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FIGURE 1. Representative 1-hydroxyfurofuran lignans.
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\ Because of interesting structural features and their biological
importance, a number of synthetic methodologies of the
furofurans have been reportétlowever, only a few approaches
have been on the 1-hydroxyfurofuratid? As part of our
ongoing research on the synthetic utilization of vicinal dianions
derived fromo-aroylsuccinates, a general route to (8a@n9)-

A general strategy for stereoselective synthesis of 1-substi-(4,5-<Cis)-a-aroylparaconic estefrom these vicinal dianions
tutedexgendo2,6-diaryl-3,7-dioxabicyclo[3.3.0]octanes in-  With arorgatm aldehydes in the presence of Znlias been
cluding &)-gmelinol from (2,3trans)-(4,5-cis)-a-aroylpara- reported'® Compounds of pré havg been shown as versatile
conic esters, which are readily obtained from the reaction Precursors for the preparationafarylidenes-butyrolactones;=

of vicinal dianions derived from-aroylsuccinic esters with (i)-thurlfenc;l?cmd ethyl ester, its analogues, an)-picro-
aromatic aldehydes, is described. The synthetic sequencé’OdOphy”on. #In this note, we report an efficient and general
. - o . ! Stereoselective strategy to 1-hydrosygendae?2,6-furofurans,
involves a-methylation ora-hydroxylation, reduction, bis-

| N d reduction foll d by furof f - ()-gmelinol @), and its derivatives as well as to 1-methylated
actonization, and reduction followed by furofuran formation. analogues, starting from (3tang)-(4,5-cis)-a-aroylparaconic

esters6 (TC-isomers).

Furofurans containing the 2,6-diaryl-3,7-dioxabicyclo[3.3.0-  Our investigation began with the synthesis of &-c by
octane skeleton are an important class of natural lignans that'®acting vicinal dianions derived from the corresponding
have shown a wide range of biological activities, such as a-aroylsuccinic gster’éa,b with aromatic a_Idehydes. Th_e desired
antitumor, antihypertensive, anti-inflammatory, insecticidal, and -aroylparaconic esteréa—c were obtained as a mixture of
platelet-activating factor antagonist activities. These types @ (a) Piccinglll, A. L. Arana, S.; Caceres, A Nat, Prod 2004 67
of compounds possess the 2,6-diaryl substl'guents_ on the exo,~ 13 Y140. (b) Gu. J. Q Wané, V. Franzblan, S. G.: Momenegré’ G
exo; exo,endo; or endo,endo face of the 3,7-dioxabicyclo[3.3.0]- vang, D.; Timmermann B. NPlanta Med 2004 70, 509-514.
octanes. Furofurans with a hydroxy group at the bridgehead (5) (a) Cambie, R. C; Lal, A. R.; Rutledge, P. S.; Wellington, K. D.

i ; Biochem. Syst. Ecoll997 25, 565-566. (b) Tsukamoto, H.; Hisada, S.;
position such a§7compounds—4 (Figure 1) have also been Nishibe, S.Chem. Pharm. Bull1985 33, 19321241,
found in nature’. (6) Griffith, R.; Chanohen, R.; Leach, S. P.; Keller, P.Bioorg. Med.
Chem. Lett2002 12, 539-542.
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TABLE 1. Preparation of (3,4+trans)-(4,5<is)-a-Aroylparaconic Esters 6a—c

6 TC-6,
5 Ar2CHO (% yield, diastereomeric ratid) % yield®
5a benzaldehyde 6a, (80, 77:7:14:2) 60
5b 3,4-dimethoxybenzaldehyde 6b, (70, 83:1:13:3) 57
5b 3,4-methylenedioxybenzaldehyde 6c, (77, 82:trace:15:3) 65

a]solated yield and ratios determined By NMR (see also the Supporting Informatiof)Yield of the pure (3,4-trans)-(4,5-cis) isomer ®f(TC-6)

obtained after recrystallization.

SCHEME 12
0o o 0,
EO,C,  M—a(!
Ar! OEt abe | —
OEt g,
AT Y070
[e) TC-6a-¢
5a Ar! = Phenyl 6a Ar' = Ar? = Phenyl

6b Ar' =Ar2= 3,4-Dimethoxyphenyl
6¢ Ar! =3 4-Dimethoxyphenyl;
Ar? = 3 4-Methylenedioxyphenyl

5b Ar' = 3,4-Dimethoxyphenyl

aReagents and conditions: (a) 2 LDA, THF78°C, 1 h; (b) ARCHO,
ZnCl,, —78 °C to room temperature, overnight;)( N HCI.

o Af 0 arl O Arl
EtO 7~ ONE Q EtO /=0
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FIGURE 2. Enolate anion6A and the proposed cerium complex
intermediate6B of compound6.

TABLE 2. Results Obtained from Scheme 2

7o0r8 9o0r10 1lor12 13o0rl14 15o0rl16aand4

TC6 (%) (%) (%) (%) (%)
TC-6a 7a(95) 9a(80) 11a(99) 13a(65) 15a(65)
TC-6b  7b(74) 9b(86) 11b(77) 13b(63) 15b (47)
TC-6c  7¢(90) 9c(57) 11c(57) b b
TC-6a 8a(79) 10a(80) 12a(86) 14a(59) 16a(62)
TC-6b 8b(71) 10b(73) 12b(74) 14b(60) 4(63)
TC-6c  8c(48) 10c(49) 12c¢(52) b b

a|solated yield. All products were obtained as a single stereoisomer.
b The reactions were not performed.

diastereomers in 70, 80, and 77% yields, respectively. The pure

TC-6a—c were obtained after recrystallization in 60, 57, and
65% vyields, respectively, as shown in Scheme 1 and Table 1.
Having the required starting-aroylparaconic estesin hand,
we carried out the synthesis exgendafurofurans of typed5
(R = Me) and16 (R = OH) by base-catalyzed methylation of
TC-6a—c employing NaH and CHl in THF!3¢ to afford the
expected producfga—c in good yields as a single stereoisomer.
The stereoselective methylation of the enolate a6ilsrfFigure
2) derived from TC6 occurs from the less-hindered side, to
avoid the steric interaction with the carboethoxy group at the
4-position. Similarly,a-hydroxylation of TCéa—c could be
achieved by treatment with 0n the presence of Ceg€VH,O
in i-PrOH*15 (for 6a) or in a 1:1 mixture of-PrOH and DMF
(for 6b,c) at 65°C for 20 h to furnish a single stereoisomer of
the corresponding-hydroxylated product8a—c in moderate
to good yields. This could be explained by the fact that oxygen
reacts exclusively with a cerium complex intermedi&®
(Figure 2) from the less-hindered sitleThe results are
summarized in Scheme 2 and Table 2.
Our next task was to study stereoselective reduction of
y-lactones7 and 8 to the required hydroxy derivativesand
10 which were expected to undergo lactonization to yield
exgendaobislactonedl1 and12. Good yields of highly stereo-
selective reduction offa leading to a mixture of hydroxy
y-lactone9a and exgendabislactonella were achieved by
using NaBH (3 equiv) and CeGt7H,O (1 equiv) in a 1:1

FIGURE 3. Observed NOE fodla

mixture of CHCl,/MeOH at 0°C for 3 h. Both compounds
were obtained as a single diastereomer after chromatography.
Careful workup of the reaction provided only the hydroxy
y-lactone9ain 80% vyield after chromatography. By using the
same reduction conditions, we prepared hydrg}gctoneb,c
and10a—c from the correspondingb,c and8a—c in moderate
to good yields, as listed in Table 2. LactonizatiorBaf-c and
10a—cin the presence of a catalytic amoun{pefsOH in CH-
Cl, at room temperature furnished the desiredgende
bislactoneslla—c and 12a—c in moderate to excellent yields
(Table 2). The relative stereochemistry at positions 5 and 6 of
the exgendahislactoneslla was assigned by nuclear Over-
hauser effect (NOE) experiments (Figure 3). A single-crystal
X-ray crystallography finally confirmed the relative stereo-
chemistry of11a16

To complete the synthesis of the furofurdris 16a and ()-
gmelinol @), reduction ofexgendcbislactoned 1ab and12ab
to tetraols13ab and pentaold4ab, followed by cyclization
to the expected furofurans, has to be achieved. Thus, from
reduction ofl1ab and12ab, the compound&3ab and14ab,
respectively, were obtained in 585% yields by employing
lithium aluminum hydride in refluxing tetrahydrofuran. Cy-
clization of 13ato the expected furofurans was first attempted
with methanesulfonyl chloride in a mixture of pyridine and£H
Cl'7 at 0°C to provideexagendofurofuran15ain 65% yield

(14) Christoffers, J.; Werner, TSynlett2002 119-121.

(15) For a mechanism for hydroxylation gtdicarbonyl compounds
employing Q/CeCk-7H,0 ini-propanol, see: Christoffers, J.; Werner, T.;
Unger, S.; Frey, WEur. J. Org. Chem2003 425-431.

(16) For crystallographic data and CIF files fafda and 4, see the
Supporting Information.

(17) Yoshida, S.; Ogiky, T.; Ohmizu, H.; Iwasaki, I..0Org. Chem1997,
62, 1310-1316.
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SCHEME 2. Synthesis of Compounds #16*
Q HO,
EtO,C Ar! EtO,C r—Ar!
TC6ae % o — R —0 . R
2
APT N So AT No" o
CC-7 (R =Me) 9 (R =Me)
CcC-8 (R = OH) 10 (R — OH)

15 (R=Me)

16a (R = OH) and ()-gmelinol (4) 13 (R=Me)

14 (R = OH)

11 (R = Me)
12 (R =OH)

aReagents and conditions: (a) 1 equiv of NaH@ 1 h, then 2 equiv of Mel, OC to room temperature, 16 h for the preparatiory cdnd 40 mol %
of CeCk-7H;0, O, i-PrOH/DMF (1:1), reflux, 20 h for the preparation 8f (b) 3 equiv of NaBH, 1 equiv of Ced-7H,0, 65°C, CH,Cl,/MeOH (1:1),
0°C, 3 h; (c)p-TsOH (cat.), CHCI,, room temperature, 24 h; (d) 10 equiv of LIMHTHF, 65°C, 5 h; (e) 5 equiv of MsCI, pyridine, Ci€l,, 0 °C to room

temperature, 16 h.

4%

3%

FIGURE 4. Observed NOE fod5a

after purification. A low yield of15a was achieved when
p-toluenesulfonyl chloride in a mixture of pyridine and €H
Cl, was used. Under the standard conditions, 1-substituted
exgendofurofurans15ab, 16a and4 were prepared in 47

Experimental Section

Preparation of Ethyl (2R*,3R*,4R*)-4-Hydroxy-4-(3,4-dimeth-
oxybenzoyl)-2-(3,4-dimethoxyphenyl)-5-oxotetrahydrofuran-3-
carboxylate (8b). A pure diastereomer T6Gb (212.2 mg, 0.4629
mmol) was added to a suspension of Ge,O (69.0 mg, 0.1852
mmol) in 2-propanol (1.5 mL) and DMF (1.5 mL). The flask was
evacuated twice and flushed with, ®ach time, and the reaction
mixture was stirred for 20 h at 6% under flush of @. The mixture
was diluted with water (50 mL) and extracted with EtOAc{%0
mL). The combined organic layers were washed with water and
brine and dried over anhydrous }&0,. After removal of solvent
under reduced pressure, the crude product was purified by prepara-
tive thin-layer chromatography (Si040% EtOAc in hexanes) to
give a white solid of CGb [156.7 mg, 71% yield; mp 178179
°C (EtOAc —hexanes)]. IR (Nujol): vmax 3294s, 1789s, 1720s,
1655m, 1593m, 1578m, 1518s, 1464séntH NMR (400 MHz,
CDCl; + CD30OD): 6 7.95 (dd,J = 8.6, 2.0 Hz, 1H), 7.64 (d] =
2.0 Hz, 1H), 6.96-6.75 (m, 4H), 5.97 (dJ = 6.0 Hz, 1H), 3.90,
3.88, 3.85, 3.81 (each s, 3H), 3.70 &= 6.0 Hz, 1H), 3.63 (g,
= 7.1 Hz, 2H), 0.77 (tJ = 7.1 Hz, 3H).13C NMR (100 MHz,

65% yields. The relative stereochemistries at positions 5 and 6cpcl; + CD;0OD): 6 192.9, 172.2, 168.6, 154.3, 149.7, 149.4,

of 15ab, 163 and4 were assigned by analysis of the coupling
constants between H-5 and H-8.{ = 6.2—6.5 Hz) that
appeared as doublets for each protor) &.99-5.27 ppm in
theH NMR spectra. The exo,endo stereochemistrgsdwas
supported by NOE experiments (Figure 4), and single X-ray
crystallographic data of confirmed its relative stereochemis-
try.16

The spectral datalfi and 13C NMR, IR) of our synthetic
product ()-exgendafurofuran4 are identical with those of
the antimalarial agent gmelinol, previously isolated from the
heartwood ofGmelinavitiensis®®

In conclusion, we have developed a general method for the
preparation of 1-methylated and 1-hydroxylateddgexo
furofurans, including-)-gmelinol @) starting from (3,4trans)-
(4,5<is)-a-aroylparaconic esters. This method is amenable to
a considerable variation because both aryl groupsafoylpara-
conic esters can be varied, and the introduction otiesub-

stituent at the 3-position of these compounds can be easily

149.0, 127.7,127.4,126.8,118.8, 113.3, 111.5, 110.4, 109.5, 84.6,
79.3, 61.6, 60.1, 56.6, 56.5, 56.4, 13.9. M8Vz (%) relative
intensity 475 (M + 1, 4), 474 (M', 16), 236 (15), 182 (15), 166
(29), 165 (100). HRMS (ESI-TOF): calcd for,g260;0Na (M*

+ Na), 497.1424; found, 497.1418.

Preparation of Ethyl (2R*,3R* 4R*)-4-Hydroxy-4-[ o-(R*)-
hydroxy-3,4-dimethoxybenzyl]-2-(3,4-dimethoxyphenyl)-5-
oxotetrahydrofuran-3-carboxylate (10b). A solution of CeC}-
7H,O (1.7479 g, 4.6913 mmol) in methanol (4.5 mL) was added
to a solution of CC8b (1.4856 g, 3.1312 mmol) in a mixture of
methanol (15 mL) and C}Cl, (15 mL). NaBH, (355.5 mg, 9.3973
mmol) was then slowly added at°C under an argon atmosphere.
After stirring for 3 h at 0°C, the reaction mixture was quenched
with a saturated NECI solution (25 mL) and diluted with water
(50 mL), ard 2 N HCl was added until the reaction mixture became
clear. The mixture was extracted with EtOAc £350 mL). The
combined organic layers were washed with water and brine and
dried over anhydrous N8O,. After removal of solvent under
reduced pressure, the crude product was purified by column
chromatography (Si§) 40% EtOAc in hexanes) to give a white
solid of 10b as a single isomer [1.0833 g, 73% yield; mp 189

prepared with high diastereoselectivity. The syntheses of other1gg°c (Et0Ac—hexanes)]. IR (NUjol):vmax 34825, 1782s, 1723s,

furofuran lignans both in racemic and enantiomeric forms related
to gmelinol are in progress.
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1606w, 1593w, 1514s, 1463s cin'H NMR (300 MHz, CDC}
+ CDsOD): ¢ 7.21 (app. dJ = 1.4 Hz, 1H), 7.13-7.09 (m, 1H),
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7.00-6.93 (m, 4H), 5.91 (dJ = 5.4 Hz, 1H), 5.11 (s, 1H), 3.87  12.4, 6.9 Hz, 1H), 3.873.77 (m, 1H), 3.84, 3.82, 3.81 and 3.80
(s, 3H), 3.83 (s, 6H), 3.82 (s, 3H), 3:88.68 (M, 2H), 3.50 (dJ (each's, 3H), 3.62 (dl = 11.7 Hz, 1H), 3.57 (dJ = 11.7 Hz, 1H),
= 5.4 Hz, 1H), 0.84 (tJ = 7.2 Hz, 3H)23C NMR (75 MHz, CDC} 2.33 (app. dJ = 6.5 Hz, 1H).2*C NMR (75 MHz, CDC} + CDs-
+ CDsOD): ¢ 173.9, 169.1, 148.7, 148.7, 148.6, 148.3, 130.7, OD): 6 150.2, 149.84, 149.79, 149.1, 139.3, 135.2, 122.2, 118.9,
127.1,120.8, 117.9, 111.7, 110.8, 110.4, 108.6, 80.6, 79.1, 72.8,113.6, 112.6, 112.0, 110.8, 79.0, 76.6, 72.4, 65.7, 59.3, 56.6, 56.5,
60.7, 57.9, 55.7, 55.7, 13.3. MS1z (%) relative intensity 474 56.4, 53.3. MS:mVz (%) relative intensity, 438 (M+ 1, 0.1), 177
(M+, 0.1), 310 (45), 219 (30), 191 (100), 167 (45), 166 (56), 165 (33), 167 (100), 166 (50), 151 (37), 139 (82). HRMS (ESI-TOF):
(89), 151 (59), 139 (47). Anal. Calcd for£,40;0: C, 60.50; H, calcd for G;H3gO9Na (M* + Na), 461.1788; found, 461.1788.
5.92. Found: C, 60.20; H, 5.92. ) _ Preparation of (1R*2R*5R*,6R*)-2,6-Bis(3,4-dimethoxy-
Preparation of (1R*,2R*,5R*,6R*)-2,6-Bis(3,4-dimethoxy- phenyl)-1-hydroxy-3,7-dioxabicyclo[3.3.0]octane [)-gmelinol]®
phenyI)_—1-hydroxy-4,8-d|oxo-3,7-d|oxab|cyclo[_3.3.0]octane (12b). (4). To a solution of14b (74.0 mg, 0.1688 mmol) in Cil, (2
A solution of 10b (1.0833 g, 2.2832 mmol) in Ci&l, (22 mL) mL) containing a pyridine (0.2 mL, 2.4955 mmol) was added a
and a catalytic amount g TSOHH0 (183.2 mg, 0.9631 mmol)  ggjytion of MsCI (0.1 mL, 1.3196 mmol) in Gi&l, (0.5 mL) at 0
was stirred at room temperature overnight (16 h) under an argonec ynder an argon atmosphere. The reaction mixture was stirred
atmosphere. The_ reaction mixture was diluted W|th_ water (30 _mL) and slowly warmed to room temperature overnight (16 h). The
and extracted with EtOAc (3 30 mL). The combined organic  miytyre was diluted with N&CI (10 mL) and water (10 mL) and
layers were washed with water and brine and dried over anhydrousgyiracted with EtOAC (3< 25 mL). The combined organic layers
NagSO;. After removal of solvent under reduced pressure, the crude \yere washed with water and brine and dried over anhydrous Na
product was purified by column chromatography ($i€0% EtOAc SO,. After removal of solvent under reduced pressure, the crude
In hexanes) to give a white solid a2b [0.8054 g, 74% yield, mp o4yt was purified by column chromatography (SiED% EtOAC
208-209°C (EtOAC_heXanes)]. |R1(NUjO|).’VmaX 3411w, 1770s, in heXaneS) to giVe a white solid Oﬂ:Q-gmeIinOI (4) [431 mg,
1609w, 1594W, 1524s, 1463s chH NMR (300 MHz, CDC} 63% yield; mp 153-154°C (EtOAc—hexanes)]. IR (NUjol): Vmax
+ CD;0D): 0 7.05-6.94 (m, 2H), 6.936.80 (m, 4H), 5.73 (S, 35445 1607w, 1590m, 1519s, 14615 émH NMR (300 MHz,
1H), 5.68 (d,J = 5.3 Hz, 1H), 3.87 and 3.86 (each s, 3H), 3.85 (s, CDCl): 6 7.00-6.80 (m, 6H), 5.23 (dJ = 6.3 Hz, 1H), 4.60 (s
3H), 3.60 (dJ = 5.3 Hz, 1H)C NMR (75 MHz, CDCk + CDs- 111y "4'53' (4 ] = 9.3 Hz, 1H), 3.98 (dd] = 9.3, 9.3 Hz, 1H), 3.92
OD): ¢ 174.4, 173.0, 149.8, 149.7, 149.4, 149.0, 129.2, 124.2, and 3.91 (each s, 3H), 3.90 (s, 6H), 3.72de: 9.3 Hz, 1H), 3.32

119.4, 118.7, 111.1, 111.0, 110.0, 108.7, 84.4, 81.1, 79.7, 77.2
: ' ' . 110.0, 108.7, 84.4, 81.1, 79.7, 77.2,(4q 3=9.3, 9.3 Hz, 1H), 3.183.08 (M, 1H)13C NMR (75 MHz,
55.9, 55.8, 55.7. MSm'z (%) relative intensity 430 (W, 5), 428 E:ch): 5 149.5, 149.5), 149.0, 1455.2, 13()).6, 127.7,(119.1, 117.7,

(53, 231 (A1), 218 (81, 205 (44I)’d2f0?2§(;—1|2)(’)2l\?3 (32), 167 (38) 1115/111.2,110.1, 109.0, 909, 88.9, 813, 75.9, 68.5, 57.4, 56.0,
(100). (ESI-TOF): calcd for£Hz20sNa ( ). 5599, 55.95. MS:m/z (%) relative intensity 403 (M + 1, 15),

453.1162; found, 453.1146.
Preparation of (1R*,2S*,3R*,4R*)-2,3-Bis(hydroxymethyl)- i’gi Egﬂ;) 65), 221 (57), 179 (58), 177 (100), 166 (46), 165 (89),

1,4-bis(3,4-dimethoxyphenyl)- 2-hydroxybutane-1,4-diol (14b).
A solution of 12b (63.9 mg, 0.1485 mmol) in THF (2 mL) was .
slowly added to a suspension of LiAlH56.3 mg, 1.4846 mmol) Acknowledgment. We thank the Thailand Research Fund

in THF (2 mL) at 65°C under an argon atmosphere. After refluxing for financial support to M.P. (BRG/22/2544) and P.K.
for 5 h, the reaction mixture was allowed to cool t6®, quenched (TRF4780020 and RSA4780020), as well as for the award of a
with 10% NaOH (3 mL) and water (15 mL), and stirred for an Senior Research Scholar to V.R. Thanks are also made to the
additional 10 min. The insoluble materials were filtered through a Higher Education Development Project, Postgraduate Education
Celite pad and eluted with THF. After removal of solvent under and Research Program in Chemistry (PERCH), for support.
reduced pressure, the crude product was purified by column
chromatography (Si§) 40% EtOAc in hexanes) to give a yellow
solid of 14b [38.9 mg, 60% yield; mp 182183 °C (EtOAc—
hexanes)]. IR (Nujol):vmax 3553s, 3261s, 1610w, 1592m, 1516s,
1464s cm?. 'H NMR (300 MHz, CDC} + CD3OD): 6 7.21 (s,
1H), 7.07-6.85 (m, 5H), 5.34 (s, 1H), 4.95 (s, 1H), 3.92 (dd= JO0519110

Supporting Information Available: General experimental
details and spectral data for all compounds. This material is
available free of charge via the Internet at http://pubs.acs.org.
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