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Abstract: 4-Pentynoic acid reacts with aldehyde under the co-catgg:gsaggmaklj:xhggg ;_Séllrr]‘r?inicor%?rt]aelyﬁ system of Wilkin
lyst system of Wilkinson’s complex and 2-aminopyridine to @ive P Py )

alkylidene derivatives of B-furan-2-one through the transition The reaction of benzaldehyd&aj and 4-pentynoic acid
metal-catalyzed cyclization of 4-pentynoic acid followed by con¢?) in the presence of (PRERNCI (3, 5 mol%) and 2-ami-

densation of the resulting lactone with aldehyde. no-3-picoline 4a, 40 mol%) was performed at 100 °C in
Key Wor_ds: Ia_lctone, lactam, Wilkinson’s complex, aldehyde, 4toluene for 3 hours to afford)-3-benzylidene-B-furan-
pentynoic acid 2-one Ba)’ in a 74% isolated yield (82% yield by GC) af-

ter chromatographic isolation (Table 1, entry 1). When the

_ _ _ _ reaction was carried out withod& under identical reac-
Interest in the chemistry of 5-substitutedlkylidene de- tion conditions, only 5-methylenedihydrofuran-2-o8§ (
rivatives of 3H-furan-2-one has recently emerged becausgas obtained.
of its potential antifungal uses such as preserving agncufgfom these results, the reaction mechanism can be in-
tral Crops and wooden produttsiowever, only a few ferred as described in Scheme 1. Initially 4-pentynoic acid
Syf;t[}e“c metho_ds fo_r these compounds h.ave been fep‘(’éﬁ' undergoes cyclization under catalygsto furnish6.
ed’*and many individual reaction stés high pressure 0"\ dium-catalyzed cyclization of alkynoic agido

reaction conditionsare required to obtain these Com'alkylidene lacton@ was previously reportetiLactone6
pounds. might be further isomerized to the more stable lactofe
Recently, we developed an efficient co-catalytic system glubsequent condensation7oivith benzaldehydelf) in
Wilkinson’s complex and 2-amino-3-picoline for the inthe presence of bade leads to loss of water abe. Since
termolecular hydroacylation of alkenes or alkynes with abondensation of with aldehydes was known to proceed
dehydes giving ketones a,-enones:® During the via the basic metal salt, sodium acefatearious bases
course of our studies on this intermolecular hydroacyliacluding sodium acetate were applied to the one-pot
tion of various functionalized alkynes, we found that thggansformation ofia and2 to 5a (Table 1). All bases ex-
reaction of benzaldehydgd) with 4-pentynoic acidd) in  cept 2-aminopyridine derivatives were ineffective.
the presence of Wilkinson’s comple3) @nd 2-amino-3- Among various 2-aminopyridine derivatives (Table 1,
picoline @a) resulted in E)-3-benzylidene-B-furan-2- entries 1-3), 2-aminopyridine showed the best reactivity.
one ga) exclusively instead of the expected hydroacylanterestingly, 4-aminopyridine (Table 1, entry 4) or sodi-
tion product,o,p-enoné (Equation 1). Herein, we report um acetate (entry 8) did not show any reactivity.

an unprecedented one-pot synthesi&-@aflkylidene de-

rivatives of 3H-furan-2-one derived from 4-pentynoicTablel Reaction of Benzaldehydéd) and 4-Pentynoic Acid)
with Various Baseg?

H o Entry Baset 5a (%)°
o] Ph 1 2-Amino-3-picoline 4a) 74
- o]
Ph” H (PPha)sRNCI (3) y = 2 2-Amino-6-picoline 4b) 45
la 2-amino-3-picoline (4a) 5 CHs . -
+ 0 3 2-Aminopyridine 4c) 75
M toluene, 100 C, 3 h
O . T
4 4-Aminopyridine 4d) 0
Z OH CO,H
2 —— Ph 5 Pyridine @ie) 0
hydroacylation product 6 Aniline (4f) 0
Equation 1 7 Cyclohexylamine4g) 0
8 Sodium acetatetf)) 0
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Schemel Proposed mechanism for the reactiorl@f@and2 under Scheme2 Proposed reaction mechanism of aldim@nend?2.
the co-catalyst systems 8fand4a.

When the reaction was carried out with various aldehyde&s confirmed when compoursd was allowed to react

1 (Table 2, entries 1-6), correspondifiy-8-arylidene-5- Wwith aniline at 100 °C for 12 hours to gi®ein 76% iso-
methyl-3H-furan-2-one5 was isolated in fairly good lated yield (Equation 2).

yields. In conclusion, we have demonstrated a highly efficient
It is interesting to note that even with ferrocenecarboxadne-pot synthesis dE-alkylidene derivatives of 3-fu-
dehyde {g), a good yield of the corresponding compoungan-2-one from 4-pentynoic acid and aldehyde under a
5g was obtained (Table 2, entry 7). However, with an alRh(I) catalyst and 2-aminopyridine. In addition, a novel
phatic aldehyde such as cyclohexanecarboxaldehydigect one-pot synthesis of lactam was achieved by use
(1h), only a trace amount (4%) d&h was produced of aldimine instead of aldehyde. Detailed mechanistic
(Table 2, entry 8). The reason must be that the reactionssfidies on the role of 2-aminopyridine, and further appli-
aromatic aldehyde witB leads to an extended conjuga<ations of this one-pot reaction with various alkynoic
tion of lactone7 with the aromatic group of the aldehydeacids and aldehydes are underway.

through condensation while that of aliphatic aldehyde

with 2 does not. This hypothesis can be proven by the rg-

action of 2 with 1-cyclohexenecarboxaldehyddi)( ﬁcknowledgment
which gives an 81% isolated yield of the extended conjdihis work was supported by the Center for Bioactive Molecular
gation compoundi (Table 2, entry 9). Hybrid (CBMH).

Another interesting thing to note was that the use of
aldimine instead of aldehyde led to the formation dReferences
lactam: aldimineB reacted witl2 at 100 °C for 24 hours (1) (a)Rossi, R.; Bellina, F.; Mannina, Tetrahedron 1997, 53,

to give lactan® in 82% isolated yield (Equation 2). 1025. (b) Bellina, F.; Carpita, A.; De Santis, M.; Rossi, R.
Tetrahedron 1994, 50, 12029.
(2) Rossi, R.; Bellina, F.; Bechini, C.; Mannina, L.; Vergamini,
@ P. Tetrahedron 1998, 54, 135.
N H o (3) Huang, Y.; Alper, HJ. Org. Chem. 1991, 56, 4534.

For intermolecular hydroacylation using various aldehydes

3 (5 mol%) (4) (a) Rao, Y. SChem. Rev. 1976, 76, 625. (b) Rao, Y. S.
H 40 (40 moi) _ N@ ) o Chem. Rev. 1964, 64, 353.
8

toluene, 100 C, 24 h CHs or aldimines with alkenes see: (a) Jun, C.-H.; Lee, D.-Y,;

+ 9 Lee, H.; Hong, J.-BAngew. Chem. Int. Ed. 2000, 39, 3070.

2 81% isolated yield (b) Jun, C.-H.; Hong, J.-BDrg. Lett. 1999, 1, 887. (c) Jun,
(1.2 equiv) (100% GC yield) C.-H.; Lee, D.-Y.; Hong, J.-Bletrahedron Lett. 1997, 38,
6673. (d) Jun, C.-H.; Huh, C.-W.; Na, SAhgew. Chem.

9 Int. Ed. 1998, 37, 145. (e) Jun, C.-H.; Lee, H.; Hong, J.3B.

5a + PhNH; ————————~ 769 isolated yield @ Org. Chem. 1997, 62, 1200.
(Lequiv) toluene, 100°T, 12 (100% GC yield) (6) For intermolecular hydroacylation using various aldehydes

with alkynes see: Jun, C.-H.; Lee, H.; Hong, J.-B.; Kwon,

B.-l. Angew. Chem. Int. Ed. 2002, 41, 2146.
(7) TheE-stereochemistry of compoun8a, 5c, and5d was
The reaction mechanism of this transformation is shown  determined by NOESY spectroscopic analysis.
in Scheme 2. After the initial formation @ffrom 2, it re- (8) The reaction of 4-pentynoic acig) @nd (PPE),RhCI @, 5
acts with8 under basdc to generatd0. The intermediate mol%) was Eerfprmed in benzedgat 100 °C for 3 h to
10 undergoes-elimination to afford aniline and lactone afford a 100% yield of 5-methylenedihydrofuran-2-0Bjg (

. . . the structure was confirmed Byl NMR spectroscopyH

5a, which reacts further with aniline to produce lactam NMR (benzened,): 5 = 4.60—4.58 (m, 1 H), 4.03-4.01 (m, 1

9.12 The transformation mechanism&z with aniline to9 H), 2.29-2.20 (m, 2 H), 2.12-2.03 (m, 2 H).

Equation 2
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Table2 Reaction of Aldehyde$ with 22

Entry Aldehydel Product5!? Isolated yield (%)
1 : CHO 83 (100)

H

la
2 : _CHO 91 (100)

MeO

1b MeO
3 : _CHO 88 (95)

F

1c
4 CHO 72 (81)

FsC” :

1d F3C

5d¢
5 82 (95)
6 75 (82)
7° 78 (93)
8¢ 4 (7)
o H 81 (94)
A
o)
CHs

5i

aReagentsl (0.216 mmol)2 (0.432 mmol)3 (0.011 mmol)4c (0.086 mmol) in toluene at 100 °C for 12 h.

b GC vyields are given in parentheses.
¢ The reaction was carried out at 100 °C for 24 h.
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(9) (a) Marder, T. B.; Chan, D. M.-T.; Fultz, W. C.; Calabrese,
J. C.; Milstein, D.J. Chem. Soc., Chem. Commun. 1987,
1885. (b) Chan, D. M.-T.; Marder, T. B.; Milstein, D.;
Taylor, N. J.J. Am. Chem. Soc. 1987, 109, 6385.

(20) (a) Jun, C.-H.; Hwang, D.-C.; Na, SE€hem. Commun.

1998, 1405. (b) Reger, D. L.; Garza, D. G.; Baxter, J. C.
Organometallics 1990, 9, 873.

(11) Egorova, A. Y.; Reshetov, P. V.; Morozova, N. A.;
Sedavkina, V. A. IlChemistry of Heterocyclic Compounds;
Plenum Pub. Co.: New Yor#997, 910.

(12) Moneer, A. |.; Salem, A.; Mohamed el-kasaby,) AChem.

Soc. Pak. 1987, 9, 245.

(13) General Procedure for One-Pot Synthesigpf(kylidene
Derivatives of Bl-Furan-2-ones from 4-Pentynoic Acid and
Aldehyde
A screw-capped pressure vial (1 mL) was charged with
benzaldehydelf, 22.9 mg, 0.216 mmol), 4-pentynoic acid
(2, 42.3 mg, 0.432 mmol), (PRERNCI (3, 10 mg, 0.011
mmol), 2-aminopyridine4c, 8.1 mg, 0.086 mmol), and
toluene (0.2 mL). The reaction mixture was stirred at 100 °C
for 12 h. After the reaction reached completion, the mixture
was purified by column chromatograpmyh{exane—ethyl
acetate, 5:1) to givéa (33.3 mg, 83%).

Compoundba: IR (KBr): 3058, 2982, 2931, 1770, 1734,
1668, 1602, 1424, 1266, 899, 746:¢rtH NMR (250 MHz,
CDCl): 6 =2.19 (s, 3 H), 6.29 (s, 1 H), 7.28 (s, 1 H), 7.46—
7.34 (m, 3 H), 7.56-7.53 (M, 2 HfC NMR (62.9 MHz,
CDCl,): 6 =15.0, 102.1, 125.5, 128.5, 129.1, 130.1, 134.0,
135.2, 158.4, 170.0. MS (El, 70 eWi)z (%) = 43 (100), 63
(9), 89 (9), 115 (54), 158 (21), 186 (84) [M ¥]HHRMS:

m/z calcd for G,H,,0, [M + H]*: 186.0681; found:

186.0683.

Compoundbb: IR (KBr): 3058, 2987, 2839, 1770, 1638,
1601, 1510, 1428, 1266, 899, 746trtH NMR (250 MHz,
CDCly): $=2.18 (s, 3 H), 3.85 (s, 3H), 6.26 (s, 1 H), 6.94
(d,J=8.4 Hz, 2 H), 7.23 (s, 1 H), 7.51 @ 8.4 Hz, 2 H).

13C NMR (62.9 MHz, CDGC)): § = 14.9, 55.6, 102.0, 114.7,
123.1, 128.0, 131.9, 134.0, 157.3, 161.2, 170.0. MS (EI, 70
eV): m'z (%) =43 (11), 102 (11), 115 (3.6), 145 (100), 173
(4.3), 188 (17.3), 216 (62.6) [M +'HHRMS:m/z calcd for
C,3H,,05[M + H]*: 216.0786, found: 216.0782. Anal. Calcd
for C;3H,,04: C, 72.21; H, 5.59. Found: C, 72.36; H, 5.48.
Compoundbe: IR (KBr): 3053, 2986, 1770, 1632, 1509,
1418, 1263, 895, 737 ctn'H NMR (250 MHz, CDC)):
8=2.20 (s, 3H), 6.24 (s, 1 H), 7.16-7.04 (m, 2 H), 7.23 (s,
1 H), 7.56-7.51 (m, 2 H}3C NMR (62.9 MHz, CDC)):
8=15.0,101.8, 116.3, 116.6, 125.3, 131.6, 131.9, 132.1,
132.7, 161.6, 165.6, 170.0. MS (El, 70 emjz (%) = 43

(60), 83 (5), 107 (6), 133 (48), 176 (21), 204 (100) [MF:H
Anal. Calcd for GH4FO,: C, 70.58; H, 4.44; found: C,
70.44; H, 4.51.

Compoundbd: IR (KBr): 3053, 2990, 1778, 1638, 1601,
1510, 1426, 1327, 899, 746 ThmtH NMR (250 MHz,

CDClL): 6 =2.23 (s, 3H), 6.27 (m, 1 H), 7.28 (s, 1 H), 7.70—
7.58 (m, 4 H)}3C NMR (62.9 MHz, CDC)): § = 15.2,

102.0, 126.0, 126.1, 126.2, 127.8, 130.0, 131.7, 138.7,
160.2, 169.4. MS (El, 70 eVi/z (%) = 43 (85), 133 (8),

164 (7), 183 (10), 235 (6), 254 (100) [M *]HHRMS: m/z
calcd for GgHgO,F; [M + H]*: 254.0555; found: 254.0557.
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Anal. Calcd for GHyF;0,: C, 61.42; H, 3.57. Found: C,
61.34; H, 3.47.

Compoundbe: IR (KBr): 3058, 2987, 1765, 1638, 1424,
1266, 894, 746 cm 'H NMR (250 MHz, CDCJ): § = 2.19
(s,3H),6.19(s, 1 H), 7.27 (s, 1 H), 7.41-7.31 (m, 2 H), 7.59
(d,J=1.6 Hz, 1 H)**C NMR (62.9 MHz, CDC)): 5 = 14.9,
102.2,124.1, 127.2,127.4, 127.4, 129.7, 137.3, 157.5,
170.3. MS (El, 70 eV)n/z (%) = 18 (8), 43 (41), 77 (8), 96
(4), 121 (78), 164 (21), 192 (100) [M +HHRMS: m/z

calcd for GgHgO,S [M + HJ*: 192.0245, found: 192.0249.
Anal. Calcd for GHgO,S: C, 62.48; H, 4.19. Found: C,
62.51; H, 4.28.

Compoundbf: IR (KBr): 3053, 2992, 1770, 1632, 1424,
1266, 1169, 930, 741 cta’H NMR (250 MHz, CDC)):
8=2.23(s, 3H), 6.40 (s, 1 H), 7.44 (s, 1 H), 7.57-7.49 (m,
2H),7.65(dd)=1.6,7.0Hz,1H),7.89-7.82 (m, 3H), 7.99
(s, 1 H).1®C NMR (62.9 MHz, CDC)): § = 15.1, 102.4,
125.6, 126.1, 127.1, 127.8, 128.0, 128.9, 129.0, 131.2,
132.9, 133.5, 134.0, 134.2, 158.5, 170.2. MS (El, 70 eV):
m/z (%) = 43 (29), 115 (7.7), 139 (5.2), 165 (100), 208
(23.6), 236 (58.2) [M + H. HRMS: m/z calcd for GgH,,0,

[M + H]*: 236.0837; found: 236.0817. Anal. Calcd for
C,H1,0,: C, 81.34; H, 5.12. Found: C, 81.36; H, 5.13.
Compoundbg: IR (KBr): 3053, 2987, 1755, 1638, 1617,
1424, 1271, 889, 741 cta’H NMR (250 MHz, CDC)):
8=2.12(s, 3H), 4.18 (s, 5 H), 4.57-4.52 (m, 4 H), 6.02 (s,
1 H), 7.16 (s, 1 H):3C NMR (62.9 MHz, CDC)): § = 15.0,
70.1, 70.5, 72.0, 100.2, 102.5, 121.8, 136.3, 155.0, 170.0.
MS (El, 70 eV)m/z (%) = 43 (7), 56 (14), 121 (42), 223
(55), 229 (22), 266 (52), 294 (100) [M ¥+HHRMS: m/z
calcd for GgH,,0, Fe [M + HJ": 294.0343; found: 294.0311.
Anal. Calcd for GH,, FeO;: C, 65.33; H, 4.80. Found: C,
63.63; H, 5.00.

Compoundbh: IR (KBr): 3052, 2984, 2933, 2853, 1776,
1648, 1421, 1267, 913, 704 TotH NMR (250 MHz,

CDClL): 6 =1.71-0.89 (m, 10 H), 2.11 (s, 3 H), 2.36-2.32
(m, 1 H), 5.83 (s, 1 H), 6.44 (d= 9.84 Hz, 1 H)}*C NMR
(62.9 MHz, CDC)): 6 = 14.8, 25.6, 25.8, 32.2, 39.8, 101.1,
126.4, 144.8, 155.7. MS (El, 70 ez (%) = 43 (42), 67
(10), 82 (38), 110 (100), 124 (7), 149 (5), 192 (29) M+ H
Compoundbi: IR (KBr): 2941, 2859, 1779, 1632, 1602,
1439, 1296, 909, 741 cta’H NMR (250 MHz, CDC)):
8=1.77-1.60 (m, 4 H), 2.13 (s, 3 H), 2.36—2.26 (m, 4 H),
6.06 (s, 1 H), 6.33 (1= 3.98 Hz, 1 H), 6.87 (s, 1 H¥C

NMR (62.9 MHz, CDC)): 5 = 14.8, 21.6, 22.4, 26.9, 27.1,
99.8, 102.8, 122.0, 136.5, 138.4, 142.4, 155.3. MS (El, 70
eV):m/'z(%) = 43 (79), 80 (100), 91 (53), 111 (24), 119 (31),
147 (61), 190 (79) [M + H. HRMS: m/z calcd for G,H,,0,

[M + H]*: 190.0994; found: 190.0993.

Compound: IR (KBr): 3062, 1772, 1701, 1622, 1498,
1367, 1161, 910, 733 ctn’H NMR (250 MHz, CDC)):
8=2.09 (s, 3H), 6.19 (s, 1 H), 7.35-7.32 (m, 2 H), 7.58—
7.37 (m, 7 H), 7.72-7.69 (m, 2 HfC NMR (62.9 MHz,
CDCl,): 6 =15.0, 99.6, 128.0, 128.1, 129.0, 129.3, 129 .4,
130.0, 130.2, 131.1, 135.1, 136.1, 146.3, 169.5. MS (El, 70
eV):m/'z(%) = 51 (6), 77 (43), 118 (67), 218 (17), 232 (34),
261 (100) [M + H]. HRMS: m/z calcd for GgH,sNO [M +

H]*: 261.1154; found: 291.1154. Registry Number: 165263-
88-7.
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