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Abstract: Protonation of the highly reactive 1:1 intermediates produced in the reaction between
triphenylphosphine and dialkyl acetyienedicarboxylates by 2-hydroxyketones leads to
vinyltriphenylphosphonium salts, which undergo an intramolecular Wittig reaction to produce
functionalized dialkyl 2,5-dihydrofuran-2,3-dicarboxylates in fairly high yields. © 1998 Published by
Elsevier Science Ltd. All rights rescrved.

INTRODUCTION

Dihydrofurans, one of the most fundamental heterocycles, are important intermediates in organic synthesis

[1,2], and their synthetic study continues to attract much attention . Although unsubstituted dihydrofurans are
relatively easily derived from furan, preparation of polysubstituted dihydrofurans is much more difficult.

During the last decades, several methods have been developed for the preparation of dihydrofurans [3-10].
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Among the large family of furans, several efforis have

o

Recently, we have described a method for heterocyclic synthesis using a novel approach to vinylphosphonium
salts [11,12]. We here report that functionalized 2,5-dihydrofurans 3 are prepared from 2-hydroxyketones by
T aagien 1
hydroxyketones 2 with dialkyl acetylenedicarboxylates 1 in the presence of triphenylphosphine leads to the

corresponding dihydrofurans 3 in fairly good yields.
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RESULTS AND DISCUSSION

hosphorane

b=}

Many reactions are reported in which a heterocyclic-containing alkene is formed from a

may be regarded as product of an intramolecular Wittig reaction. Such addition-cyclization products
apparently result from initial addition of triphenylphosphine to the acetylenic ester and concomitant

rotonation of the 1:1 adduct honium cation to

n
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produce phosphorane 5, which is converted into the dihydrofurans 3.
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Structure 3 was assigned to the isolated products on the basis of their elemental analyses and IR, '"H NMR,

3C NMR and mass spectral data. The mass spectra of these compounds displayed molecular ion peaks at

appropriate m/z values. Initial fragmentations involved loss of the furan side chains (ROH, HCO:R,

H,C=CMe;) and scission of the ring.
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methyl (8 1.35 and 1.42) and methoxy (& 3.74 and 3.76) protons, along with a

gn
doublet at 6 2.11 and a quartet at

4
& 5.32 for methyl and methine groups, respectively. The four-bond proton-proton coupling constant between
igid skeletal framework of the

dihydrofuran moiety.
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The *C NMR spectrum of 3a displayed eleven distinct resonances in agreement with the 2,5-dihydrofuran
structure. Partial assignments of these resonances are given in the Experimental Section.
The 'H and >C NMR spectra of 3b and 3¢ are s
exhibited characteristic resonances with appropriate chemical shifts (see Experimental).
The NMR spectral data for compounds 3d-f, as shown in the Experimental section, are consistent with the
f

ure. For these molecul
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2,5-dihydrofuran struct es, complex multiplets are observe
methine protons of the heterocyclic ring system, as a result of long-range proton-proton couplings.

The procedure has been applied to 2-phenacyl propan-2-ol (2¢). Compounds 3g and 3i are stable crystalline
solids, but 3h is a pale-yellow oil. The structures of 3g, 3h, and 3i are fully supported by NMR and other
spectral data (see Experimental).

The structural assignments made on the basis of the NMR spectra of compounds 3a-i were supported by
measurement of their IR spectra. Of special interest is the carbonyl absorption (1701-1749 cm-1) for these
compounds. Conjugation with the carbon-carbon double bond appear to be a plausible factor in the reduction
of the wavenumbers of the carbonyl absorption bands [13].

Dihydrofurans 3a-i may be regarded as potentially useful synthetic intermediates [5-10] because they
possess the contiguous three carbon unit with different oxidation states. We anticipate that the reactions
described herein represent a simple and efficient entry into the synthesis of polyfunctional 2,5-dihydrofuran-
2,3-dicarboxylates.

Further investigation of the present method will be required to establish its utility and scope.

EXPERIMENTAL SECTION

Acetylenic esters 1 and 2-hydroxyketones 2 were obtained from Fluka (Buchs, Switzerland) :
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without further purification. Melting points were measured on an Electrothermal 9100 apparatus and are
. . 1
uncorrected. Elemental analyses were performed using a Heraeus CHN-O-Rapid analyzer. 'H and °C NMR
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recorded on a Finnigan-Matt 8430 mass spectrometer operating at an ionization potential of 70 eV. IR spectra

were recorded on a Shimadzu IR-470 spectrometer.

Preparation of dimethyl 2,5-dihydro-4,5,5-trimethylfuran-2,3-dicarboxylate (3a)
General procediire.
To a magnetically stirred solution of triphenylphosphine (0.524 g, 2 mmol) and 3-hydroxy-3-methylbutane-2-

one 2a (0.204 g, 2 mmol) in dichloromethane (4 ml) was added dropwise a mixture of dimethyl

in dichloromethane (4 ml) at -5° C over 10 min. The reaction
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mixture was then allowed to warm up to room temperature and stirred for 24 hr. The solvent was removed



9172 L. Yavari, M. Hossein Mosslemin / Tetrahedron 54 (1998) 9169-9174

mixture was then allowed to warm up to room temperature and stirred for 24 hr. The solvent was removed
under reduced pressure and the residue was purified by silica gel (Merck silica gel 60, 230-400 mesh) column
chromatography using hexane-ethyl acetate (4:1) as eluent. The solvent was removed under reduced pressure
and product (0.36 g, light-yellow oil, 78%) was obtained. IR (neat) (Vya cm™) : 1749 and 1714 (C=0), 1661
(C=C). 'H NMR (90 MHz, CDCl; ): § = 1.35 and 1.42 (6H, 2s, Me,C), 2.11 (3H, d, J=1.7 Hz, CH3), 3.74 and
3.76 (6H, 2s, 2CH;0), 5.32 (1H, q, J/=1.7 Hz, CH); °C NMR (22.6 MHz, CDCl; ): & = 11.85 (*CH;-C-),
26.39 and 26.45 [(’CH3),C], 51.43 and 52.29 (2CH;0), 82.50 (CH), 92.52 (*CMe,), 121.27 (="°C-C=0),
159.30 (CH3-"°C), 163.62 (=C-">C=0), 171.39 (CH->C=0). MS (m/z, %) : 228 (M", 2), 169 (M'-CO:Me,
100), 154 (169-Me, 48), 109 (169-HCO,Me, 80). Anal. Caled. for C;1H,605 (228.24) : C, 57.89; H, 7.07%.
Found: C, 58.2; H, 7.1%.

Diethyl 2,5-dihydro-4,5,5-trimethyifuran-2,3-dicarboxylate (3b)

Light-yellow oil, 0.40 g, 77%. IR (neat) (Vma, cm™") : 1735 and 1711 (C=0), 1663 (C=C). '"H NMR (90 MHz,

CDCL; ): 8 = 1.26

2

nd 1.33 (6H, 2t, /=7.1 Hz, 2CH;), 1.34 and 1.42 (6H

VEi, Lt

2s. Me

1, 28, Me;
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CH3), 4.18 and 4.20 (4H, 2q, J/=7.1 Hz, 2CH,0), 5.30 (1H
§=11.73 (“CH3-C=), 14.13 and 14.18 (2 '>CH;CH,), 26.43
Q

82.83 (CH), 92.44 (’CMe,)

\dijy i NV

J=1.7 Hz, CH); >C NMR (22.6
50 [(**CH3),C], 60.31 and 61.08 (20CH,),
O 0

and 26.
121.63 (="C-C=0), 158.93 (CH;-"C=)
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3C=0). MS (m/z, %) : 257 (MH', 4), 183 (M'-CO,Et, 100), 137 (183-EtOH, 26), 109 (183-HCOEt, 70).
Anal. Caled. for C3H200s (256.30) : C, 60.92; H, 7.87 %. Found: C, 61.4; H, 7.6%.

Di-t-butyl 2,5-dihydro-4,5,5-trimethylfuran-2,3-dicarboxylate (3c)

Light-vellow oil. 0.44 o 70%. IR (neat) (v_... cm’ \ 1736 and 1705 (C=0)
vight-yelow oL, V.44 g, /U7 (neat) (Vmax, 1 !/ ang /00 (L=0)

1

CDCl; ): & = 1.33 and 1.40 (6H, 2s, Me;C), 1.47 and 1.49 (18H, 2s, 2CMe3), 2.16 (3H, d, J=1.7 Hz, CH; ),

530 (1H, q, /=1.7 Hz, CH); “C NMR (22.6 Mlz, CDCl; ): 8 = 11.52 (**CH;-C=), 26.47 and 28.06

B3O N 97 Q0 and IR 18 (ACLL. of 70 Ma ) 80 00 and 81 N8 M Brnfay 2491 /0ty @9 11 (1308Ma

L[ \/113}2\.4], 1.0 IV L 0.1 0 \U\.zllj UL kalVl\-j}, OVv.77 aililud 01.VvO \L \_leJ.\./j}, O T.L 1 \L/J.l}, Al L \ \.alVle},

123.02 (=°C-C=0), 157.51 (CHs-"*C=), 162.64 (=C-'>C=0), 170.13 (CH-"*C=0). MS (m/z, %) : 313 (MH",
, 21

I (M-HCO,CMes, 90), 155 (211-H,C=CMe,, 100), 109 (211-HCO,CMes, 40). Anal. Caled. for
C

(31") 41): C,65.36: H. 9.03%. Found:
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656.0; H, 8.9%.

y VML, A1,

Dimethyl 2,5-dihydro-4-ethylfuran-2,3-dicarboxylate (3d)

Light-yellow oil, 0.35 g, 81 %. IR (neat) (Vmax, cm™) : 1744 and 1713 (C=0), 1653 (C=C). 'H NMR (90 MHz,
CDCls ): & = 1.13 (311, t, J=7.8 Hz, CH3), 2.70 (2H, q, J=7.8 Hz, CH,), 3.74 and 3.75 (6H, 2s, 20CHj), 4.87
(2H, m , CH,0), 5.37 (1H, m, CH); °C NMR (22.6 MHz, CDCl; ): & = 12.26 (CH3), 19.83 (CH,), 51.47 and
52.20 (20CH3), 79.08 (CH,0), 85.55 (CH), 122.28 (=3C-C=0), 159.50 (*C=C-C=0), 162.96 (CH-">C=0),
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171.11 (=C-"*C=0). MS (m/z, %) : 214 (M", 3), 155 (M"-CO,Me, 100), 123 (155-MeOH, 22), 95 (155-
r C10H1405(214.22) : C, 56.07; H, 6.59%. Found: C, 55.4;: H, 6.3%.
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Diethyl 2,5-dihydro-4-ethylfuran-2,3-dicarboxylate (3¢)
Light-yellow oil, 0.38 g, 78%. IR (neat) (Vmax, cm™') : 1741 and 1708 (C=0), 1655 (C=C). '"H NMR (90 MHz,
CDCi;3 ): 6 = 1.15 3H, t, /=7.8 Hz, CH3;), 1.30 and 1.35 (
CH>), 4.22 and 4.25 (4H, 2q, J=7.2 Hz, 2CH,0), 4.

88
MHz, CDCl; ): 6 = 11.16 (CH3), 13.07 and 13.10 (2CHj; ester ), 1
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77.98 (OCH,)- 84.56 (CH), 121.50 (="’C-C=0), 157.87 (*C=C-C=0), 161.38 (CH-">C=0), 169.60 (C=C-
BC=0). MS (m/z, %) : 242 (M, 2), 169 (M"-CO,Et, 100), 155 (169-CH,, 32), 141 (155-CH,, 55), 95 (169-
HCO;Et, 32). Anal. Caled. for C,H,305 (242.27) : C, 59.49; H, 7.49%. Found: C, 59.2; H, 7.1%.

Di-t-butyl 2,5-dihydro-4-ethylfuran-2,3-dicarboxylate (3f)

Light yellow oil, 0.45 g, 76%. IR (neat) (Vma, cm™) : 1736 and 1708 (C=0), 1655 (C=C). 'H NMR (90 Mhz,
CDCl;): = 1.16 (3H, t, /=7.8 Hz, CH3), 1.47 and 1.49 (18H, 2s, 2CMe3), 2.72 (2H, q, J=7.8 Hz, CH,),
4.84 (2H, m, CH;0), 5.18 (1H, m, CH); >C NMR (22.6 MHz, CDCl; ): & = 12.30 (CH3), 19.51 (CH,), 27.93
and 28.14 (6CH; of 2CMe3), 78.96 (CH,0), 81.12 and 81.20 (2C of 2CMes), 86.82 (CH), 124.08 (="°C-C=0),
157.35 (¥C=C-C=0), 161.91 (CH-"’C=0), 169.93 (=C-’C=0). MS (m/z, %) : 298 (M', 2), 197 (M'-
CO,CMes, 40), 183 (197-CHa, 30), 141 (197-H,C=CMe,, 100), 95 (197-HCO,CMes, 20). Anal. Calcd. for

) 3

CisH2605 (298.38) : C, 64.41; H, 8.78%. Found: C, 63.8; H, 8.5%.

Dimethyl 2,5-dihydro-3,5-dimethyl-4-phenylfuran-2,3-dicarboxylate (3g)
Colorless crystals, 0.46 g, 79%. Mp 89-90° C (ether). IR (KBr) (Vmax, cm'l) : 1738 and 1708 (C=0), 1668
8 =138 and 1.46 (6H H

7.10 (2CH3), 51.47 and
(ortho- and meta- CH),
(
\

CH-"C=0). MS (m/z

ix S TUNT e AVAS \JTE Ly

(1H, s, CH), 7.1-7.7 (5H, m, CeHs); *C NMR (22.6 MHz, CDCl; ): & = 26.96 an
5 ,92.93 (’CMe,), 124.44 (="°C-C=0), 127.62 and 128.

159.58 (="3C-Ph). 162 39 (=C- Be-0). 171.11
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%) : 290 (M", 6), 231 (M'-CO,Me, 100), 199 (231-MeOH, 62), 171 (231-HCO,;Me, 68). Anal. Calcd. for
C16H1505 (290.30) : C, 66.19; H, 6.25%. Found: C, 66.1; H, 6.2%.

Diethyl 2,5-dihydro-5,5-dimethyl-4-phenylfuran-2,3-dicarboxylate (3h)
Tioht vallowr nil 040 o 77% TR (neat) (v em D) - 1738 and 1707 (C=0) 1663 (C=C) 'H NMR (90 7
LAIBH-YTHIUW UL, V.7 g, /7 /70, LN lvaty { vimax, Vil f 1770 QLI L7V \w W)y BVUVD \WT s L8 ANIVAIN (P dVaa il

31 (6H, 2t, J=7.2 Hz, 2CHs), 1.39 and 1.48 (6H, 2s, 2CH3), 4.00 (2H, ABXj system,
.26 (2H, q, /=7.2 Hz, OCH,), 5.51 (1H, s, CH), 7.1-7.6 (5H, m, C¢Hs); 3C NMR (22.6 MHz, CDCl;
I
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C), 159.14 (="C-Ph), 162.27 (=C-‘3C=0), 170.58 (CH-"2C=0). MS (m/z, %) : 318 (M, 3), 245 (M'-CO,Et,
100), 199 (245-EtOH, 82), 171 (245-HCO,EL, 86). Anal. Calcd

Found: C, 67.7; H, 6.8%.

—
"1
®}

(318.36) : C, 67.90; H,6.97%.

-

Di-t-butyl 2,5-dinydre-3,5-dimethyi-d-phenyifuran-2,3-dicarboxylate (3i)
Light-yellow solid, 0.56 g, 75%. Mp 41° C (ether). IR (KBr) (Vay, cm']) 1734 and 1701 (C=0), 1659 (C=C).
'"H NMR (90 MHz, CDCl; ): & = 1.20 (9H, s, CMe3), 1.36 and 1.44 (6H, 2s, 2CHs), 1.51 (9H, s, CMe3)

1l 4 3]s 1220 alll 1.7 (UL, L3, SLW12 1R L V2

,5.32

(1H, s, CH), 7.0-7.5 (5H, m, C4Hs); "*C NMR (22.6 MHz, CDCI; ): 8 = 27.00 (CHis), 27.65 (3CHj; of CMe;)
27.89 (CH3), 28.00 (3CH3 of CMes3), 80.87 and 81.20 (2'°CMes), 83.93 (CH), 92.48 ('*CMe,), 126.76 (="*C-
C=0), 127.70 and 127.86 (ortho- and meta- CH), 127.95 (para- CH), 133.93 (ipso- C), 157.22 (=">C-Ph),

A sy 130_Ay wAQ 7. 0/ . 277L AATTT 1\ f\»"r AT n\.r '-1/\ l\
72 (CH-"C=0). MS (m/z, %) : 375 (MH ,1), 273 (M"-CO,CMe;s, 76), 2

r-r (274
H,C=CMe;, 100), 199 (273-Me3;COH, 55), 171 (273-HCO,CMe;s, 62). Anal. Calcd. for Cy3H3p05(374.46) : C,

70.56; H, 8.08%. Found: C, 70.4; H, 8.0%.
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