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Synthesis of (–)-Cytoxazone, a Novel Cytokine Modulator Isolated from
Streptomyces sp.
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Cytoxazone [(4R,5R)-(–)-5-hydroxymethyl-4-(4-methoxyphen- employing the Sharpless asymmetric dihydroxylation as the
key reaction in 26% overall yield (7 steps).yl)-2-oxazolidinone, 1], a new immunosuppressant, was

synthesized by starting from p-methoxycinnamyl alcohol (2)

In 1998 Osada and co-workers isolated 140 mg of a novel
cytokine modulator from 18 L of the culture broth of Strep-
tomyces RK95231 isolated from a soil sample in Hiroshima
Prefecture. [1] That new immunosuppressant was named
cytoxazone and its structure 1 was elucidated on the basis
of its NMR, CD and X-ray analysis. [1] [2] Cytoxazone in-
hibits the cytokine production via the signaling pathway of
Th2 cells, but not Th1 cells. We envisaged that 1 with a
2-oxazolidinone ring might readily be synthesized from p-
methoxycinnamyl alcohol (2) by employing the Sharpless
asymmetric dihydroxylation as the key reaction. [3]

Scheme 1 summarizes our synthesis of cytoxazone (1).
The commercially available 2 was converted into the corre-
sponding tert-butyldimethylsilyl (TBS) ether 3. This silyloxy
olefin 3 was dihydroxylated by treatment with an osmium
tetroxide based oxidant in the presence of 1,4-bis(9-O-di-
hydroquinidine)phthalazine [(DHQD)2PHAL] under the
so-called AD-mix-α conditions[3] to give (2S,3S)-4 (99.6%
ee) in 99% yield. Conversion of such a 1,2-glycol as 4 to an
azido alcohol 6 was reported to be feasible via a cyclic sul-
fate[4] or a sulfite like 5.[527] In the present case, the cyclic
sulfite 5 is thought to be reactive enough to give 6, because
C-4 of 5 is the activated benzylic position to which the nu-
cleophilic attack of the azide anion is expected. Accord-
ingly, 4 was treated with thionyl chloride and triethylamine
to afford 5, which was a mixture of two diastereomers 5a
and 5b as revealed by its 1H-NMR spectrum. Cleavage of
the cyclic sulfite 5 was executed with lithium azide in hot Scheme 1. Synthesis of (2)-cytoxazone (1): reagents: (a) TBSCl,

imidazole, DMF (97%); (b) AD mix-α [(DHQD)2PHAL, K2Os-N,N-dimethylformamide (DMF).[5] [6] The resulting azide 6
O2(OH)4, K3Fe(CN)6, K2CO3], MeSO2NH2, tBuOH/H2O (99%);

was fortunately a single stereoisomer as evidenced by its (c) SOCl2, Et3N, CH2Cl2 (88%); (d) LiN3, DMF, 100°C, then H2O
at 0°C (61%); (e) HCO2NH4, Pd/C, MeOH, 50°C (87%); (f)1H-NMR spectrum (see Experimental Section). This was
CO(OEt)2, K2CO3 (66%); (g) TBAF, THF (89%)presumably caused by rapid SN2-type ring cleavage at C-4

with the azide anion. The azide 6 was then hydrogenated
with ammonium formate and palladium/charcoal to give 7.

Construction of the 2-oxazolidinone ring was achieved as
usual [8] by treatment of 7 with diethyl carbonate in the pres- ence of potassium carbonate to furnish 8. Removal of the

TBS protective group of 8 with tetrabutylammonium fluor-
ide (TBAF) yielded (4R,5R)-(2)-cytoxazone (1), whose[°] Part XXX: S. Nomoto, K. Mori, Liebigs Ann. 1997, 7212723.

[a] Department of Chemistry, Faculty of Science, Science Univer- spectral properties are identical with those of the natural
sity of Tokyo, product. [1] [2] The overall yield of 1 was 26% based on 2Kagurazaka 123, Shinjuku-ku, Tokyo 162-8601, Japan
Fax: (internat.) 1 81-3/3235-2214 (7 steps).

Eur. J. Org. Chem. 1999, 296522967  WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1999 14342193X/99/111122965 $ 17.501.50/0 2965



M. Seki, K. MoriFULL PAPER
due was chromatographed on silica gel (3 g, hexane/ethyl acetate,Experimental Section
150:1) to give 223 mg (88%) of 5 as a pale yellow oil, which was

General: M.p.: Yanaco MP-S3; uncorrected values. 2 IR: Jasco A- used immediately in the next reaction. 2 IR (film): ν̃max 5 2955
102 and Perkin2Elmer 1640. 2 1H NMR: Jeol JNM-LA300 cm21 (s), 1615 (m), 1515 (m), 1255 (s), 1210 (m), 1145 (m), 1035
(300 MHz) and Jeol JNM-LA500 (500 MHz) (CHCl3 at δ 5 7.26 (w), 950 (m), 835 (s). 2 5a: 1H NMR (300 MHz, CDCl3): δ 5 0.09
or CD3OD at δ 5 3.30 or DMSO at δ 5 2.49 as an internal stand- [s, 6 H, Si(Me)2], 0.88 [s, 9 H, SiC(Me)3], 3.83 (s, 3 H, OMe),
ard). 2 13C NMR: Jeol JNM-LA500 (125 MHz) (DMSO at δ 5 3.8424.04 (m, 2 H, 6-H), 4.39 (dt, J 5 8.1, 5.2 Hz, 1 H, 5-H), 5.77
39.75 as an internal standard). 2 Optical rotation: Jasco DIP-1000. (d, J 5 8.1 Hz, 1 H, 5-H), 6.95 (d, J 5 9.0 Hz, 2 H, 9,11-H), 7.42
2 MS: Jeol JMS-SX102A. 2 CD: Jasco J-725 spectropolarimater. (d, J 5 9.0 Hz, 2 H, 8,12-H). 2 5b: δ 5 0.09 [s, 6 H, Si(Me)2], 0.88
2 Column chromatography: Merck Kieselgel 60 Art. 1.07734. 2 [s, 9 H, SiC(Me)3], 3.83 (s, 3 H, OMe), 3.8424.04 (m, 2 H, 6-H),
TLC: 0.25-mm Merck silica gel plates (60F2254). 4.75 (dt, J 5 9.1, 6.3 Hz, 1 H, 4-H), 5.35 (d, J 5 9.1 Hz, 1 H, 5-

H), 6.94 (d, J 5 9.0 Hz, 2 H, 9,11-H), 7.32 (d, J 5 9.0 Hz, 2 H,(E)-1-(tert-Butyldimethylsilyloxy)-3-(4-methoxyphenyl)-2-propene
(3): To a stirred solution of p-methoxycinnamyl alcohol (2; 2.49 g, 8,12-H).
15.2 mmol) in dry DMF (25 mL), imidazole (1.55 g, 22.7 mmol)

(2R,3R)-3-Azido-1-(tert-butyldimethylsilyloxy)-3-(4-methoxy-and TBSCl (2.75 g, 18.2 mmol) were added portionwise. This mix-
phenyl)-2-propanol (6): A mixture of cyclic sulfite 5 (220 mg,ture was stirred at room temperature for 12 h and then quenched
0.61 mmol) and LiN3 (54 mg, 1.1 mmol) in dry DMF (3 mL) waswith MeOH. It was poured into water and extracted with diethyl
stirred under Ar for 2 h at 100°C. After this, it was ice-cooled andether. The organic phase was washed with water, a satd. sodium
quenched with water, and extracted with ethyl acetate. The organichydrogen carbonate solution and brine, dried with MgSO4 and con-
phase was washed with water and brine, dried with MgSO4 andcentrated in vacuo. The residue was chromatographed on silica gel
concentrated in vacuo. The residue was chromatographed on silica(40 g; hexane/ethyl acetate, 300:1) to give 4.12 g (97%) of 3 as a
gel (15 g; hexane/ethyl acetate, 20:1) to give 127 mg (61%) of 6 aswhite crystalline solid; m.p. 32234°C. 2 IR (KBr): ν̃max 5 2955
a colorless oil; nD

25 5 1.5041. 2 [α]D
18 5 288.1 (c 5 0.99, CHCl3).cm21 (m), 1605 (m), 1510 (s), 1240 (s), 1120 (m), 840 (s), 775 (s).

2 IR (film): ν̃max 5 3470 cm21 (m, O2H), 2955 (w), 2105 (s, az-
2 1H NMR (300 MHz, CDCl3): δ 5 0.11 [s, 6 H, Si(Me)2], 0.94

ido), 1610 (s), 1515 (s), 1250 (s), 1115 (m), 835 (s). 2 1H NMR[s, 9 H, SiC(Me)3], 3.81 (s, 3 H, OMe), 4.33 (d, J 5 5.3 Hz, 2 H,
(300 MHz, CD3OD): δ 5 0.05 (s, 3 H, Si2Me), 0.06 (s, 3 H,1-H), 6.14 (dt, J 5 16, 5.3 Hz, 1 H, 2-H), 6.52 (d, J 5 16 Hz, 1 H,
Si2Me), 0.92 [s, 9 H, SiC(Me)3], 3. 53 (dd, J 5 10.5, 5.7 Hz, 1 H,3-H), 6.85 (d, J 5 8.8 Hz, 2 H, 6,8-H), 7.31 (d, J 5 8.8 Hz, 2 H,
1-H), 3. 66 (dd, J 5 10.5, 4.8 Hz, 1 H, 1-H), 3.7523.85 (m, 1 H,5,9-H). 2 C16H26O2Si (278.5): calcd. C 69.01, H 9.41; found C
2-H), 3.80 (s, 3 H, OMe), 4.55 (d, J 5 6.4 Hz, 1 H, 3-H), 6.9369.14, H 9.62.
(d, J 5 8.8 Hz, 2 H, 6,8-H), 7.31 (d, J 5 8.8 Hz, 2 H, 5,9-H). 2

(2S,3S)-1-(tert-Butyldimethylsilyloxy)-3-(4-methoxyphenyl)-2,3-pro- C16H27N3O3Si (337.5): calcd. C 56.94, H 8.06, N 12.45; found C
panediol (4): To a mixture of water (15 mL) and 2-methyl-2-propa- 57.11, H 8.20, N 12.53. 2 A regioisomer (N3 at C-2) of 6 was also
nol (10 mL) was added AD mix-α (2.51 g) and methanesulfonam- obtained (25 mg, 12%), whose structure was assigned by its 1H-
ide (171 mg, 1.80 mmol) at room temperature. The mixture was NMR analysis. 2 1H NMR (300 MHz, CDCl3): δ 5 20.29 (s, 3
stirred for 10 min, and then cooled to 0°C. A solution of 3 (500 mg, H, Si2Me), 20.02 (s, 3 H, Si2Me), 0.80 [s, 9 H, SiC(Me)3], 3. 61
1.80 mmol) in 2-methyl-2-propanol (5 mL) was added and the mix- (ddd, J 5 7.5, 5.0, 4.2 Hz, 1 H, 2-H), 3.7023.85 (m, 2 H, 1-H),
ture was stirred for 7 h at 0°C. The reaction was quenched by the 3.82 (s, 3 H, OMe), 4.59 (d, J 5 7.5 Hz, 1 H, 3-H), 6.90 (d, J 5
addition of sodium sulfite heptahydrate (2.40 g, 9.52 mmol) at 0°C. 8.8 Hz, 2 H, 6,8-H), 7.25 (d, J 5 8.8 Hz, 2 H, 5,9-H).
Then the mixture was warmed to room temperature, stirred for

(2R,3R)-3-Amino-1-(tert-butyldimethylsilyloxy)-3-(4-methoxy-30 min, and extracted with ethyl acetate. The organic phase was
phenyl)-2-propanol (7): To a stirred solution of 6 (337 mg,washed with aqueous 2  KOH, dried with MgSO4 and concen-
1.00 mmol) and 10% Pd/C (70 mg) in MeOH (6 mL) was addedtrated in vacuo. The residue was chromatographed on silica gel
a solution of ammonium formate (252 mg, 4.00 mmol) in MeOH(6 g; hexane/ethyl acetate, 8:1) to give 554 mg (99%) of 4 as a color-
(3 mL). After having been stirred at 50°C for 4 h, the mixture wasless oil; nD

25 5 1.5012. 2 [α]D
19 5 110.7 (c 5 1.00, CHCl3). 2 IR

filtered through a pad of Celite, and the filtrate was concentrated in(film): ν̃max 5 3420 cm21 (s, O2H), 2955 (m), 1615 (m), 1515 (s),
vacuo. The residue was chromatographed on silica gel (5 g; CHCl3/1250 (s, Si2Me), 1120 (m), 1040 (m), 835 (s), 780 (s). 2 1H NMR
MeOH, 50:1) to give 272 mg (87%) of 7 as a white solid, which was(500 MHz, CDCl3): δ 5 0.06 [s, 6 H, Si(Me)2], 0.91 [s, 9 H,
used without further purification. 2 IR (film): ν̃max 5 3385 cm21

SiC(Me)3], 2.71 (d, J 5 6.0 Hz, 1 H, 2-OH), 3.11 (d, J 5 1.8 Hz,
(m, O2H), 2930 (w), 1615 (m), 1515 (m), 1255 (s), 1120 (m), 10951 H, 3-OH), 3.52 (dd, J 5 10.3, 4.9 Hz, 1 H, 1-H), 3.61 (dd, J 5
(m), 835 (s). 2 1H NMR (300 MHz, CDCl3): δ 5 0.04 [s, 6 H,10.3, 3.4 Hz, 1 H, 1-H), 3.6523.70 (m, 1 H, 2-H), 3.81 (s, 3 H,
Si(Me)2], 0.89 [s, 9 H, SiC(Me)3], 1.71 (br., 2 H, NH2), 3.53 (dd,OMe), 4.65 (dd, J 5 6.0, 1.8 Hz, 1 H, 3-H), 6.89 (d, J 5 8.3 Hz, 2
J 5 10.2, 4.6 Hz, 1 H, 1-H), 3.59 (dd, J 5 10.2, 5.9 Hz, 1 H, 1-H),H, 6,8-H), 7.29 (d, J 5 8.3 Hz, 2 H, 5,9-H). 2 C16H28O4Si (312.5):
3.76 (ddd, J 5 5.9, 5.4, 4.6 Hz, 1 H, 2-H), 3.81 (s, 3 H, OMe), 4.07calcd. C 61.50, H 9.03; found C 61.23, H 9.18. 2 HPLC analysis
(d, J 5 5.4 Hz, 1 H, 3-H), 6.88 (d, J 5 8.8 Hz, 2 H, 6,8-H), 7.28[column: Chiralcel-OD, 4.6 mm 3 25 cm; solvent: hexane/iPrOH,
(d, J 5 8.8 Hz, 2 H, 5,9-H).60:1; flow rate: 0.5 mL/min; detection: 254 nm], tR 5 49.4 min

[(2R,3R)-4, 0.20%], 56.3 [(2S,3S)-4, 99.8%]. The enantiomeric pu- (4R,5R)-5-(tert-Butyldimethylsilyloxymethyl)-4-(4-methoxy-
rity of (2S,3S)-4 was 99.6% ee. phenyl)-2-oxazolidinone (8): A mixture of 7 (160 mg, 0.51 mmol),

diethyl carbonate (0.14 mL, 1.20 mmol), and anhydrous potassium(4S,5S)-5-(tert-Butyldimethylsilyloxymethyl)-4-(4-methoxy-
phenyl)-1,3,2-dioxathiolane 2-Oxide (5): To a solution of 4 (220 mg, carbonate (1.1 mg, 8.5 µmol) was heated at 120°C for 2 h with

stirring. The mixture was filtered through a pad of Celite, and the0.70 mmol) and triethylamine (0.43 mL, 3.07 mmol) in CH2Cl2
(3 mL) at 0°C was added a solution of thionyl chloride (0.06 mL) filtrate was concentrated in vacuo. The residue was chromato-

graphed on silica gel (2 g; hexane/ethyl acetate, 5:1) to give 115 mgin CH2Cl2 (0.5 mL). Stirring was continued for 10 min at 0°C. The
mixture was diluted with cold diethyl ether, washed with cold water (66%) of 8 as a white solid. The solid 8 was recrystallized from

hexane/ethyl acetate (10:1) to give colorless needles; m.p. 71273°C.and brine, dried with MgSO4, and concentrated in vacuo. The resi-
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2 [α]D

19 5 224.5 (c 5 0.98, CHCl3). 2 IR (KBr): ν̃max 5 3280 (O2Me), 56.2 (4-C), 61.0 (6-C), 80.0 (5-C), 113.7 (9,11-C), 128.0
(8,12-C), 129.3 (7-C), 158.7 (2-C), 159.0 (10-C). 2 HRFAB MScm21 (m, N2H), 2955 (w), 1745 (s, C5O), 1615 (m), 1515 (s), 1250

(s), 1105 (m), 835 (s). 2 1H NMR (300 MHz, CDCl3): δ 5 20.14 (C11H13NO4): calcd. 224.0923; found 224.0928. 2 C11H13NO4

(223.2): calcd. C 59.19, H 5.87, N 6.27; found C 58.98, H 5.90,(s, 3 H, Si2Me), 20.08 (s, 3 H, Si2Me), 0.80 [s, 9 H, SiC(Me)3],
3.26 (dd, J 5 11.0, 5.9 Hz, 1 H, 6-H), 3.46 (dd, J 5 11.0, 5.9 Hz, N 6.18.
1 H, 6-H), 3.81 (s, 3 H, OMe), 4.80 (ddd, J 5 8.3, 5.9, 5.9 Hz, 1
H, 5-H), 4.92 (d, J 5 8.3 Hz, 1 H, 4-H), 5.86 (s, 1 H, N2H), 6.88

Acknowledgments(d, J 5 8.8 Hz, 2 H, 9,11-H), 7.17 (d, J 5 8.8 Hz, 2 H, 8,12-H). 2

C17H27NO4Si (337.5): calcd. C 60.50, H 8.06, N 4.15; found C
We are grateful to Dr. H. Osada (RIKEN, Wako-shi, Saitama) for60.33, H 8.15, N 4.01.
his kind supply of the IR, 1H- and 13C-NMR spectra of the natural
cytoxazone. Our thanks are due to Kyowa Hakko Kogyo Co. (To-Cytoxazone [(4R,5R)-5-(Hydroxymethyl)-4-(4-methoxyphenyl)-2-oxa-
kyo) for financial support of this work.zolidinone, 1]: To a solution of 8 (84 mg, 0.25 mmol) in THF

(1 mL), TBAF (1.00  in THF; 0.30 mL, 0.30 mmol) was added
[1] H. Kakeya, M. Morishita, K. Kobinata, M. Osono, M. Ishi-dropwise at room temperature. Stirring was continued for 10 min.

zuka, H. Osada, J. Antibiot. 1998, 51, 112621128.After this, it was quenched with water and extracted with ethyl
[2] H. Kakeya, M. Morishita, H. Koshino, T. Morita, K. Kobaya-acetate. The organic phase was washed with brine, dried with shi, H. Osada, J. Org. Chem. 1999, 64, 105221053.

MgSO4 and concentrated in vacuo. The residue was chromato- [3] H. C. Kolb, M. S. VanNieuwenhze, K. B. Sharpless, Chem. Rev.
1994, 94, 248322547.graphed on silica gel (1 g, CHCl3/MeOH, 70:1) to give 49 mg (89%)

[4] Y. Gao, K. B. Sharpless, J. Am. Chem. Soc. 1988, 110,of 1 as a white crystalline solid. The crystalline 1 was recrystallized
753827539.from MeOH/H2O (3:7) to give colorless prisms; m.p. 1172119°C [5] B. M. Kim, K.B. Sharpless, Tetrahedron Lett. 1990, 31,

[ref. [1] 1182121°C (from MeOH/H2O, 3:7)]. 2 [α]D
19 5 270.9 (c 5 431724320.

[6] B. B. Lohray, J. R. Ahuja, J. Chem. Soc., Chem. Commun.0.098 MeOH) {ref. [1] [α]D
23 5 271 (c 5 0.1 MeOH)}. 2 CD (c 5

1991, 95297.0.098, MeOH): ∆ε (λ) 5 10.25 (226 nm). 2 IR (KBr): ν̃max 5
[7] Review: B.B. Lohray, Synthesis 1992, 103521052.3480 cm21 (m, O2H), 3255 (m, N2H), 2955 (m), 1715 (s, C5O) [8] E. Nicolás, K. C. Russell, V. J. Hruby, J. Org. Chem. 1993, 58,

1615 (w), 1515 (m), 1405 (m), 1255 (s, C2O), 1050 (s), 995 (m). 2 7662770.
[9] Note added in proof (August 20, 1999): An independent syn-1H NMR (500 MHz, [D6]DMSO): δ 5 2.9422.98 (m, 2 H, 6-H),

thesis of cytoxazone appeared as a preliminary communication:3.74 (s, 3 H, O2Me), 4.68 (ddd, J 5 8.3, 7.8, 4.4 Hz, 1 H, 5-H),
Y. Sakamoto, A. Shiraishi, Jeong Seonhee, T. Nakata, Tetra-4.80 (t, J 5 5.2 Hz, O2H), 4.89 (d, J 5 8.3 Hz, 4-H), 6.92 (d, J 5 hedron Lett. 1999, 40, 420324206.

8.3 Hz, 2 H, 9,11-H), 7.14 (d, J 5 8.3 Hz, 2 H, 8,12-H), 8.04 (s, 1 Received March 16, 1999
[O99158]H, N2H). 2 13C NMR (125 MHz, [D6]DMSO): δ 5 55.1
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