-192”m5 mmHg. 

11 12 

00 

- P 

@/ R, Me,!5 

/ 
C(CO,Et)COCO,Et 
1Oa: R-Me 
lob: R=H 
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palI A 
x 9a,b+2x 

R praB.C 

path C 
CO,Et 

TABLB 4. MA AND SP@C?RAL DATA OP NOVBL YUDE3 

Gmpd. 
No. 

IR (KBr)’ 

(cm_‘) 

NMR’ 

(6 Ppm) 

lk 148-149.5 

10b 177-178 

14 142-144 

222 (4.w 
274 (3*93), 
392 (4.17) 
247 (3W, 
275 (3*76), 
395 (4.17) 
244 (448), 
296 (3*3Qx 
303 (3.36) 
423 (4.44) 

1712,1700,1621, lG8 ((s, 6H), 1.31 (t, 3H), 1.35 (t, 3H), 
1575,151o 2.36 (broad a, 2H), 2.56 (broad s, ZH), 

3*i7 (s, 6H), 4.20 (q, 2H), 4.26 (q, 2H) 

1727,1702,1615, 1*31(S 3H)# 1.36 (t. 3Hx :9-3a (nz 6H)# 
1579.1496 3.14 (s, 6H), 4.19 (q. ZH), 4.26 (q, 2H) 

1726,1682,1663, 1.31 (t, 3H), 1.37 (t, 3H), 3.21 (s, 6H), 
1630,1585,1452 4.Z (q, 2H), 4.37 (q, ZH), 75-8.4 (m, 4H) 

l only the carbonyl absorption8 are raxrdcd. 
bMNMRs~wsnob~in.CDCI,withTMSrsC.Chsmicashiffsucgivenindppmand 

abbreviations s, f q and m refer to tiglct, triplet, quartet and multiplet, ra~pectively. 
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in uccuo gave 4-acetyL5-methylfur-2aboxylic acid which was CsteriIkd with diaxomethane without 
further purificatiot~ The reaction products wen chromatographsd on a Silicagd column Elution with 
hexane and benxenc aRorded 8 (180 g, 33”/, m.p. 147-148”) (Found: C, 59.5; II, 56. CpHIOOI requires: 
C 59.3; H 5.5%). 

(b) A ,soln cd 3ay (4.85 g, 25 mmoles) and KOH (168 g, 30 mmolcs) in MeOH was hated under reflux 
for 30 min and the resulting acid was methylated with diaxomethanc. Chromatography (Silicagel, benxene) 
and recrystallization from CCI, afforded 8 (2.10 g 46%), m.p. 147-148”. 

Both specimens showed no depression upon mixed m.p. and the IR spectra were completely super- 
imposable. 

Dferhyl 2-methylfuron-3,edicarboxylate was prepared by the method similar to the report;* IR (neat): 
3250, 1745, 1617,1562, 128Q118Q lo&o cm-‘; NMR (CCI,): d 1.45 (t, 6H), 2*51(s, 3H), 4.26 (q, 4HX 768 
(s, 1I-I). (Found: C, 58.7; H, 6.4. Calc. for CiiHi.0,: C, 58.4; II, 6.2%). 

Hydrolysis of3fy. A soln of 3fy (19 g, 44 mmoles) in alcoholic KOHaq was heated under reflux for 3 hr. 
Work up affordal 5-methylfuran-2,4dicboxylic acid (@6g. 80%). A sample did not melt up to 250”. 
The isomer, 2-mcthylfuran-3,4-dicarboxylic acid has m.p. 230-231”.* 

Attempted reaction sfl with ethyl phenylpropiolnte. Attempts were made to react ethyl phenylpropiolate 
with la, lb and If at 180” (2 hr), 180” (5 hr) and 150” (24 hr), respectively. In each case the starting yhde 
1 was recovered almost quantitatively. 

Reaction of9a with 2x A mixture of 9a (4a g 20 mmoks) and 2x (7 ml) was heated at 180” for 15 min 
with stirring After cooling, the resulting viscous oil was triturated with ether to give a yellow solid. 
Recrystallization from benxene afforded 1Oa (615 g, 83x), m.p. 148-149-5”. (Found: C, 58.2; H 79. 
C,sHs60,S requires: V, 58.4; H, 7.1%). 

Reaction 4% with 2x A mixture of 9b (0.26 g 1.5 mmoks) and 2x (O&5 g 2.7 mmoles) was heated at 
140” for 20 min with stirring Working up followed by recrystallixation from benxene afforded a yellow 
crystalline solid lob (O-44 g 86%X m.p. 177-178”. (Found: C, 55.8; II, 6.2 CldHIIOdS requires: C, 561; 
H, 6.5%). 

Reaction of 13 with 2x A mixture of 13 (1.00 g, 49 mmolcs) and 2x (15Og 8.8 mmoks) was heated at 
125” for 10 min. Chromatography (Florisil, AcOEt) and rccrystallixation from CCL gave 14 (090 g, 49”/,), 
m.p. 142-1449 (Found: C @3; I-I, 5.3. CL9Hx006S requires: C, m6; Y 5.4%). 

Preparation of dimerhylsulphonium (benzoy[)-propionybnethylide (Id) A sotn of dimethylsulphonium 
phenacylide*O (126 g, 70 mmolcs) and propionic anhydride (9.1 g 70 mmoles) in anhyd THF (200 ml) 
was stirred for 6 hr at room temp. The mixture was diluted with water and extracted with CHCl,. Recrystalli- 
zation of the residue after evaporation from benmne yielded Id (4.5 g 270/,X m.p. 112-113”; IR (Nujol): 
1600.1565,1330cm-L; NMR b(CDCl,), lU(t, 3H), 2.61 (q, 2H), 296(s, 6H), 74O(q 5H) (Found: C, 662; 
H, 6.8. C,,H,,O$j requires: C, 66-l ; H, 6.8%). 

Preparation of dbnethylsulphonium (benzoyl)-isobutyrybnethylklc (1~). A sob of dimethylsulphonium 
phenacylide (76 g, 42 mmoks) and isobutyric anhydride (67 g. 42 mmoks) in THF was stirred for 24 br 
at room temp. Work up followed by recrystallization from benzene afforded lc (36 g 34x), rap. 12@-121”; 
IR (Nujol): 1578, 1545, 1370 cm-‘; NMR: d (CD&~ 10l (d, 6H), 2.96 (a 6m 3.32 (septet, lH), 7.40 
(s, 5I-I). (Found: C, 67.4; I-I, 7.4. C,,H,,O,S requires: C, 67*2; H, 7.3%). 
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