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Abstract

@ CrossMark

A practical method for the synthesis of 3(2H)-furanones including the bullatenone was described. Intramolecular
cyclization of 4-hydroxyalkynones in the presence of KOH affords the biologically potent furanones in moderate-to-good
yield at room temperature. Synthesis of 4-hydroxyalkynones from the reaction of acid chloride and terminal alkyne in the
presence of copper iodide at room temperature was also reported.
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Introduction

The 3(2H)-furanone ring system (Fig. 1) is an interesting
class of heterocyclic core that constitutes the central ring of
many of the natural products isolated from a variety of
sources like sponges, algae, animals, plants, and insects
[1-4]. Jatrophone, eremantholides, geiparvarin, and parvi-
floranine A are some of the natural products of this class
that show potent anti-tumor activity [5—7]. The biological
property of these complex natural products appears to be
associated with their ability to act as alkylating agents by
virtue of the conjugate addition of biological nucleophiles
to the 3(2H)-furanone moiety [8]. Bullatenone, isolated
from New Zealand endemic shrub Lophomyrtus bullata
(Myrtaceae), shows antifungal activity against Candida
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albicans and Cladosporium resinae belong to this 3(2H)-
furanone class [9]. Other compounds having this subunit
also show wide spectrum of biological properties, includ-
ing antiproliferative [10], antiulcer [11], antiallergic [12],
selective COX-2 inhibition [13], and selective MAO-B
inhibition activities [14].

Synthetic approaches to the 3(2H)-furanone ring system
which vary in their degree of flexibility have been inves-
tigated by several groups. In 1971, Margaretha [15]
reported the sodium hydride catalyzed acylation of a
hydroxyketone with ethyl formate, followed by an acid-
promoted dehydration affords furanone in 50% yield. In
1981, Smith III et al. tried to exploit this strategy to
5-substituted 3(2H)-furanones, through utilization of an
alkyl ester in place of ethyl formate [16]. However, all
attempts in this regard were found to be fruitless. Then, the
later author reported an efficient approach involving acid-
catalyzed cyclization—dehydration of appropriately substi-
tuted o’-hydroxy-1,3-diketone to achieve the 3(2H)-fura-
none ring system [17]. They have also exploited this
strategy for the total synthesis of geiparvarine. Since the
pioneering work of Parker, Raphael, and Wilkinson [18] on
base-catalyzed cyclization of 4-hydroxy-ynones to 3(2H)-
furanones, several annulation methods have been emerged
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Fig. 1 Examples of biologically potent 3(2H)-furanone containing natural products

starting from 4-hydroxy-ynones. For instance, Hiyama and
co-workers reported the synthesized of 4-hydroxy-2-alky-
nones from the oxidation of 2-butyn-1,4-diol using #-butyl
hydroperoxide and Nafion-H and subsequent transforma-
tion to 3(2H)-furanones in the presence of polymer reagent
Hg/Nafion-H [19]. In 1986, Thomas and Damm reported
the sulfuric acid-catalyzed cyclization 4-hydroxy-ynones to
enable 3(2H)-furanones [20]. Inoue and co-workers syn-
thesized 3(2H)-furanones from 4-hydroxy-2-alkyn-1-one
derivatives via CO,-mediated bond reorganization [21-23].
Consequently, Amslinger and Lindner [24] employed die-
thyl amine in the presence of water to produce 3(2H)-fu-
ranones from 4-hydroxy-ynones. Notably, the use of
potassium hydroxide as well as other harder nucleophiles
afforded poor result. The stereoselective aldol reaction of
3-silyloxyfurans with aldehydes in the presence of a Lewis
acid to afford furanone derivatives was described by
Winkler et al. [25]. In 2011, sodium hydroxide-mediated
synthesis of 3(2H)-furanones by cycloisomerization of
allenic hydroxyl ketones in water medium was achieved by
Poonoth and Krause [26]. The reaction of «,-acetylenic y-
hydroxynitriles with arenecarboxylic acids in the presence
of triethylamine leading to 4-cyano-3(2H)-furanones was
also reported [27-32]. Very recently, Kawano et al.
reported an efficient synthesis of 4-halo-3(2H)-furanones
by halogenative intramolecular cyclization of sulfonium
salts [33]. Besides, several other annulation protocols using
precious catalysts of transition metals such as Au, Au/Ag,
Pt, Pd, and Cu have been developed [34—40]. For instance,
Liu et al. described that 2-oxo-3-butynoic esters or disub-
stituted-1,2-diones react with a range of nucleophiles in the
presence of gold catalyst to produce substituted 3(2H)-
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furanones [34]. Akai used the combination of (p-CF;Cg.
H4);PAuClI and AgOTf as the catalyst for the intramolec-
ular cyclization of y-hydroxyalkynones [35]. Crone and
Krish employed gold-catalyst along with NIS to synthesize
iodofunctionalized furans [6]. Cu-catalyzed [441] annu-
lation between a-hydroxyketones and nitriles was reported
by Jiang and co-workers [36]. Pt-catalyzed activation of
alkyne group of 2-hydroxy-2-alkynylcarbonyl compound
with a heterocyclization and subsequent 1,2-alkyl shift
leading to 3(2H)-furanones was described by Krisch et al.
[37]. Pd-catalyzed annulation of 4-hydroxyalkynone in the
presence of CO, was reported by Inoue [38]. Another
palladium-catalyzed route for the synthesis of substituted
3(2H)-furanones from activated alkenes and 4-chloroace-
toacetate was developed by John and Hopf [39].
Undoubtedly, these reported methods have their own merit
with several degrees of flexibility. However, the use of
expensive transition metal catalyst and limited substrate
scope, harsh conditions, and lack of a generality in pro-
cedure to achieve the starting materials necessitate further
development for the efficient synthesis of functionalized
3(2H)-furanones. Here, we report a simple base-catalyzed
method for the synthesis of 3(2H)-furanones from the
easily accessible 4-hydroxyalkynones under metal-free
conditions.

Our strategy towards the synthesis of 3(2H)-furanone is
outlined in Scheme 1. This involves the transition metal-
catalyzed coupling of synthetically viable acid chloride 3
and but-3-yn-2-ol (4) to produce 4-hydroxyalkynone 2,
which could be transformed to the desired 3(2H)-furanones
in the presence of base.
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Scheme 1

Results and discussion

We began our study with the synthesis of ynone, i.e.,
4-hydroxy-4-methyl-1-phenylpent-2-yn-1-one (2a, Ar=Ph)
from the reaction of 2-methylbut-3-yn-2-ol (4a) and ben-
zoyl chloride (3a, Ar=Ph). Notably, the earlier reports
4-hydroxy ynone synthesis (e.g., 2a) from the reaction of
benzoyl chloride and terminal alkyne are mainly populated
with the use of expensive Pd catalyst [41-43]. However, the
use of a low-cost catalyst such as copper salt is less litera-
ture precedent [44—48]. In line with our earlier work on the
use of cheaper catalytic system for C—C and C-heteroatom

Table 1 Copper catalyzed ynone synthesis from acid chloride
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bond formation reaction [49, 50], we planned to synthesize
the 4-hydroxy-ynones using less expensive copper catalyst
following a similar procedure reported earlier by Kundu
et al. [48]. Thus, we treated a series of aryl acid chlorides
with 2-methylbut-3-yn-2-o0l (4) in the presence of 10 mol%
of Cul in triethylamine for 30 h to produce a series 4-hy-
droxyalkynones 2a-2m (Table 1). It may be mentioned
here that except benzoyl chloride, the remaining acid
chlorides were prepared from the reaction of the corre-
sponding carboxylic acid, oxalyl chloride in dry dichlor-
omethane and used for the next step just after solvent
removal without further purification. For entry 13, we are

j\ (COCly2 j\ OHR1 cul i
RTTOH oo R0 %Ae o RJ\'LM';
CH,Cl, 3a-3n 4 Conditions B 2a-29 QH
Conditions A

Entry R Acid chloride R' Ynone Yield/%"
1 CegHs— 3a CH;3- 2a [35] 85
2 4-Me-CgHy— 3b CH;3- 2b [48] 65
3 2-Me-CgHy— 3c CH;- 2¢ 57
4 2-Cl-C¢Hy— 3d CH;3- 2d [51] 45
5 4-Cl-CgHy— 3e CH3- 2e [52] 54
6 2-I-CgHy— 3f CH;3- 2f 48
7 4-I-C¢H,— 3g CH;3- 2¢g 50
8 4-OMe-C¢H,— 3h CH;3- 2h [53] 72
9 3-OMe-CeHy— 3i CH;3- 2i 68
10 3,5-(OMe),—CgH3— 3j CH;- 2j 72
11 3,4-(OMe),—CgH3— 3k CH;3- 2k 70
12 3,4-(C1),—CeH3s— 31 CH3- 21 68
13 3,5-(Cl),—Cg¢Hs— 3m CH;- 2m Impure
14 C¢HsCH=CH- 3n CH;3- 2n [35] 37
15 CeHs— 3a CeHs— 20 70
16 CegHs— 3a C,Hs— 2p 79
17 CgHs— 3a H- 2q [54] 82

#Reaction conditions: A: 200 mg acid, 1.5 equiv. (COCI),, DMF (1 drop); 0 °C—it, 6 h. B: acid chloride from step 1 in 3 cm’ Et;N, 0 °C—rt, N,

atmosphere, 30 h
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unable to isolate the pure ynone 2m. Besides, this procedure
worked nicely for simple or acid chloride having electron-
donating groups, unfortunately fails for similar acid chlo-
rides with electron-withdrawing groups. Our efforts to
modify the condition using other copper salts and bases
were unsuccessful. Although this method is suitable to
afford ynone 2n, we are unable to isolate any ynone from
acetyl chloride. On the other hand, terminal alkynes other
than 2-methylbut-3-yn-2-ol were also found to be compat-
ible to this reaction condition and afforded the corre-
sponding 4-hydroxy-ynones 20, 2p, and 2q in good yield.

Next, we turned our attention towards the annulation of
4-hydroxyalkynones 2 to produce 3(2H)-furanones. Inter-
estingly, we observed that when 4-hydroxy-4-methyl-1-
phenylpent-2-yn-1-one (2a) was treated with methanolic
KOH, the desired compound 1a (bullatenone) was produced
in 74% yield. Replacing the KOH by an organic base such
as diethyl amine also produces the similar yield (70%). To
obtain improved yield, screening of different bases and
solvents was made by taking 4-hydroxy-4-methyl-1-phe-
nylpent-2-yn-1-one (2a) as model substrate (Table 2). To
our pleasure, when 2a was treated with three equiv. of
inexpensive potassium hydroxide (KOH) in a mixture of
solvent (i.e., toluene: methanol 2 cm>:0.5 cm?) at room
temperature for 12 h, the desired furanone 1a was obtained
in very good yield (85%). Note worthy that other bases such
as pyridine, NaOH, K,CO;, K5;PO,, and -BuOK in similar
solvent system were less effective to produce 1a.

With the optimized reaction condition, next, we sub-
jected the synthesized 4-hydroxyalkynones (2) for the
annulation (Table 3). Several 3(H)-furanones including
bullatenone (1a) were produced in moderate-to-excellent
yield. Functional groups such as Cl, I, and OMe are found

Table 2 Optimization of reaction conditions

to be compatible with reaction condition. Moreover, the
presence of an active functional group such as iodo opens
the door for further functionalization to biologically potent
3(2H)-furanone derivatives.

In line with earlier reports [18, 24], a plausible mecha-
nism for the successful transformation was proposed
(Scheme 2). This involves the initial 1,4-addition of the
alkynone to produce the corresponding enol I, which tau-
tomerizes to the corresponding 1,3-dicarbonyl compound
II. The preferred intramolecular nucleophilic attack of the
tertiary alcoholic OH group to the carbonyl group enables
the intermediate III, which might be undergoing dehy-
dration to afford the corresponding 3(2H)-furanone.

Conclusion

In conclusion, we have developed a simple base-catalyzed
route for the synthesis of 3(2H)-furanone derivatives from
the 4-hydroxy-ynones using the inexpensive potassium
hydroxide in toluene and methanol mixture. Our protocol
allows to synthesize functionalized 3(2H)-furanone, which
can be further functionalized by cross-coupling reactions to
produce biologically more potent furanone derivatives.
Moreover, the synthesis of ynones from the copper-cat-
alyzed acylation of terminal alkyne was also presented.

Experimental

All reactions were carried out in oven dried round bottom
flask. Solvents and reagents were used without further
purification. The reactions were monitored by TLC and the

0 O
We Base i Me
Me  Solvent, rt, 12 h O Me
OH
2a 1a
Entry Base Solvent Yield/%*
1 KOH MeOH (2.5 cm?®) 74
2 (C,Hs),NH MeOH (2.5 cm®) 70
3 KOH Toluene (2 cm®), MeOH (0.5 cm®) 85
4 NaOH Toluene (2 cm®), MeOH (0.5 cm®) 34
5 K,>CO; Toluene (2 cm®), MeOH (0.5 cm®) 30
6 K5POy4 Toluene (2 cm3), MeOH (0.5 cm3) 28
7 t-BuOK Toluene (2 cm®), MeOH (0.5 cm?) 46
8 Pyridine Toluene (2 cm®), MeOH (0.5 cm?) 36

#Reaction conditions: 100 mg 2a and 3 equiv. KOH, 2.5 cm? solvent, rt, 12 h
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Table 3 Synthesis of 3(2H)-furanones

o 0
KOH (3 equiv)
RT X Me I@( Me
R Toluene : MeOH 2 : 0.5 cm® R0 R!
2 OH rt, 12 h 1
Entry R, R! Ynone Furanone Yield/%
1 R=C¢Hs—, R'=CH;— 2a 1a [35] 85
2 R=4-CH;-C¢H,—, R'=CH;- 2b 1b [55] 65
3 R=2-CH3-C¢H,—, R'=CH;- 2¢ 1c [55] 61
4 R=2-Cl-C4H,—, R'=CH;— 2d 1d [55] 59
5 R=4-Cl-C¢H,—, R'=CH;— 2e 1e [38] 62
6 R=2-I-C¢H4—, R'=CH;- 2f 1f 53
7 R=4-1-C¢H,—, R'=CH;- 2g 1g 50
8 R=3-OMe—C¢H,—, R'=CH;- 2i 1i 95
9 R=3,5-(OMe),—C¢H;—, R'=CH;— 2j 1j 85
10 R=3,4-(Cl),—C¢H3—, R'=CH;— 21 11 53
11 R=3,5-(Cl),~C¢Hs—, R'=CH;— 2m 1m 62
12 R=C¢HsCH=CH-, R'=CH;— 2n in 0
13 R=C¢Hs—, R'=C¢Hs— 20 1o 62
14 R=C¢Hs—, R'=C,Hs— 2p 1p 95
15 R=C¢Hs—, R'=H- 2q 1q 0
Scheme 2
HO
(0] o HO
“on o )
Pz
X — OH
MeOH . O
OH I
2a
(0] 0]
O 'H2O ~ (0]
—_— —_—
OH
n 1a

residue was purified by column chromatography on silica
gel (Rankem, India, mess size 60-120), using an ethyl
acetate—petroleum ether (60-80 °C) mixture as eluent.
Yield of the reactions was calculated with respect to acid
chloride presuming that the acid was converted to acid
chloride quantitatively. All NMR spectra were recorded on
Bruker Avance III (400 MHz for '"H NMR, 100 MHz for
3C NMR) spectrometer and chemical shifts were expres-
sed in J units (ppm). The coupling constants (J values) are
expressed in Hz. Mass spectra were recorded on Agilent

spectrometer using ESI + mode. FT-IR spectra were
recorded by Shimadzu Spectrophotometer (IR Affinity 1S
W/L with quest ATR).

General procedure for the synthesis of 4-
hydroxy-ynone (2)

To a stirred solution of 200 mg acid in 5 cm™ dry

dichloromethane oxalyl chloride (1.5 equiv.) was added
dropwise under nitrogen atmosphere at 0 °C during which

@ Springer



N. Panda, D. K. Nayak

the colour of the solution changes to black. After 6 h,
solvent was removed under reduced pressure and the so-
formed acid chloride was used for the next reaction without
further purification.

To the acid chloride so-formed in situ from acid,
nitrogen was purged 2-3 times at 0 °C. Then, 3 cm® of
triethylamine was added and stirred for 5 min. To the
resulting solution, 2-methylbut-3-yn-2-ol (0.8 equiv.) was
added slowly and stirred for 30 h under nitrogen atmo-
sphere at room temperature. After completion of the
reaction, it was triturated with dichloromethane and water.
The organic layer was separated and dried over anhydrous
Na,SO, and concentrated under reduced pressure. The
crude product was purified by column chromatography
using ethyl acetate and petroleum ether mixture as the
eluent to afford 4-hydroxy-ynones 2a-2q.

General procedure for the synthesis of 3(2H)-
furanone (1)

To a stirred solution of 4-hydroxy-ynone (0.53 mmol) in
2 cm® toluene, KOH (three equiv.) dissolved in 0.5 cm?® of
methanol was added and the reaction mixture was stirred
for 12 h at room temperature. After the completion of the
reaction, it was triturated with ethyl acetate and water. The
organic layer was separated and dried over anhydrous
Na,SO, and concentrated under reduced pressure. The
crude product was purified by column chromatography
using ethyl acetate and petroleum ether mixture as the
eluent to provide 1.

4-Hydroxy-4-methyl-1-(o-tolyl)pent-2-yn-1-one (2¢, Cy3Hq4.
0,) Yield 57%; gummy liquid; IR (KBr): v = 3587,
2985, 2214, 1647 cm™'; '"H NMR (400 MHz, CDCls):
0=28.18 (d, 1H, J = 7.6 Hz), 7.45 (t, 1H, J = 7.6 Hz),
7.32 (t, 1H,J = 7.6 Hz), 7.25 (d, 1H, J = 7.2 Hz), 2.62 (s,
3H), 1.66 (s, 6H) ppm; '*C NMR (100 MHz, CDCl5):
0 = 179.7, 140.6, 135.1, 133.4, 133.1, 132.1, 125.9, 96.8,
81.3, 65.2, 30.7, 22.0 ppm; HRMS (ESI): m/z calcd. for
C3H;50," (IM+H]™) 203.1192, found 203.1217.

1-(2-Chlorophenyl)-4-hydroxy-4-methylpent-2-yn-1-one
(2d, C35Hq;Cl0,) [51] Yield 45%; gummy liquid; IR
(KBr): v = 3596, 2981, 2224, 1700 cm™'; 'H NMR
(400 MHz, CDCl3): 6 = 8.03-7.97 (m, 1H), 7.51-7.44 (m,
2H), 7.43-7.35 (m, 1H), 1.65 (s, 6H) ppm; '*C NMR
(100 MHz, CDCl3): 6 = 176.4, 135.3, 133.3, 132.5, 131 .4,
129.4, 126.6, 98.3, 81.1, 65.2, 30.4 ppm.

1-(2-Chlorophenyl)-4-hydroxy-4-methylpent-2-yn-1-one

(2d, Cy5Hq1ClOy) [51]  Yield 54%; IR (KBr): v = 3589,
2978, 2210, 1647 cm™'; '"H NMR (400 MHz, CDCls):
60 = 8.03(d,2H,J = 8 Hz), 7.43 (d, 2H, J = 7.2 Hz), 1.67
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(s, 6H) ppm; >C NMR (100 MHz, CDCls): 6 = 176.8,
140.9, 134.7, 130.9, 128.9, 98.9, 79.4, 65.2, 30.6 ppm.

4-Hydroxy-1-(2-iodophenyl)-4-methylpent-2-yn-1-one  (2f,
CioH1q105)  Yield 48%; gummy liquid; IR (KBr):
v = 3586, 2976, 2210, 1652 cm™'; 'H NMR (400 MHz,
CDCl,): 6 = 8.07-7.96 (m, 2H), 7.43 (t, 1H, J = 7.6 Hz),
7.20-7.12 (m, 1H), 1.62 (s, 6H) ppm; '*C NMR (100 MHz,
CDCls): 0 = 177.8, 142.2, 138.5, 133.6, 129.9, 128.1,
99.5, 92.8, 79.9, 65.7, 30.5 ppm; HRMS (ESI): m/z calcd.
for C;,H,10," (IM+H] ") 314.9882, found 314.9875.

4-Hydroxy-1-(4-iodophenyl)-4-methylpent-2-yn-1-one (2g,
CioH1q105)  Yield 50%; gummy liquid; IR (KBr):
v = 3587, 2978, 2214, 1652 cm™'; 'H NMR (400 MHz,
CDCly): § = 7.83-7.73 (m, 4H), 3.59 (s, 1H), 1.65 (s, 6H)
ppm; >C NMR (100 MHz, CDCl5): & = 177.3, 137.9,
135.7, 130.8, 103.0, 99.2, 95.3, 79.4, 65.1, 30.6 ppm;
HRMS (ESI): m/z caled. for CoH,I0," (IM+H]")
314.9882, found 314.9873.

4-Hydroxy-1-(3-methoxyphenyl)-4-methylpent-2-yn-1-one
(2i, Cy3H1405) Yield 68%; gummy liquid; IR (KBr):
v = 3587, 2982, 2214, 1646 cm™'; '"H NMR (400 MHz,
CDCl3): 6 =7.70 (d, 1H, J=7.6 Hz), 7.56 (d, 1H,
J = 1.6 Hz), 7.36-7.25 (m, 1H), 7.10 (dd, 1H, J = 8.4 Hz,
2.8 Hz), 3.80 (s, 3H), 1.65 (s, 6H) ppm; "C NMR
(100 MHz, CDCls): 6 = 177.9, 159.6, 137.8, 129.6, 122.8,
121.0, 112.9, 98.6, 79.8, 65.1, 55.3, 30.6 ppm; HRMS
(ESI): m/z caled. for Ci3H;sOsT (IM+H]T) 219.1021,
found 219.1014.

1-(3,5-Dimethoxyphenyl)-4-hydroxy-4-methylpent-2-yn-1-
one (2j, C4H604) Yield 72%; gummy liquid; IR (KBr):
v = 3587, 2984, 2218, 1648 cm™'; 'H NMR (400 MHz,
CDCly): 6 = 7.33-7.25 (m, 2H), 6.73-6.62 (m, 1H), 3.86
(s, 6H), 1.64 (s, 6H) ppm; >C NMR (100 MHz, CDCl5):
0= 1775, 160.8, 138.4, 107.2, 106.8, 97.7, 79.9, 65.3,
55.6, 29.7 ppm; HRMS (ESI): m/z calcd. for C4H,;0,"
(IM+H]") 249.1127, found 249.1120.

1-(3,4-Dimethoxyphenyl)-4-hydroxy-4-methylpent-2-yn-1-
one (2k, C;3H.405) Yield 70%; gummy liquid; IR (KBr):
v = 3587, 2982, 2210, 1653 cm™'; 'H NMR (400 MHz,
CDCls): 6 = 7.81 (dd, 1H, J = 8.4 Hz, 1.6 Hz), 7.58 (d,
1H, J = 1.6 Hz), 6.91 (d, 1H, J = 8.8 Hz), 3.96 (s, 3H),
3.94 (s, 3H), 1.67 (s, 6H) ppm; '*C NMR (100 MHz,
CDCl;): 6 = 176.5, 154.3, 148.8, 129.9, 125.9, 109.9,
97.2, 79.6, 65.1, 56.0, 55.8, 30.6 ppm; HRMS (ESI): m/z
caled. for C3H;sO5t (IM+H]T) 219.1021, found
219.1012.

1-(3,4-Dichlorophenyl)-4-hydroxy-4-methylpent-2-yn-1-one
(21, C45H40Cl,0;5)  Yield 68%; gummy liquid; IR (KBr):
v = 3587, 2982, 2214, 1653 cm™'; '"H NMR (400 MHz,
CDCly): 0 =8.16 (d, 1H, J=2Hz), 7.94 (dd, 1H,
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J =84 Hz, 2 Hz), 7.58 (d, 1H, J = 8 Hz), 1.68 (s, 6H)
ppm; *C NMR (100 MHz, CDCl3): ¢ = 175.5, 139.0,
135.9, 1334, 1312, 130.8, 1284, 99.3, 79.2, 65.3,
30.6 ppm; HRMS (ESI): m/7 caled. for C;,H;;Cl,0,"
(IM+H]") 257.0136, found 257.0139.

4-Hydroxy-1,4-diphenylpent-2-yn-1-one (20, C;7 H40,)  Yield
70%; white solid; m.p.: 98-100 °C; '"H NMR (400 MHz,
CDCl3): 6 = 8.17-8.13 (m, 2H), 7.73-7.70 (m, 2H),
7.66-7.63 (m, 1H), 7.53-7.47 (m, 2H), 7.43-7.39 (m, 2H),
7.38-7.34 (m, 1H), 3.01 (bs, 1H), 1.95 (s, 3H) ppm; "°C
NMR (100 MHz, CDCl): 6 = 177.7, 143.7, 136.4, 134.3,
129.6, 128.6, 128.6, 128.4, 128.2, 124.7, 96.4, 82.1,
32.5 ppm; MS (ESI): m/z = 251 ((M+H]*, 100%).

4-Hydroxy-4-methyl-1-phenylhex-2-yn-1-one (2p, Ci3 Hqs
0,) Yield 79%; gummy liquid; '"H NMR (400 MHz,
CDCl3): 6 =8.09 (d, 2H, J=72Hz), 756 (t, 1H,
J =172 Hz),7.42 (t,2H, J = 7.6 Hz), 3.96 (bs, 1H), 1.90-
1.82 (m, 2H), 1.62 (s, 3H), 1.10 (t, 3H, J = 7.6 Hz) ppm;
3C NMR (100 MHz, CDCl;): ¢ = 178.1, 136.3, 134.2,
129.5, 98.1, 80.9, 68.7, 36.0, 28.4, 8.95 ppm; MS (ESI): m/
z =203 ((M+H]*, 100%).

4-Hydroxy-1-phenylpent-2-yn-1-one (29, C11H1007)
[54] Yield 82%; gummy liquid; 'H NMR (400 MHz,
CDCly): 0 =8.08 (d, 2H, J=28.4Hz), 7.57 (t, 1H,
J=72Hz), 745 (t, 2H, J = 7.2 Hz), 5.74-5.67 (m, 1H),
253 (d, 1H, J=2Hz) ppm; “C NMR (100 MHz,
CDCl3): 6 = 165.3, 133.1, 129.7, 129.4, 128.3, 82.1, 73.1,
60.5, 21.2 ppm; MS (ESI): m/z = 175 (IM+H]*, 100%).

5-(2-lodophenyl)-2,2-dimethylfuran-3(2H)-one (1f, C;,H;;.
10;) Yield 53%; white solid; m.p.: 58-60 °C; IR (KBr):
v = 3015, 2981, 2210, 1735 cm™'; '"H NMR (400 MHz,
CDCly): 6 =7.86 (t, 2H, J = 4.2 Hz), 7.55 (dd, 2H,
J =2 Hz, 7.2 Hz), 597 (s, 1H), 1.49 (s, 6H) ppm; *C
NMR (100 MHz, CDCls): & = 206.8, 182.4, 138.1, 128.5,
128.4,99.7, 98.8, 89.2, 23.1 ppm; HRMS (ESI): m/z calcd.
for C;,H .10, (IM+H]T) 314.9882, found 314.9873.

5-(4-lodophenyl)-2,2-dimethylfuran-3-one (1g, C;,H;10,)  Yield
50%; white solid; m.p.: 150-152 °C; IR (KBr): v = 3014,
2982, 2224, 1680 cm™'; 'H NMR (400 MHz, CDCls):
5 =17.86 (dd, 2H, J = 6.8 Hz, 1.6 Hz), 7.55 (dd, 2H,
J =64 Hz, 1.8 Hz), 598 (s, 1H), 1.5 (s, 6H) ppm; "*C
NMR (100 MHz, CDCls): & = 206.8, 182.4, 138.1, 128.5,
128.4,99.7, 98.8, 89.2, 23.1 ppm; HRMS (ESI): m/z calcd.
for C1,H,10," (IM+H]™) 314.9882, found 314.9875.

5-(3-Methoxyphenyl)-2,2-dimethylfuran-3(2H)-one (1i, Ci3.
H1403) Yield 95%; white solid; m.p.: 86-88 °C; IR
(KBr): v = 3015, 2980, 1685, 1597 cm™'; 'H NMR
(400 MHz, CDCls): 6 = 7.36-7.45 (m, 2H), 7.34 (t, 1H,
J = 1.6 Hz), 7.06-7.13 (m, 1H), 5.96 (s, 1H), 3.88 (s, 3H),
149 (s, 6H) ppm; '*C NMR (100 MHz, CDCls):

0 = 207.2, 183.4, 159.7, 130.3, 129.9, 119.9, 118.5, 111.8,
98.8, 89.1, 55.5, 23.1 ppm; HRMS (ESI): m/z calcd. for
C3H,505" (IM+H]™) 219.1021, found 219.1046.

5-(3,5-Dimethoxyphenyl)-2,2-dimethylfuran-3(2H)-one (1j,
CiaH1604)  Yield 85%; white solid; m.p.: 103-105 °C; IR
(KBr): v = 3007, 2981, 1683, 1602 cm™'; 'H NMR
(400 MHz, CDCl;): 6 =696 (d, 2H, J=2Hz),
6.62-6.67 (m, 1H), 5.93 (s, 1H), 3.86 (s, 3H), 1.50 (s, 6H)
ppm; >C NMR (100 MHz, CDCl5): & = 207.0, 183.3,
160.9, 130.9, 105.0, 104.7, 99.0, 89.1, 55.6, 23.1 ppm;
HRMS (ESI): m/z caled. for C;4H;,0,7 (IM+H]™)
249.1127, found 249.1117.

5-(3,4-Dichlorophenyl)-2,2-dimethylfuran-3(2H)-one (11,
Ci2H1 €1,0,)  Yield 53%; white solid; m.p.: 128-130 °C;
IR (KBr): v = 3015, 2983, 1685, 1604 cm™'; '"H NMR
(400 MHz, CDCl;): 6 =793 (d, 1H, J=2Hz),
7.62-7.69 (m, 1H), 7.58 (d, 1H, J = 8.4 Hz), 5.97 (s, 1H),
150 (s, 6H) ppm; '*C NMR (100 MHz, CDCls):
5 = 206.6, 180.7, 136.8, 133.5, 130.9, 129.0, 128.7, 126.3,
99.5, 89.5, 23.1 ppm; HRMS (ESI): m/z calcd. for Ci,Hy;
CLO," (IM+H]™) 257.1036, found 257.1029.

5-(2,4-Dichlorophenyl)-2,2-dimethylfuran-3(2H)-one  (1m,
Ci2Hq0 C1,0,)  2m was obtained as an impure product that
contaminated with other unidentified impurities starting
from 200 mg of 2,4-dichlorobenzoic acid. On treatment of
2m (impure) with aq. KOH following the general proce-
dure C, Im was obtained in 52% yield (with respect to
acid) as white crystalline solid; m.p.: 133-135 °C; IR
(KBr): v = 3015, 2983, 1685, 1604 cm™'; 'H NMR
(400 MHz, CDCl;): 6 = 7.85 (d, 1H, J = 8.4 Hz), 7.55 (d,
1H, J = 2 Hz), 7.39 (dd, 1H, J = 8.4 Hz, 2 Hz), 6.35 (s,
1H), 1.49 (s, 6H) ppm; *C NMR (100 MHz, CDCls):
0 = 207.5,178.8, 138.2, 134.7, 131.0, 130.3, 127.5, 126.8,
104.4, 87.5, 23.0 ppm; HRMS (ESI): m/z calcd. for C,Hy;
CLO," (IM+H]") 257. 0136, found 257. 0161.

2-Methyl-2,5-diphenylfuran-3(2H)-one (10, C;;H;4,05) Yield
62%; gummy liquid; 'H NMR (400 MHz, CDCls):
0 = 7.98-7.94 (m, 2H), 7.63-7.54 (m, 5H), 7.41-7.32 (m,
3H), 6.03 (s, 1H), 1.88 (s, 3H) ppm; 13C NMR (100 MHz,
CDCl;): 6 = 204.3, 183.8, 138.3, 132.8, 128.9, 128.8,
128.5, 128.0, 127.1, 124.5, 98.6, 90.3, 24.4 ppm; MS
(ESI): m/z = 251 ((M+H]*, 100%).

2-Ethyl-2-methyl-5-phenylfuran-3(2H)-one (1p, C;3H;40,)
Yield 95%; gummy liquid; "H NMR (400 MHz, CDCls):
0 = 7.85-7.81 (m, 2H), 7.56-7.52 (m, 1H), 7.51-7.45 (m,
2H), 5.99 (s, 1H), 1.92-1.83 (m, 2H), 1.45 (s, 3H), 0.87 (t,
3H, J=72Hz) ppm; °C NMR (100 MHz, CDCl5):
0 = 206.8, 184.1, 132.5, 128.9, 128.8, 127.0, 99.9, 91.7,
30.0, 21.7, 7.48 ppm; MS (ESD): m/z; = 203 ([M+H],
100%).
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