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The total synthesis of ( —)-cytoxazone 1 was achieved in six linear steps (34% overall yield) from p-anisaldehyde. The key steps in this route
are the regioselective and stereoselective introduction of a N-protected amine group, using the CSI reaction of the anti-1,2-dimethyl ether 3,
and the subsequent regioselective cyclization of the N-protected amino diol 13 to give the 2-oxazolidinone unit of ( —)-cytoxazone 1.

Cytoxazonel is a novel cytokine modulator that was isolated ment; the addition of Grignard reagents to the protected
from Streptomycesp., and interferes with cytokine IL4, imines® and the conjugated addition of chiral lithium amfde.
IL10, and IgG production via the selective inhibition of the This paper presents our synthetic approach-ty-cytox-
signaling pathway in Th2 cells. Its structure was determined azone, based on the regioselective and diastereoselective
to be (R 5R)-5-hydroxymethyl-4p-methoxyphenyl-1,3-ox-  chlorosulfonyl isocyanate (CSI) reactiéh.
azolidin-2-one based on the NMR, CD, and X-ray data. The retrosynthetic scheme is shown below (Scheme 1) and
Due to its potent bioactivity and relatively simple structure, the key steps are the regioselective and diastereoselective
several methods of synthesizing)tcytoxazone and its trans-  introduction of a N-protected amine group into amti-1,2-
diastereoisomer (4-epicytoxazone) have recently been re-dimethyl ethei3 to directly give the protectednti-1,2-amino
ported. These include Sharpless asymmetric dihydroxylation - - - - -
and the introduction of amirfeSharpless asymmetric ami- sgf;‘,‘)z&?éiké’7,s£ﬁ7Tsu"’ R.; Ohshima, T.; Shibasaki, 84.Am. Chem.
nohydroxylatior® an asymmetric epoxidation and the regio- (5) Sugiyama, S.; Arai, S.; Ishii, KTetrahedron:Asymmetr2004,15,
selective ?erdUCtion (.)f aZid.oeI.he PetaSi.S. reactionan 31‘(% (a) Carda, M.; Gonzalez, F.; Sanchez, R.; Marco, Jdrahedron:
asymmetric aldol reactiohan imino-1,2-Wittig rearrange-  Asymmetry002,13, 1005. (b) Carter, P. H.; LaPorte, J. R.; Scherle, P. A.;

Decicco, C. PBioorg. Med. Chem. Let2003,13, 1237. (c) Kumar, A. R.;
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Scheme 1. Retrosynthetic Strategy
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alcohol 2, using the CSI reaction and the regioselective
intramolecular cyclization. Compoun8 could be easily
prepared fronp-anisaldehyde by using the chiral reagent,
(—)-B-methoxydiisopinocampheyl-borake.

First, the regioselectivity and the diastereoselectivity of
the CSI reaction was investigated wignti-1,2-dimethyl
ether3 prior to the approach to the total synthesis of
cytoxazone.

The initial studies examined the diastereoselectivity of the
reaction of theanti-1,2-dimethyl ether3 with CSI. The
treatment ofanti-1,2-dimethyl ether with CSI afforded the
anti-1,2-amino alcoho? as the major product. The ratio of
anti-1,2-amino alcohol2 and syn-1,2-amino alcohol
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MeO OMe
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OMe
OM
MeO OMe
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depended on the solvent and temperature, as shown in Table

1.

Table 1. CSI Reactions of thanti-1,2-Dimethyl Ethei3 with
Various Solvents and Temperatures
CMe

NHCOOMe NHCCOMe

1) CSI, Na,CO;3

. - . N+ X

VeO OMe  2)NapSO3 KOH Veo OMe Voo Site
3 2 4

solvent temp (°C) ratio (2:4)* yield (%)°
1 CHqClg 0 5.7:1 94
2 —78 7.0:1 92
3 CHCIl3 0 7.6:1 89
4 Et.0 0 12:1 96
5 toluene 0 16:1 94
6 —-78 27:1 95
7 CCly 0 18:1 91
8 hexane 0 13:1 67
9 —-78 15:1 91

alsomer ratio determined from tH&! NMR spectrum? Isolated yield
of pure material.

at —78 °C furnished a 7.0:1 ratio (entries 1 and 2). In
particular, in toluene at-78 °C (entry 6), the highest
diastereoselectivity (27:1) was obtained in 95% chemical
yield. Table 1 showed a tendency to increase the formation
of the anti-stereocisomer of the 1,2-amino alcohol as the
polarity of the solvent decreased.

From the reaction of thanti-1,2-dimethyl ethers with CSlI,
it was found that the stereochemistry of the major product
was the same as that of the starting material, even though
the CSI reaction gb-methoxybenzylic methyl ether progresses
via a carbocation intermediate through glSnechanism.

The results of these reactions can be explained as follows:

First, the regioselective substitution at fhxenethoxyben-
zylic position is expected. This is because the regioselectivity
was controlled by the stability of the carbocation intermedi-
ate. Namely, thep-methoxybenzylic carbocation is more
stable than the allyl on®&.

Second, the formation of ttemti-1,2-amino alcoha? from
theanti-1,2-dimethyl etheB can be explained by the Cieplak
electronic modet¢*via a 1 mechanism. In this model,
the vinyl group takes up an anti position to nucleophile attack
and the methoxy group orients inside (Figure 1).
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Meo— N H X
_ /O% -
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Figure 1. Cieplak electronic model of nucleophilic attack on the
p-methoxybenzylic carbocation.

Another plausible mechanism for the diastereoselectivity
is the neighboring group effect, as shown in Figure 2. This
neighboring group (OMe) can use its electron pair to interact
with the backside of the carbon atom undergoing substitution,
and then nucleophilic attack can take place only from the
front side, leading to the retention of the configuratién.

The initial attack by the oxygen gf-methoxybenzylic
methyl ether to CSl yields prmethoxybenzylic carbocation,
which is following an internal attack by the vicinal OMe
that yields the oxiranium with an inversion of configuration
at thep-methoxybenzylic carbon. Thig-methoxybenzylic
carbon atom, in turn, undergoes an ordinag &ttack by
CISO-N"-COMe, with a second inversion of configuration.
In this result, the configuration of the product is the same as
that of the starting material. As the polarity of the solvent
decreases, the attack of the vicinal OMe (the neighboring

The reaction in methylene chloride at’G gave a 5.7:1
inseparable mixture of diastereoisomers in 94% vyield, and

(11) Barrett, A. G. M.; Malecha, J. Wl. Org. Chem1991,56, 5243.
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(12) Kim, J. D.; Han, G.; Jeong, L. S.; Park, H.-J.; Zee, O. P.; Jung, Y.
H. Tetrahedron2002,58, 4395.
(13) Cieplak, A. SJ. Am. Chem. S0d 981,103, 4540.
(14) (a) Allred, E. L.; Winstein, SJ. Am. Chem. S0d 967,89, 3991.
(b) Allred, E. L.; Winstein, SJ. Am. Chem. Sod967, 89, 3998. (c) Krow,
G. R.; Yuan, J.; Lin, G.; Sonnet, P. Brg. Lett 2002 4, 1259. (d) Roberts,
D. D. J. Org. Chem1997,62, 1857.
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Figure 2. Neighboring group effect of nucleophilic attack on the

p-methoxybenzylic carbocation.

group effect) becomes faster than the nucleophile attack and
the diastereoselectivity of 1,2-amino alcohol increases.
Therefore, this reaction is more efficient in nonpolar solvents.
A methyl moiety instead of a methoxy group was
introduced at the allylic position to confirm the neighboring

group effect. (Scheme 2).

Scheme 2. CSI Reactions of-Methyl Homoallyl Ether5 with
Various Solvents
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The treatment othreo-ether5 with CSI in methylene
chloride at—78 °C furnished a 1:1.8 mixture of thiareo-
stereoisomer6 and the erythro-stereoisomef7 in 91%

The CSI reaction of compounslin toluene and hexane
afforded a ratio similar to the case of methylene chloride
(entries 2 and 3). The results shown in Table 2 reveal that
the reaction of th¢g-methyl homoallyl ether with CSl is not
affected by the solvent, and progresses through a free
carbocation intermediate.

Therefore, it is clear that the diastereoselectivity of the
CSI reaction of the 1,2-dimethyl eth&rcan be explained
by the neighboring group effect and a partigll$nechanism.

On the basis of the above results, the total synthesis of
(—)-cytoxazonel was achieved fronp-anisaldehyde as a
starting material (Scheme 3).

Scheme 3. Total Sythesis of {)-Cytoxazone
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p-Anisaldehyde was treated &8 °C with B-[3-((diiso-
propylamino)dimethylsilyl)allylJdiisopinocampheyl-borane
(8), prepared from-{)-B-methoxydiisopinocampheyl-borane
and allyl(diisopropylamino)dimethylsilart€ using n-butyl-
lithium in N,N,N',N'-tetramethylethylenediamine (TMEDA)
in ether (E3O) at 0°C, to provide an optically pure (1RS-
anti-diol 9 with a high enantioselectivity (95% ee via the
Mosher ester) and diastereoselectivity ©9%) in 52%

chemical yield (entry 1). The other results are summarized chemical yield after recrystallization (toluene). The di-

in Table 2.

Table 2. CSI Reactions of-Methyl Homoallyl Ether5 with
Various Solvents (at- 78 °C)

solvent ratio (6:7)¢ yield (%)°
1 CH.Cly 1:1.8 91
2 toluene 1:1.7 83
3 hexane 1:1.6 81

alsomer ratio determined from tH&l NMR spectrum? Isolated yield
of pure material
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methylation of compound® with sodium hydride and
iodomethane in tetrahydrofuran at’G furnished theanti-
1,2-dimethyl etheB in 96% vyield.

The key reaction is the regioselective and diastereoselec-
tive introduction of a N-protected amine group of compound
3 with CSI. The treatment of compourgiwith CSI in the
presence of sodium carbonate in anhydrous toluerer&t
°C, followed by the reduction of thid-chlorosulfonyl group
with an aqueous potassium hydroxide and sodium thiosulfate
solution furnished the desireuhti-1,2-amino alcohoft with
a high diastereoselectivity (27:1) in 95% vyield. The conver-
sion of compound into the terminal primary alcohdlO
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was achieved by ozonolysis of the double bond followed by p-anisaldehyde. The optimum reaction conditions for the

sodium borohydride reductiéhin 94% chemical yield.

The regioselective deprotection of the methyl ether of
compoundL0with boron tribromidé® in methylene chloride
at 0 °C gave the desired dioll in 80% yield without
affecting the methoxy group of the phenyl ring.

Finally, the regioselective intramolecular cyclization of
compoundll, using sodium hydriden tetrahydrofuran at
0 °C, led to the (—)-cytoxazong{mp 118—12C°C; [a]*b
—70.9 (c0.1, MeOH); litt mp 118—120°C; [a]® —71 (c
0.1, MeOH)}in 95% yield.

In conclusion, the total synthesis of)-cytoxazonel was
achieved in six linear steps (34% overall yield) from

(15) Yudina, O. N.; Sherman, A. A.; Nifantiev, N. Earbohydr. Res.
2001,332, 363.

(16) (a) Demuynck, M.; De Clercq, P.; Vandewalle, 81.0rg. Chem.
1979,44, 4863. (b) Grieco, P. A.; Nishizawa, M.; Oguri, T.; Burke, S. D.;
Marinovic, N.J. Am. Chem. S0d 977,99, 5773.
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diastereoselective CSI reaction afti-1,2-dimethyl ether
were also identified. The retention of the configuration can
be explained by the neighboring group effect and a partial
Syl mechanism.

This synthetic method with use of CSI can be applied to
the formation of various natural products with a more
complex amine.
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