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The total synthesis of (—)-dihydrocorynantheol (3) has been achieved using a potentially
useful chiral synthon, thioketal carboxylic acid (8), derived from (R)-1,2-isopropylideneglycer-
aldehyde (4) in 7 steps.
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In connection with a project devoted to the total synthesis of natural products, we have
been interested in the enantioselective synthesis of Corynanthe-type indole alkaloids using
carbohydrates as starting materials. Recently we reported the enantioselective syntheses of
(—)-antirhine (1)V and (4 )-dihydroantirhine (2),” a unique Corynanthe variant indole
alkaloid, via the B,y-unsaturated aldehyde (6) and the a,f-unsaturated aldehyde (7) using a
potentially useful chiral synthon, (3R)-[3-hydroxy-(E)-prop-1-enyljcyclopentanone (5)* de-
rived from (R)-1,2-isopropylideneglyceraldehyde (4). We next studied an application of the
chiral synthon (8) obtained from the above a,f-unsaturated aldehyde (7) to the synthesis of
(—)-dihydrocorynantheol (3), a Corynanthe-type indole alkaloid, which was firstly isolated
from Aspidosperma marcgravianum by Gilbert et al.> (+)-Dihydroantirhine (2) was synthe-
sized by linking tryptamine with the thioketal and carboxylic acid groups in 8 as a key
intermediate. (—)-Dihydrocorynantheol (3) could also be built up by linking tryptamine with
the thioketal and rert-butyldimethylsilyloxy groups in 8. Although the total synthesis of
racemic forms of 3% was achieved, no enantioselective synthesis of (—)-3 has previously been
accomplished. Here we wish to report the first total synthesis of (—)-dihydrocorynantheol (3)
from (R)-1,2-isopropylideneglyceraldehyde (4).

1: R=CH=CH:
2. R=Et

Chart 1
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Chart 3

Esterification of the known carboxylic acid (8), prepared in 9 steps from 5,2 with
diazomethane gave the methyl ester (9). Reduction of 9 with diisobutylaluminum hydride in
tetrahydrofuran at — 70 °C, followed by acetylation of the alcohol (10) with acetic anhydride
in pyridine, provided the acetate (11) in 92.8% overall yield from 9.
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Fig. 1. The NMR Spectrum of Authentic (4 )-Dihydrocorynantheol
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Fig. 2. The NMR Spectrum of Synthetic (—)-Dihydrocorynantheol

Hydrolysis” of the dithiane group in 11 with methyl iodide in aqueous acetonitrile in the
presence of sodium carbonate, followed by condensation with tryptamine in acetic acid,
afforded the secondary amine (13) via the aldehyde (12), which in turn was deprotected with
tetrabutylammonium fluoride in tetrahydrofuran (THF) to give the alcohol (14) in almost
quantitative yield from 11. Treatment of 14 with methanesulfonyl chloride in pyridine resulted
in cyclization to give a separable mixture of 15 and 16 in 29.5 and 26.17; yields, respectively.
In order to confirm the relationship between 15 and 16, transformation of 16 to 15 was
examined. Dehydrogenation of 16 with mercuric acetate,’*® followed by reduction with
sodium borohydride’®® proceeded smoothly to give 15 in addition to the starting material 16
via the iminium base (17). These conversions indicated that these compounds are C(3)
epimers.

Finally, deacetylation of 15 with potassium carbonate in methanol afforded (-—)-
dihydrocorynantheol (3) {[¢]p —20.0° (¢=0.03, CHCl3)} {1it.” [a]p —19° (¢=1.02, CHCl;)}
in quantitative yield.

This synthetic substance had identical thin layer chromatographic behavior, and infrared
(IR), proton nuclear magnetic resonance (*H-NMR) and mass spectra (MS) with those of
authentic dihydrocorynantheol. Thus, the transformation of (R)-1,2-isopropylidene-
glyceraldehyde via the thioketal carboxylic acid (8) into (—)-dihydrocorynantheol (3) has
been achieved.
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Experimental

IR spectra were recorded on Shimadzu IR-400 and JASCO IR-810 spectrophotometers. MS were obtained with
a JEOL-JMS-01-SG-2 spectrometer. 'H-NMR spectra were taken for solutions in deuteriochloroform with
tetramethylsilane as an internal standard on JEOL JNM-PMX-60 and JNM-GX270 instruments. Optical rotations
were measured with a JASCO-DIP-4 automatic polarimeter. :

Methyl [(4R)-tert-Butyldimethylsilyloxymethyl-(3S)-(2-trimethylenedithio)ethyl]hexanoate (99——The carbox-
ylic acid (8) (186 mg, 0.477 mmol) in ether was treated with an excess of diazomethane. After usual work-up, the
residue was subjected to chromatography on silica gel. Elution with chloroform afforded the methyl ester (9) (135 mg,
69.87;) as a pale yellow syrup: [a], +0.6° (c=0.130, CHCL,). IR vearclsem™!: 1731 (C=0). 'H-NMR (CDCly) 5:
0.07 (6H, s, SiMe,), 0.90 (9H, s, Si‘Bu), 2.67—3.00 (4H, m, SCH,CH,CH,S), 3.52 (2H, d, J=5Hz, CH,0Si), 3.63
(3H, s, CO,CH,;). MS m/z: 349 (M* —'Bu).

[(4R)-tert-Butyldimethylsilyloxymethyl-(3S)7(2-trimethylenedithio)ethyl]hexyl Acetate (11) Diisobutyl-
aluminum hydride (1.76 mol in hexane) (0.66ml, 1.16 mmol) was added dropwise to a solution of 9 (118 mg,
0.291 mmol) in THF (3.2ml) at — 70 °C under nitrogen, and the mixture was stirred for 2.5 h at the same temperature.
The reaction was quenched with saturated ammonium chloride solution and the mixture was extracted with
chloroform. The extract was washed with brine, dried over magnesium sulfate and then concentrated to yield the
practically pure alcohol (10) (106 mg) as a pale yellow syrup, which was used in the next reaction without further
purification.

A mixture of 10 and acetic anhydride (0.4 ml) in pyridine (0.4ml) was stirred for 12h at room temperature.
Water was added to the mixture and the solvent was evaporated to leave a residue, which was extracted with ether.
The extract was washed with brine, dried over magnesium sulfate and then evaporated. The resultant residue was
subjected to column chromatography on silica gel with 59 ethyl acetate-hexane as an eluent to provide the acetate
(11) (114 mg, overall 92.8%; from 9) as a colorless syrup: [, —2.6° (c=0.156, CHCl,). IR v cm~1: 1730 (C=0).
'H-NMR (CDCl,) 6: 0.07 (6H, s, SiMe,), 0.90 (9H, s, Si‘Bu), 2.02 (3H, s, COCH,;), 2.68—3.00 (4H, m,
SCH,CH,CH,S), 3.50 (2H, d, J=5Hz, CH,0Si), 4.03 (2H, t, J=6Hz, CH,COCH,), 4.10 (1H, t, J="7Hz, SCHS).
MS m/z: 363 (M* —'Bu).

[(2R)-(2-Acetoxyethyl)-(3R)-tert-butyldimethylsilyloxymethylpentyl]-1,2,3,4-tetrahydro—ﬁ-carboline (13)—A
mixture of methyl iodide (1.92 g, 13.5 mmol), water (0.5ml) and sodium bicarbonate (715 mg, 6.75 mmol) was added
to a stirred solution of 11 (114mg, 0.270mmol) in acetonitrile (4.4ml). After being stirred for 14h at room
temperature, the reaction mixture was diluted with chloroform. The organic layer was separated, washed with brine
and then dried over magnesium sulfate. The solvent was removed to give the aldehyde (12) (94.7 mg) as a pale yellow
syrup: IR v{icem™1: 1720 (C=0). 'H-NMR (CDCl,) 4: 0.05 (6H, s, SiMe,), 0.87 (9H, s, Si‘Bu), 2.02 (3H, s,
COCHj), 3.53 (2H, d, J=5Hz, CH,08Si), 4.05 2H, t, J =6Hz, CH,0COCH,;), 9.87 (1H, d, J=2Hz, CHO). This
syrup was used in the next reaction without further purification because of the lability of the compound.

A mixture of 12 and tryptamine (127 mg, 0.297 mmol) in acetic acid (2 ml) was stirred for 1 h at room temperature
under nitrogen. The mixture was basified with 109 ammonium hydroxide solution and then extracted with
chloroform. The organic layer was washed with brine, dried over magnesium sulfate and concentrated to leave a
residue, which was chromatographed on silica gel with 407, acetone-benzene as an eluent to give the secondary amine
(13) (127mg, quantitative yield) as a pale yellow syrup: [e]p +4.18° (¢=0.670, CHCl,). IR vSHCl om=1: 3470
(ArNH), 1730 (C=0). 'H-NMR (CDCl,) §: 0.02 (6H, s, SiMe,), 0.93 (9H, s, Si'Bu), 2.02 (3H, s, COCH,;), 4.10 (2H,
t, J=6 Hz, CH,OCOCH,), 6.77—7.60 (4H, m, ArH), 8.37—8.57 (1H, brs, ArNH, exchanged with D,0). High-MS
for C,;HyyN,0;8i (M*): Caled m/z 472.3122; Found 472.3139.

[(2R)-(2-Acetoxyethyl)-(3R)-hydroxymethylpentyl]-1,2,3,4-tetrahydro—[i-carboline (14)——A solution of tetra-
butylammonium fluoride (1 mol in THF) (55 ul, 0.0556 mmol) was added dropwise to a stirred solution of 13
(13.1mg, 0.0278 mmol) in THF (0.1 ml) and the mixture was stirred for 1 h at room temperature. The mixture was
extracted with chloroform. The extract was washed with brine, dried over magnesium sulfate and then evaporated to
leave a residue, which was subjected to chromatography on silica gel with 2% methanol-chloroform to afford the
alcohol (14) (10 mg, quantitative yield) as a pale brown syrup: [a], +28.0° (c=0.314, CHCL,). IR vSHCl: cm 1. 3470
(ArNH), 3400—3100 (OH), 1730 (C=0). 'H-NMR (CDCly) 6: 1.93 (3H, s, COCH,), 4.03 (2H, t, J=6Hz,
CH,0COCH,;), 6.67—7.35 (4H, m, ArH), 8.10—8.53 (1H, brs, ArNH, exchanged with D,0). High-MS for
C,1H;30N,05 (M*): Caled m/z 358.2255; Found 358.2210.

Dihydrocorynantheol Acetate (15) and 3-epi-Dihydrocorynantheol Acetate (16)——A solution of methanesulfonyl
chloride (19.2mg, 0.168 mmol) in dichloromethane (0.4ml) was added to a solution of 14 (40 mg, 0.112mmol) in
pyridine (1 ml) and the mixture was stirred for 2 h at room temperature. The reaction was quenched by addition of
water and the solvent was evaporated off to leave a residue, which was basified with 109, ammonium hydroxide
solution, and extracted with chloroform. The extract was washed with brine and then dried over magnesium sulfate.
The solvent was removed to leave a residue, which was purified by preparative thin-layer chromatography (TLC) on
silica gel developed with benzene-acetone (2:1, v/v) to yield dihydrocorynantheol acetate (15) (11.2mg, 29.5%) as a
pale yellow syrup: Rf=0.68 (benzene-acetone (2: 1, v/V)). [alp +46.2° (¢=0.026, CHCl,). IR vSHClscm~1. 3474

NII-Electronic Library Service



1588 : Vol. 34 (1986)

(ArNH), 1731 (C=0). '"H-NMR (CDCl,) é: 2.02 (3H, s, COCHj), 4.05 (2H, t, J=6Hz, CH,OCOCH,), 6.77—17.42
(4H, m, ArH), 7.50—7.90 (1H, brs, ArNH, exchanged with D,0). High-MS for C,;H,sN,0, (M*): Calcd m/z
340.2149; Found 340.2144 and 3-epi-dihydrocorynantheol acetate (16) (9.9 mg, 26.1%) as a pale yellow syrup: Rf=
0.58 (benzene-acetone (2: 1, v/v)). [a], +27.8° (¢=0.036, CHCly). IR vEHCs e ~1: 3474 (ArNH), 1730 (C=0). 'H-
NMR (CDCl,) §: 2.02 (3H, s, COCHS,), 4.13 (2H, t, J=6 Hz, CH,0COCH,), 6.97—7.55 (4H, m, ArH), 7.80—8.20
(1H, brs, ArNH, exchanged with D,0). High-MS for C,,H,sN,0, (M*): Calcd m/z 340.2149; Found 340.2122.

Epimerization of 3-¢pi-Dihydrocorynantheol Acetate (16) to Dihydrocorynantheol Acetate (15)——A mixture of
16 (1.2 mg, 0.00353 mmol) and mercuric acetate (2.8 mg, 0.00883 mmol) in acetic acid (0.1 ml) was stirred for 16h at
room temperature. The solvent was evaporated off to give the iminium base (17), which was used in the next reaction
without further purification.

Sodium borohydride (1 mg, 0.0264 mmol) was added to a stirred solution of 17 in methanol (0.3 ml) at 0°C.
After stirring for 1h at room temperature, the reaction was quenched with water and the mixture was concentrated.
The resultant residue was basified with 10% ammonium hydroxide solution and then extracted with chloroform. The
extract was washed with brine, dried over magnesium sulfate and evaporated to leave a residue, which was purified by
preparative TLC on silica gel developed with benzene-acetone (2:1, v/v) to give 15 (0.7mg, 58%,) along with the
starting material 16 (0.3 mg, 25%). _

(—)-Dihydrocorynantheol (3) Potassium carbonate (4 mg, 0.0289 mmol) was added to a solution of 15 (2mg,
0.00588 mmol) in methanol (0.1 ml), and the mixture was stirred for 3h at room temperature. The solvent was
removed to leave a residue, which was extracted with chloroform. The extract was washed with brine and dried over
magnesium sulfate. Evaporation of the solvent left a residue, which was purified by preparative TLC on silica gel
developed with benzene—acetone (1:3, v/v) to give (—)-dihydrocorynantheol (3)' (1.8 mg, quantitative yield) [«]p
—20.0° (¢=0.03, CHCl,) [lit.” [o], —19° (¢=1.02, CHCl,)}. High-MS for C;oH,sN,0 (M*): Caled m/z 298.2043;
Found 298.2041. The IR and *H-NMR spectra, and TLC behavior of the product were identical with those of
authentic (+)-dihydrocorynantheol.
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