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Chiral Synthesis of (4 )-Methyl 5-epi-Shikimate by Asymme-
tric Diels—Alder Reaction of (8)s-3-(2-Pyridylsulfinyl)acrylate

Tamiko Takahashi, Akira Iyobe, Yoshitsugu Arai, Toru Koizumi*

Faculty of Pharmaceutical Sciences, Toyama Medical and Pharmaceu-
tical University, Sugitan 2630, Toyama 930-01. Japan

i +)-Methyl S-¢pi-shikimate (9) was synthesized diastercosclectively by
asymmetric Dicls-Alder reaction of (8)g-3-(2-pyridvisultinyDacrylate
(1) with furan.

Much attention has so far been focused on the asymmetric
Diels-Alder reaction of chiral sulfinylethencs. especially 3-
arylsulfinylacrylates.” We have recently developed a new
method for diastercoselective censtruction of  7-oxabicy-
clo[2.2.1Fhept-3-ene system by the asymmetric Diels-Alder
reaction of (S)g-3-(2-pyridylsulfinyl)acrylate (1) with furan.” As
an extension of this novel reaction, we have achieved a chiral
synthesis of n-showdomycin and p-2.5-anhydroallose deriva-
tive using the endo-cycloadduct 2.° This asymmetric
Diels-Alder reaction provides us with a powertul tool for the
diastercoselective synthesis of a variety of polyoxygenated
cyclohexane derivatives. For example, introduction of the ¢xo-
cis-diol function to 2% and a cleavage of the oxide bridge would
furnish the triol corresponding to the absolute configuration of
(4 )-5-¢pi-shikimate (9).

Rgrf.”‘
H Py 73 re 13 JEtOH
’—COZMen oy , 10 min
H 85.%
A
0
{8), -1 2

L MeyhD/cat. Os0,
acetone, r.t., 12h

O 0
2. Me,Ci0Me),/ TsOH /‘,0 ’
7\ __dcetone, 63°C, 6h )’
CO,Men 92 % 0 COs2Men
3

F’y SPy
4
O S N
9% Ow’/‘\< OH m‘g‘{i‘ -
éPy
5

. Jones reagent

0
¢ azetone, r.t., 2.5 h
/%/O»/J)\\/ :M:_zzsz“AﬂOH/Ei 0 /\/C‘ /b\
0L \—OH 80 % CO2CH;3

6 7
m iMes i
a-. AcOH o] .
78°< 05h_ >< CO.CH, 5;;1,0‘:,% HC CO;CH;
* HO
OH
9

Men : {~i-menthyl
Py = 2-pyridyl

Shikimic acid and related compounds are known to be biologi-
cally important.* Many synthetic studies have been reported
for the chiral synthesis of shikimic acid;® however, little infor-
mation has been available for the synthesis of racemic®~# und
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optically active™!® 5-epi-shikimic acid. There have been no
reports for asymmetric synthesis of this acid. We describe here
a chiral synthesis of (+ )-methyl 5-¢pi-shikimate utilizing the
asymmetric Diels-Alder reaction of (S)s-1 with furan.

Optically pure endo-cycloadduct 2 derived from (S)s-1 and
furan,? which has the desired absolute configuration for the
synthesis of ( -+ )-methyl 3-epi-shikimate (9), was reduced with
titanium trichloride to give the sulfide 3in 84 % yield. The sulfide
3 was oxidized with osmium tetroxide and trimethylamine N-
oxide, and the resulting exo-diol was protected with 2,2-dimeth-
oxypropane to give the acctonide 4in 92 % yield. The ester 4 was
converted to the alcohol § by reduction with lithium aluminum
hydride in 79 % yield. Desulfurization of § with Raney nickel
(W-4) afforded 6 in 92% yield. Alcohol 6 was oxidized with
Jones reagent, and the resuiting carboxylic acid was treated with
diazomethane to give methyl ester (—)-7 in 80 % yield. Ester 7
was transformed to (+ )-methyl 5-¢pi-shikimate (9) according to
the procedure reported by Campbell et al. in their synthesis of
racemic methyl 5-epi-shikimate.” Cleavage of the oxide bridge of
7 was achieved by treatment with lithium hexamethyldisilazide
to give the desired monccyclic triol (—)-8 in 58 % vield. The
enantiomeric excess of (--)-8 was no less than 96 % as deter-
mined by 270 MHz NMR spectroscopy using a chiral shift
reagent, Eu(hfc);.'' Deprotection of 8 gave (+)-methyl 5-¢pi-
shikimate (9) in 96 % yield. The spectral data of (— )-8 and (4 )-9
werc consistent with those of the racemic authentic compounds.”

The method developed in the present studies thus provides a new
and powerful strategy for the chiral synthesis of a series of
precursors in the shikimic acid pathway as their natural and
unnatural enantiomers. Furthermore, (—)-methyl (3 R,45.5.5)-
tri-O-benzyl-5-¢pi-shikimate has already been transformed to
pseudo-f-L-mannopyranose by Suami et al.'® We are currently
studying the transformation of the acetonide 8 to pseudo-f3-n-
mannopyranose by reference to their procedure.

Melting points were measured with a Yanako melting point apparatus
and arc uncorrected. The spectroscopic measurements were performed
with the following instruments: IR, JASCO A-102; 'H-NMR, Varian
XL-200 and JEOL INM-GX 270; MS, JEOL OISG-2 at 70 ¢V: optical
rotations, JASCO DIP-140 digital polarimeter.

('R ,2'S,5 R)-Menthyl (1R ,2R 38,45)-3-(2-Pyridylthio)-7-oxabicy-
clo[2.2.1]hept-5-ene-2-carboxylate (3):

A 25w/v% aq. solution of TiCly (0.39mL. 0.632 mmol) is added
dropwise to a solution of 2 (126 mg, 0.313 mmol) in EtOH (2mL) at
room temperature. After 10 min, H,0 (2mL) is added to the mixture,
and the pH is brought to 10 by addition of sat. ag. NaHCO; at 0°C.
The aqueous layer is extracted with CHCl; (4 x 10mL); the combined
extract is washed with brine and dried (MgSO,). The solvent is
evaporated, and the residue is chromatographed on silica gel (eluent: n-
hexane/Et,0, 5:1) to give 3; yield: 102 mg (84 %); syrup: [a}5° + 75.1°
(¢ = 1.17, CHCl).

HRMS: exact mass cale. for C4H,sNO,S (MY — furan), mjz =
319.1616, found 319.1631.

IR (CHCLy): v = 1715, 1575, 1175 em ™.

'H-NMR (CDCly/TMS): 6 = 0.36—1.96 (m, 9 H); 0.73. 0.76, 0.86 (3d.
9H. J=7.0Hz, 3xCH;); 3.61 (dd, 1 H, J = 9.5 4.0Hz, H-2): 4.60
(ddd, tH, J = 10.5, 10.5, 4.5 Hz, H-1'); 490 (dd, 1 H, J = 9.5, 4.0 Hz,
H-3); 5.16 (d, 1H, J=4.0Hz, H-1); 522 (d, 1H. J = 40Hz, H-4).
6.55.6.70 (2dd, 2H, J = 6.0, 1.5 Hz, H-5, H-6); 7.00 (ddd, 111, J = 8.0,
5.0, 1.0 Hz, H,,,,.): 7.11 (dd, 1 H,J = 8.0, 1.0 Hz, H,,p,); 7.46 (ddd. 1 T1,
J= 80,80, 1.0 Hz, H,,,,.): 843 (dd. 1 H, J = 5.0, 1.0 Hz, H,,)-

MS: m/z = 319 (M* — furan).

(I'R,2'S,5' R)-Menthyl (15,2R,35,45,55,65)-5,6-0,0-Isopropylidene-
5,6-dihydroxy-3-(2-pyridylthio)-7-oxabicyclo[ 2.2.1]heptane-2-carboxy-
late (4):

A mixture of 3 (531 mg, 1.37 mmol), a 0.1 M solution of OsO, in -
BuOH (0.14 mL, 0.014 mmol), and trimethylamine N-oxide dihydrate

SYNTHESIS

(152 mg, 1.37 mmol) in acetone (10 mL) is stirred under nitrogen at
room temperature for {2 h. After the solvent is evaporated, the residue
is chromatographed on silica gel (eluent: CHCL,/CH;0H, 98:2) io give
(1'R,2’S.5'R)-menthyl (15,2R.35.45,58,65)-5,6-dihydroxy-3-(2-
pyridylthio)-7-oxabicyclo[ 2.2. 1 heptanc-2-carboxylate (770 mg) as pale
yellow solid.

A mixture of the diol (770 mg), 2.2-dimethoxypropane (0.84 mL,
6.83 mmol), and TsOH - H,0 (5.0 mg, 0.03 mmol) in acetone (10 mL) is
stirred under nitrogen at 65 °C for 6 h. After the solvent is evaporated, the
residue is dissolved in CH,Cl,, washed with sat. aq. NaHCO; and brine,
dried (MgS0,), and concentrated. The residue is purified by flash column
chromatography on silica gel (ciuent: n-hexane/Et,0, 4:1) and by
subsequent recrystallization from s-hexane/Et,O to give 4; yield: 584 mg
(92% from 3); mp 139°C; [o]3® + 21.1° (¢ = 0.693, CHCI,).
CysH3sNOGS  cale. € 65.04 1 3.03 N 7.64

(461.2) found 6524 2.80 7.7

IR (KBr): v = 1710, 1580, 1535, 1370 ¢cm .

'H-NMR (CDCl;/TMS): é = 0.76, (.82, 0.89 (3d, 9H, J = 7.0 Hz,
3xCH,);0.64—1.90 (m,9H); 1.29,1.48 (25,6 H,2 x CH;); 3.43(dd. 1 H,
J=11.2,55Hz,H-2),;4.58-4.68 (m, 3H, H-1, H-3, H-1"); 4.73 (dd. | H,
J =44, 09 Hz, H-4); 4.86, 490 (2d, 2. J = 5.7 Hz, H-5, H-6); 6.99
(ddd, tH, J=73, 5.0, 1.0Hz, H,,,); 7.17 (ddd, 1H. J = 8.1, 1.0,
1.0Hz Hyom): 746 (ddd, $ H, S = 8.1, 7.3, 1.8 Hz, H,,,,): 8.40 (ddd, 1 H,
J=50,181.0Hz, H

MS: mjz =461 (M ™).

arom.

a mm) .

(15,25,35,45,58,65)-2-Hydroxymethyl-5,6-0,0-isopropylidene-5,6-
dihydroxy-3-(2-pyridylthio)-7-oxabicyclo{ 2.2.1Theptane (5):

LiAlIH, (29 mg, 0.764 mmol) is added to a solution of 4 (235mg,
0.51 mmol) in dry Et,0 (4 mL) at 0°C, and the mixture is stirred under
nitrogen at room temperature for 2 h. The mixture is quenched with sat.
aq. Na,SO, at 0°C. After 0.5 h at room temperature, the precipitate is
filtered and washed with THF (10 mL); the combined organic layer is
concentrated. The residue is purified by flash column chromatography
on silica gel (eluent: n-hexane/EtOAc, 1:1) and subsequent recrystalli-
zation from n-hexane/acetone to give 5; yield: 124 mg (79%)., wmp
130-131°C; [o]5° + 80.57 (¢ = 0.893, CHCI,).

C,sH{oNOS cale. C 5823 H 619 N 4.53

(309.1) found  58.38 6.24 4.45

IR (KBr): v = 3260, 1580, 1555cm ™",

TH-NMR (CDCI,/TMS): § = 1.29, 1.46 (2s. 6 H, 2x CHj;); 2.76 (m,
1H, H-2); 3.62 (m, 1 H, HCH); 3.85 (dd. 1 H, J = 11.0, 8.8 Hz, HCH};
3.92 (brs, 1 H, OH); 4.10 (dd, 1 H, J = 10.4, 5.6 Hz, H-3); 4.35 (d, 1 H,
J=59Hz, H-5/H-6); 4.50 (d, 1H, J=354Hz, H-1); 453 (d, 1H,
J = 5.9 Hz, H-5/H-6); 4.61 (d, 111, J = 5.6 Hz, H-4); 7.07 (ddd, 1 H,
J=173,49,1.0Hz,11,,,); 7.31 {ddd, t H, J = 8.1, 1.0, 1.0 Hz, H, ,..):
7.53 (ddd, 1 H, J == 8.1, 7.3, 2.0 Hz, H,,,.); 8.40 (ddd, 1 H, J = 4.9, 2.0,
1.0 Hz, H )

MS: miz =309 (M ")

(1R,2R,35,48,5S)-5-Hydroxymethyl-2,3-Q,0-isopropylidene-2,3-dihy-
droxy-7-oxabicyclo[2.2.1Theptane (6):

Rancy -Ni (W-4, 0.4 p) is added to a soluticn of 5 (179 mg, 0.579 mmol)
in EtOH (5mL), and the mixture is stirred under nitrogen at room
temperature for 24 h. The metal powder is filtered and washed with
EtOH (10 mL); the filirate is concentrated. The residue is purified by
flash column chromatography on silica get (cluent: n-hexane/Et,0, 1:4)
and by subsequent recrystallization from n-hexane/Et,0 to give 6; yick:
107 mg (92%); mp 73-74°C; [a]3° — 12.57 (¢ = 0.740, CHCI,).
CyoH o0, cale. € 59.98 H 805

(200.1) found 59.92 M

IR (KBr): v = 3460 em ™.

TH-NMR (CDCly/TMS): & = 0.90 (dd, 1 H, J = 12.5, 5.4 Hz, H-6,,,,):
1.29,1.48 (25, 6H, 2x CH,): 1.89 (ddd, 1H, J = 12.5, 12.5, 6.1 Hz, H-
6,.,); 1.89 (br s, 1 H, OH); 2.33 (m, 1H, H-5); 3.55 (dd, 1H, J = 11.0,
8.5 Hz, HCH); 3.73 (dd, 1 H, J = 11.0, 6.0 Hz, HCH): 4.18 (d, 1 H,
J = 5.6Hz, H2/H-3); 4.39 (d, 1H, J=6.1Hz, H-1); 441 (d. 11,
J = 5.1Hz H-4); 4.57 (d, 1H, J = 5.6 Hz, H-2/H-3).

MS: mjz =201 (M 4 1), 185 (M ™" ~ CH,).

Methyl  (1R,2R,35,45.5R)-2,3-0,0-Isopropylidene-2,3-dihydroxy-7-
oxabicyclo[2.2.1]heptane-5-carboxylate (7):

Jones reagent'? (0.17 mL) is added dropwise to a solution of 6 (66.0 mg.
0.33 mmol) in acetone (2 mL) at 0°C, und the mixture is stirred undet
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nitrogen at room temperature for 2.5h. After dilution with Et,0
(10 mL), the organic layer is washed with 1 N aq. HCl (2mL) and
separated; the aqueous layer is extracted with Et,O (10 x5mL); the
combined organic phase is dried (MgSO,) and concentrated. The
residue is dissolved in CH;OH/Et,0 (0.2 mL-3 mL) and treated with a
diazomethane/Et,0 (0.35 M, 10 mL) solution at 0°C. After the solvent
is evaporated, the residue is purified by flash column chromatography
on silica gel (cluent: n-hexane/Et,0, 2:1) and by subsequent recry-
stallization from n-hexane/EtOAc to give 7; yicld: 60.0 mg (80 %); mp
91°C; [2]5° ~ 11.17 (¢ = 0.640, CHCI,).

C H, (05 cale. C57.88 H7.07

(228.1) found  58.11 712

IR (KBr): v =1725cm™ !,

'H-NMR (CDCl;/TMS): § = 1.27, 1.42 (25, 6 H. 2 x CH;); 1.72 (dd,
1H, J =128, 5.1 Hz, H-6,,,,); 1.93 (ddd, 1H, J = 12.8, 11.4, 6.0 [z,
H-6,,); 2.98 (m, 1 H, H-5); 3.73 (s, 3H, OCH,); 4.26, 4.29 (2d, 2H,
J=56Hz H-2, H-3); 446 (d, 1H, J=6.0Hz, H-1); 4.56 (d. 1H,
J = 5.9Hz, H-4).

MS: mjz =229 (MY +1), 213 (M* — CH,), 197 (M* — OCH,).

Methyl (35,4 R,5 R)-3,4-0,0-Isopropylidene-3,4,5-trihydroxycyclohex-
2-ene-1-carboxylate (8):

A 10 w/v% solution of BuLi in n-hexane (0.13mL, 0.203 mmol) is
added to a solution of hexamethyldisilazane (0.044 mL, 0.209 mmol) in
dry THF (1 mL), and the mixture is maintained at —78°C for 0.5h
under nitrogen. A solution of 7 (40 mg, 0.175 mmol) in dry THF (1 mL)
is introduced, and the mixture is stirred for a further 0.5h at —78°C
before being allowed to warm to 0°C. The solvent is evaporated, and
the residue is dissolved in CH,Cl,. The CH,Cl, phase is washed with
1 N aq. HCI and brine, dried (MgSO,), and concentrated. The residue is
chromatographed on silica gel (cluent: #-hexane/EtOAc, 2: 1) to give §;
vield: 23 mg (58 %); syrup; [o]5’ —33.0° (¢ = 0.667, CHCl,).

HRMS: exact mass calc. for CoH ;05 (MY — CH,), miz = 213.0763,
found 213.0773,

IR (CHCI,): v = 3600, 3420, 1715, 1655¢cm ™.

"H-NMR (CDCl,/TMS): 3 = 1.39, 1.41 (25, 6 H, 2x CH,); 2.28 (br s,
1H, OH); 2.49 (dddd. 1H, J = 16.7, 9.0, 2.3, 2.3 Hz, H-6$): 2.65 (ddd,
1H, J=16.7, 5.1, 0.7 Hz, H-62); 3.78 (s, 3H, OCHj;); 3.96 (ddd, 1 H,
J=9.0,5.1,2.7Hz, H-5); 442 (dd, 1 H, J = 5.8, 2.7 Hz, H-4); 4.74 (im,
1 H, H-3), 6.79 (m, 11, H-2).

MS: miz =213 (M™* —~ CH,).

(+)-Methyl S-cpi-Shikimate [ Methyl (35,4 R,5 R)-3,4,5-Trihydroxyhex-
2-ene-1-carboxylate] (9):

A solution of 8 (34 mg, 0.149 mmol) in 50% AcOH/H,0 (2mL) is
stirred under nitrogen at 55°C for 3 h. After the solvent is evaporated,
the residue is recrystallized from EtOAc to give 9; yield: 27 mg (96 %);
mp 122-123°C; []3’ + 53.7° (¢ = 0.887. EtOH).

CgHy,05 cale. C51.06 H 643

(188.1) found  50.82 6.38

IR (KBr): v = 3350, 1710, 1645cm "',

'H-NMR (acetone-d,/TMS): & = 2.38 (dddd, 1H. J =17.2, 8.6. 3.1,
2.4 Hz, H-6f); 2.50 (dddd, t H, J = 17.2,5.7,1.7, 1.7 Hz, H-6a); 3.71 (s.
3H, OCH,), 3.80--4.40 (m, 5H, H-4, H-5, 3 x OH); 4.25-4.35 (m, 1 H,
1-3); 6.66 (br s, 1 H, H-2).

"H-NMR (acetone-d,/D,0/TMS): & = 2.37 (dddd, 1 H, J = 17.2, 8.6,
3.1, 2.5 Hz, H-6f); 2.50 (dddd, 1H. J =172, 6.0, 1.5. 1.5 Hz, H-62);
371 (s. 3H, OCH,); 3.85 (ddd, 1 H, J = 8.6, 6.0, 1.5 Hz. H-5): 3.95 (m,
1H, H-4); 4.30 (br s, 1 H, H-3); 6.66 (m, 1 H, H-2).

MS: miz = 188 (M ™).
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T. Suami and Dr. K. Tudano { Keio University ) for the IR, "H-NMR, and
MS spectra of (— )-methyl tri-O-benzyl-5-epi-shikimate [methyl
{3R45.58)-3,4,5-tribenzyloxycyclohex-2-ene-1-carboxylate]. This
work was supported by a grant from the Sankyo Foundation of Life
Science.

Received: 11 July 1988; revised: 18 October 1988

Communications 191

(1) Koizumi, T, Hakamada, 1.. Yoshii, E. Tetrahedron Leti. 1984, 23,
%7.
Maignan, C., Guessous, A., Rouessac, F. Tetrahedron Leit. 1984,
25,1727.
Proust, S. M., Ridley, D.D. Aust. J. Chem. 1984, 37, 1677,
Brimble, M. A., Davis, B.R. Tetrahedron 1985, 41, 4965.
De Lucchi, O.. Marchioro. C., Valle, G., Modena, G. J. Chem.
Sovc. Chem. Commun. 1985, 878.

(2) Takayama, H.. lyobe, A., Koizumi, T. J. Chem. Soc. Chem.
Convmun. 1986, 771.

(3) Takayama, H., Iyobe, A., Koizumi, T. Chem. Pharm. Bull. 1987,
35, 433.

(4) Ganem, B. Tetrahedron 1978, 34, 3352

(5) For recent references in this area, sec: Pawlak. J.L.. Berchtold,
G.A.J. Org. Chem. 1987, 52, 1765

(6) Grewe, R., Kersten, S. Chem. Ber. 1967, 100, 2546.

(7) Campbell. M. M., Kaye, A.D., Sainsbury. M. Tetrahedron Lett.
1983, 24, 4745.
Campbell, M.M., Kaye, A.D., Sainsbury. M.. Yavarzadeh. R.
Tetrahedron 1984, 40. 2461

(8) Rajapaksa, D., Keay, B.A., Rodrigo, R. Can. J. Chem. 1984, 6.2,
826.

(9) Lesuisse, D.. Berchtold, G.A. J. Org. Chem. 1985, 50, 888.

(10) Tadano, K., Maeda, H., Hoshino, M., limura, Y.. Suami. T. Chem.
Lert. 1986, 1081.

Tadano, K., Maeda, ., Hoshino. M., limura. Y., Suani, T. J.
Org. Chem. 1987, 52, 1946.

(11) In the "H-NMR spectrum, (£ )-8 was resolved to a pair of singlets
due to the acetonide methyl signal at ¢ = 2.85 and 3.20 using a
chiral shift reagent, Eu(hfc); (0.587 equivaient). By a similar
treatment, the spectrum of (—)-8 showed the methyl signal at
o =320 and the corresponding enantiomer was not observed
within the limit of detection (< 2%).

(12) Bowers, A., Halsall, T.G., Jones, E.R.H.. Lemr, A.J. J. Chem.
Soc. 1953, 2548,

Downloaded by: Collections and Technical Services Department. Copyrighted material.



