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Stereoselective synthesis of antitumor tetrahydrofuran
(+)-goniothalesdiol was achieved in high overall yield from
(-)-D-tartaric acid. Key features include an FeCl3 mediated
THF formation with very high selectivity. Synthesis of
natural gonithalesdiol and its analogue 2,5-bis-epi-goniotha-
lesdiol was achieved from a common intermediate.

The tetrahydrofuran backbone is a ubiquitous heterocyclic
unit found in a number of biologically active natural products
such asAnnonaceaeacetogenins1 and polyether antibiotics.2

Goniothalesdiol(1), isolated from the bark of the Malaysian
treeGoniothalamus borneensis, is another type of tetrahydro-
furan having a 3,4-dihydroxy 2,5-dialkyl substitution.3 The
widespread antitumor activity commonly exhibited by the
styryllactones is also associated with this compound and is found
to show promising activity against P388 mouse leukemia cells.4

Four syntheses of this bioactive tetrahydrofuran have been
reported, and a formal approach has also been disclosed. A
chiron approach starting fromD-glucuronolactone5 andD-man-
nitol6 were disclosed by Yoda et al. and Babjak et. al. However,
both these methods employ either a lengthy reaction sequence
(16 steps from glucuronolactone for the unnatural goniothales-
diol) or a nonstereoselective process from mannitol, which
involves the separation of diastereomers. The elaboration ofanti-
aldol adducts from erythrulose was the key step in the approach
for the formal synthesis of goniothalesdiol by Murga et al.7

Sharpless catalytic asymmetric epoxidation and Sharpless asym-
metric dihydroxylation reactions were utilized in the recent
synthesis reported by Yadav et. al., starting from cinnamyl
alcohol.8 More recently, Carreno et. al. have reported the syn-
thesis starting from tartaric acid ester, involving a sulfoxide
strategy pioneered by Solladie.9

Our approach to the synthesis of goniothalesdiol1 was based
on an intramolecular stereospecific cyclization of the hydroxy
tosylate5a of 1,4-diol 5 (Scheme 1). It was envisaged to syn-
thesize the required hydroxy tosylate5a from the silyloxyketone
4, which can easily be obtained from tartaric acid. It was also
visualized that altering the sequence of intramolecular ether
formation, that is, the regioselective cyclization of the hydroxy
tosylate 5b would lead to the synthesis of goniothalesdiol
analogue2.

The synthetic sequence was started with the silyloxyketone
4, which was readily obtained from the bisdimethylamide of
tartaric acid3, employing a combination of selective Grignard
additions and a stereoselective reduction.10 Reduction of ketone
4 with L-selectride produced the alcohol6 with very high
selectivity.11 Alcohol 6 was protected as its methoxy methyl
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SCHEME 1. Retrosynthesis for Goniothalesdiol
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ether (MOM)7 with chloromethoxy methyl ether in the presence
of diisopropylethylamine and a catalytic amount of DMAP in
97% yield. Treatment of7 with tetrabutyl ammonium fluoride
(TBAF) yielded the alcohol, which underwent smooth tosylation
to yield the corresponding tosylate8 in 94% yield. Deprotection
of the MOM ether in8 was envisioned to yield the hydroxy
tosylate5a, a precursor for the Williamson ether formation.
However, we were pleased to find that the reaction of8 with
FeCl3‚6H2O12 resulted in the simultaneous deprotection of MOM
and acetonide as well as cyclization to form the tetrahydrofuran
9 in 66% yield as a single diastereomer. As for the mechanism,
on the basis of the observed high stereoselectivity, we believe
that the reaction is proceeding through a SN2-type substitution.13

Tetrahydrofuran9 was transformed into its silyl ether10, which
was then subjected to the ozonolysis under modified Criegee
conditions.14 Ozonolysis in MeOH/dichloromethane (DCM),

followed by treatment of the resultant methoxyhydroperoxide
with acetic anhydride/Et3N/DMAP in refluxing benzene, pro-
duced the goniothalesdiol bis silyl ether11 in 66% yield along
with 22% of the corresponding aldehyde. Deprotection of the
silyl ether in11 produced the natural enantiomer of goniotha-
lesdiol (+)-1 in 75% yield. Synthetic1, [R]D +7.1 (c 0.3, EtOH),
lit 3 [R]D +7.5 (c 0.23, EtOH), showed physical and spectro-
scopic data identical to those described for the natural (+)-
goniothalesdiol (Scheme 2).

Regioselective hydroxy tosylate5b was synthesized employ-
ing simple synthetic transformations. Attempts to convert the
hydroxy tosylate5b into the tetrahydrofuran by NaH mediated
ether formation were unsuccessful, which can be attributed to
the strain involved in the formation of the 5,5-trans ring junction.
It was gratifying to find that the reaction of hydroxy tosylate
5b with FeCl3‚6H2O cleanly produced the tetrahydrofuran12
in very high yield with complete selectivity. Ozonation of the
terminal olefin in12 in MeOH/DCM, followed by treatment of
the resultant methoxyhydroperoxide with acetic anhydride/Et3N/
DMAP in refluxing benzene, produced methyl ester13 in 70%
yield. Deprotection of the acyl groups under standard conditions
produced (+)-2,5-bis-epi-goniothalesdiol2 (Scheme 3).

In summary, an efficient stereoselective synthesis of natural
(+)-goniothalesdiol was accomplished starting fromD-tartaric
acid. A convenient and general method for the stereoselective
synthesis of substituted tetrahydrofuran was developed. In the
present sequence, starting from the tartaramide3, goniothalesdiol
and 2,5-bis-epi-goniothalesdiol were obtained in∼20 and 28%
overall yields, respectively.

Experimental Section

Preparation of (2S,3S,4S,5R)-2-(But-3-enyl)-tetrahydro-5-
phenylfuran-3,4-diol (9): To a solution of8 (0.65 g, 1.3 mmol)
in dry DCM (16 mL) was added FeCl3‚6H2O (1.43 g, 5.3 mmol)
under an argon atmosphere. After stirring for 2 h at room
temperature, it was filtered through a pad of Celite, and the Celite
pad washed with ether (20 mL). The ethereal layer was washed
with a saturated solution of NaHCO3 (10 mL) and brine (20 mL)
and dried (Na2SO4). Evaporation of the solvent and silica gel
column chromatography of the residue using petroleum ether/ethyl
acetate (6:4) as an eluent yielded the tetrahydrofuran9 (0.21 g,
66%) as a white solid: mp 124-126°C; [R]D +21.5 (c 0.9, CHCl3);
IR (neat) 3565, 3405, 2915, 1641, 1562, 1392, 1286, 1110, 1022,
912, 759 cm-1; 1H NMR (300 MHz, CDCl3) δ 1.54-2.05 (m, 4H),
2.10-2.42 (m, 2H), 3.96-4.24 (m, 3H), 4.62 (d, 1H,J ) 3.9 Hz),
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SCHEME 2. Stereoselective Synthesis of
(+)-Goniothalesdiol

SCHEME 3. Synthesis of (+)-2,5-bis-epi-Goniothalesdiol
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4.88-5.20 (m, 2H), 5.88 (ddt, 1H,J ) 16.8, 10.2, 6.6 Hz), 7.216-
7.58 (m, 5H);13C NMR (CDCl3, 75 MHz)δ 27.9, 30.2, 79.2, 80.7,
85.5, 86.2, 115.1, 125.9, 127.8, 128.6,138.1, 140.1; HRMS for
C14H18O3 + Na calcd, 257.1156; found, 257.1154.

Preparation of Goniothalesdiol bis-tert-Butyldimethylsilyl
Ether (11): Ozone was bubbled through a pre-cooled (-70 °C)
solution of10 (0.12 g, 0.26 mmol) in MeOH/DCM (1:9; 15 mL),
containing a trace of NaHCO3 (80 mg), until the pale blue color
persisted. Excess ozone was flushed off with oxygen. The solvent
was evaporated under reduced pressure, and the residue was
dissolved in dry benzene (12 mL). Triethylamine (0.4 mL, 2.6
mmol), acetic anhydride (0.2 mL, 1.82 mmol), and a catalytic
amount of DMAP (16 mg) were added to the reaction mixture and
refluxed for 4 h. It was then cooled, diluted with water (10 mL),
and extracted with ether (3× 10 mL). The combined ethereal
extract was washed with brine (15 mL) and dried (Na2SO4).
Evaporation of the solvent and silica gel column chromatography
of the residue using petroleum ether/ethyl acetate (96:4) as an eluent
yielded11 (0.085 g, 66%) as colorless oil: [R]D +19.8 (c 1, CHCl3);
IR (neat) 2954, 2929, 2857, 1743, 1650, 1562, 1470, 1390, 1257
cm-1; 1H NMR (300 MHz, CDCl3) δ -0.13 (s, 3H),-0.04 (s,
3H), -0.02 (s, 3H), 0.00 (s, 3H), 0.76 (s, 9H), 0.85 (s, 9H), 1.80-
2.28 (m, 2H), 2.38-2.66 (m, 2H), 3.61 (s, 3H), 3.84 (dd, 1H,J )
3.0, 1.5 Hz), 3.95 (s, 1H), 4.08 (dt, 1H,J ) 7.8, 4.5 Hz), 4.65 (d,
1H, J ) 1.5 Hz), 7.08-7.30 (m, 3H), 7.34 (d, 2H,J ) 7.2 Hz);
13C NMR (75 MHz, CDCl3) δ -5.1, -4.54, -4.49, -4.4, 17.8,
18.0, 24.7, 25.6, 25.7, 31.1, 51.5, 80.0, 81.1, 85.5, 88.9, 126.7,
127.1, 128.0, 141.0, 174.1; HRMS for C26H46O5 Si2 + Na calcd,
517.2784; found, 517.2782.

Preparation of (+)-Goniothalesdiol (1): To a solution of11
(76 mg, 0.15 mmol) in dry THF (4 mL) cooled to 0°C was added

TBAF (0.2 g, 0.6 mmol). The solution was slowly allowed to warm
to room temperature. After stirring for 2 h at room temperature,
saturated NH4Cl (3 mL) was added, and the solution was extracted
with ether (3× 10 mL). Combined ethereal extracts were washed
with brine (15 mL) and dried (Na2SO4). To the residue obtained
after evaporation of solvent was added dry MeOH (3 mL) and
Amberlyst-15 (0.12 g) and stirred for 1 h atroom temperature. It
was passed through a pad of Celite. Evaporation of the solvent
and silica gel column chromatography of the residue using
petroleum ether/ethyl acetate (1:1) as an eluent afforded goniotha-
lesdiol (31 mg, 75%) as a yellow oil: [R]D +7.1 (c 0.3, EtOH),
lit 3 [R]D +7.5 (c 0.23, EtOH); IR (neat) 3448, 2930, 1735, 1588,
1454, 1370, 1234, 1176, 1072, 904, 856, 702 cm-1; 1H NMR (300
MHz, CDCl3) δ 1.98-2.26 (m, 2H), 2.35-2.80 (m, 4H), 3.69 (s,
3H), 4.02-4.21 (m, 3H), 4.61 (d, 1H,J ) 4.8 Hz), 7.22-7.48 (m,
5H); 13C NMR (75 MHz, CDCl3) δ 23.6, 30.5, 51.9, 79.0, 80.7,
85.3, 86.2, 126.1, 127.8, 128.5, 139.9, 174.6; HRMS for C14H18O5

+ Na calcd, 289.1054; found, 289.1052.
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