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Abstract: TiCl, promoted coupling of ethyl glyoxylate and dihydrofuran or dihydropyran provided
oxonium ion intermediates which upon reaction with a nucleophilic trapping agent such as
allyltrimethylsilane provided 2,3-disubstituted tetrahydrofurans and pyrans in good yields. The
overall protocol constitutes an efficient three component coupling reaction in one pot.
©® 1999 Elsevier Science Ltd. All rights reserved.

Functionalized tetrahydrofurans and tetrahydropyrans are embedded in many biologically

important natural products.' Consequently, a number of methods for the syntheses of 2,5-
disubstituted tetrahydrofurans and 2,6-disubstituted tetrahydropyrans have been developed and
utilized in the synthesis of a variety of bioactive compounds.’ However, the synthesis of 3-
substituted or 2,3-disubstituted tetrahydrofurans and tetrahydropyrans thus far, has received very
little attention. Of particular interest, there is no general method for the synthesis of 3-(B-carboxy-o-
hydroxymethyl)-tetrahydrofuran,  3-(B-carboxy-o-hydroxymethyl)-tetrahydropyran ~ or  their
corresponding 2-substituted derivatives. A number of previous reports deal with Lewis acid
catalyzed reactions of dihydropyran and aldehyde or acetal. Mukaiyama and co-workers have
investigated condensation of dihydropyran and acetal in the presence of TMSCI and tin (II) chloride.’
Sugimura and Osumi have reported BF;OEt, catalyzed cycloaddition of vinyl ethers and
isopropylidene D-aldose aldehyde.* Based on these reports, we envisioned that the reaction of
dihydrofuran and bidentate aldehyde such as ethyl glyoxylate in the presence of an appropriate
Lewis acid would provide a chelated oxonium ion intermediate (A) as illustrated in Scheme 1.
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Therefore, trapping of this oxonium ion by carbon nucleophiles may provide convenient access to
3-(B-carboethoxy-a-hydroxymethyl)-2-substituted tetrahydrofuran or tetrahydropyran derivatives.
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Herein we report that the initial treatment of ethyl glyoxylate and 2,3-dihydro-2H-furan or 3,4-
dihydro-2H-pyran in the presence of TiCl, followed by exposure of the resulting reaction mixture to
nucleophiles provided a number of 3-(B-carboethoxy-a-hydroxymethyl)-2-substituted
tetrahydrofuran or tetrahydropyran derivatives in excellent yields. The overall process not only
results in a three component carbon-carbon bond formation, the reaction also led to the creation of
three contiguous chiral centers in the condensation product.

Initial attempts of the TMSCI and tin (II) chloride promoted reaction of dihydrofuran and ethyl
glyoxylate failed to provide the desired condensation product. After surveying a number of Lewis
acids and reaction conditions, we found that the coupling reaction can be best carried out in the
presence of TiCly. Thus, freshly distilled ethyl glyoxylate (1 equiv)® and dihydrofuran (1.1 equiv) in
CH,Cl, were treated with commercial® TiCl, (1 M in CH,Cl,, 1.1 equiv) at -78°C for 1 h. After this
period, triethylsilane (3 equiv) was added and the resulting reaction mixture was continued to stir at
-78° to 23°C for 1 h before quenching with saturated aqueous NaHCO; solution. Standard workup
and flash chromatography over silica gel provided 3-(B-carboethoxy-o-hydroxymethyl)-
tetrahydrofuran 2 in 88% yield (1:1 mixture of diastereomers by 'H NMR). The feasibility of this
protocol was examined with dihydropyran and ethyl vinyl ether in the presence of a number of
nucleophiles. The results are summarized in Table 1.

When the oxonium ion intermediate resulting from the reaction of 2,3-dihydro-2H-furan and
ethyl glyoxylate was reacted with allyltrimethylsilane, the 2,3-disubstituted tetrahydrofuran derivative
3 was obtained in 89% as a mixture of diastereomers (entry 2). Jones oxidation of this mixture gave
the corresponding o-ketoester 4 as a 4:1 mixture of diastereomers. The relative ring stereochemistry of
the major keto ester was assigned to be trans based upon 'H NMR NOE studies.” When the oxonium
ion was reacted with methanol, a mixture of methyl glycosides 5 and 6 (entry 3) were isolated in 72%
combined yield. The reactions of 3,4-dihydro-2H-pyran and ethyl glyoxylate with triethylsilane,
allyltrimethylsilane and methanol also provided variously substituted tetrahydropyran derivatives 7-9
in comparable yields (entries 4-6). Reaction with allyltrimethylsilane furnished tetrahydropyran
derivatives 8 as a mixture of four diastereomers in 85% yield (entry 5). The ratio of cis and trans
isomers at the C-2 and C-3 positions was determined to be 1:1 after Jones oxidation of 8 to the
corresponding o-ketoesters. The reaction of the oxonium ion derived from dihydropyran and ethyl
glyoxylate with methanol afforded a mixture of methyl glycosides 9 (entry 6) in 65% yield.
Oxidation of the hydroxy group with TPAP exhibited a 2:1 mixture of anomers.'" Acyclic substrate
ethyl vinyl ether and ethyl glyoxylate under the above reaction conditions also provides excellent
yield of the corresponding coupling products (10 and 11; entries 7 and 8). The 'H NMR analysis of
product 11 revealed the presence of a 1:1 mixture of diastereomers.'' It should be noted that the
coupling in entry 4 with SnCl, in place of TiCl, afforded the coupling product 7 in only 19% isolated
yield. Furthermore, attempted reaction of dihydrofuran, benzaldehyde and allylsilane in the presence



Table 1. TiCl, promoted coupling reactions of ethyl glyoxylate with vinyl ethers.”
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@ All reactions were carried out as described in the text. ? Isolated yield. ¢ Determined by 'HNMR.
4 Determined after Jones oxidation (product4 X = CO). ¢ Determined after TPAP oxidation.

of TiCl, as described above (entry 2) resulted in product derived from allylsilane addition to

benzaldehyde (44% yield) and a complex mixture of unidentified products.

In summary, we have developed a novel three component coupling process for the synthesis of

3-(B-carboethoxy-a-hydroxymethyl)-2-substituted tetrahydrofuran and tetrahydropyran derivatives.

In light of the utility of structurally related 3-tetrahydrofuranylglycine, this new class of heterocycles
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may have important biological potential.'* Further studies including diastereo- and enantioselective
reactions are currently under investigation. The following example is representative of this procedure.

Preparation of tetrahydrofuran 3: To a mixture of freshly distilled ethyl glyoxylate® (2.0 mmol) and 2,3-
dihydrofuran (2.2 mmol) in dry CH,Cl, (5 mL) was added a solution of TiCl, (1 M in CH,Cl,, 2.2 mmol) at
-78°C, and the resulting mixture was stirred for 1 h. Allyltrimethylsilane (6.0 mmol) was added to the mixture at
-78°C and the resulting mixture was stirred at -78° to 23°C for 1 h. Reaction was quenched with aqueous
NaHCO, solution (5 mL) and was extracted with EtOAc (2 x 30 mL). The combined organic layers were dried
over Na,SO, and concentrated under reduced pressure. Flash column chromatography of the residue afforded the
tetrahydrofuran 3 derivatives (381 mg) in 89% yield. Standard Jones oxidation of 3 provided the corresponding
o-keto ester 4 (65% yield) as a mixture (4:1) of diastereomers: Major isomer: Rf = 0.19 (10% EtOAc in hexane);
IR (neat) 1758 (shoulder), 1734, 1265 cm™; '"H NMR (400 MHz, CDCL,) & 1.37 (3H, t, J = 7.1 Hz), 2.14 (1H,
m), 2.23 (1H, m), 2.34-2.47 (2H, m), 3.53 (1H, dt, /= 9.4 and 6.3 Hz), 3.82 (1H, m), 3.98 (1H, ddd, J =
8.6, 7.3, and 5.2 Hz), 4.15 (1H, q, J = 6.3 Hz), 4.33 (2H, q. J = 7.1 Hz), 5.08 (1H, dd, J = 10.3 and 2.0 Hz),
5.13 (1H, dd, J = 17.2 and 2.0 Hz), 5.78 (1H, ddd, J = 17.2, 10.3, and 7.1 Hz); '*C NMR (100 MHz, CDCl,)
5 14.0, 29.7, 39.1, 51.6, 62.6, 67.7, 80.3, 118.0, 133.8, 161.0, 194.0; MS (FAB) m/z 213 (M*+H). HRMS
m/z Calcd for C,,H;0, (M*+H) 213.1127. Found 213.1120.; Minor isomer: Rf = 0.16 (10% EtOAc in hexane);
'H NMR (400 MHz, CDCl3) 8 1.37 (3H, t, J = 7.2 Hz), 2.05 (1H, m), 2.10-2.20 (2H, m), 2.32 (1H, m), 3.77
(1H, m), 4.05 (1H, m), 4.09 (1H, td, J = 8.4 and 4.4 Hz), 4.30 (1H, m), 4.31 (2H, q, /= 7.2 Hz), 5.03 (1H,
dd, J = 16.0 and 1.5 Hz), 5.04 (1H, dd, J=11.3 and 1.5 Hz), 5.74 (1H, m); *C NMR (100 MHz, CDCl,) §
13.9, 28.2, 36.0, 49.5, 62.7, 67.1, 80.2, 117.9, 134.0, 161.0, 193.6.
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