Tetrahedron Vol. 44, No. 11, pp. 3215 to 3223, 1988 0040-4020/88  $3.00+.00
Printed in Great Britain. © 1988 Pergamon Press pic

A ROUTE TO LONG-CHAIN AMINO SUGARS BY THREE SUBSTITUTED
THIAZOLES AS AUXILIARIES: THIAZOLE-2-CARBONITRILE N-OXIDE,
2-TRIMETHYLSILYLTHIAZOLE, AND 2-THIAZOLYLMETHYLENETRIPHENYL-

PHOSPHORANE#

ALESSANDRO DONDONI,* GIANCARLO FANTIN, MARCO FOGAGNOLO,
ALESSANDRO MED!CI, and PAOLA PEDRINI

Dipartimento di Chimica, Laboratorio di Chimica Organica,

Universita, Ferrara, ltaly

(Received in USA 11 February 1988)

Summary: The nitrile oxide-furan cycloadduct thiazole
furoisoxazoline 4a is transformed into the 5-amino-5-deoxy
dialdoidofuranose derivative 8 through selective elaboration
of the three heterocyclic rings: i) bis-hydroxyalkylation of
dihydrofuran carbon-carbon double bond; i) reductive
cleavage of the isoxazoline «ring; iii) conversion of
thiazole into formyl. One- and two-carbon chain extension of
the resulting amino hexose by reaction with
2-trimethylsilylthiazole and 2-thiazolylmethylenetriphenyl-
phosphorane respectively affords C7 and C8 homologues.

2-Substituted thiazoles 1 are convenient masked equivalents of aldehydes
since the thiazole nucleus represents a remarkably stable system which survives
a variety of reaction conditions and tolerates other functional group
manipulations; nevertheless, it can be converted into the formy! group through a
sequence of simple and high yield operations, viz. alkylation to the
N-quaternary thiazolium salt, reduction to the thiazo!idine, metal assisted

hydr‘olysis.l'2

Once this feature is combined with the reactivity of an
appropriate functional group R attached to C-2 of the thiazole ring, one may
design synthetic routes to complex molecular systems. In fact, we have

extensively employed 2-trimethylsilylthiazole (la) as a protected formyl

trimethylsilane (2a) for the stereoselective homologation of chiral

polyoxygenated aldehydes into long-chain carbohydrates via an iterative
. A . 2 .

thiazole-addition and formyl-unmasking sequence. .3 Furthermore, 2-thia-

zolylmethylenetriphenylphosphorane (1b) has proven to be a new protected formyl
phosphorane 2b for the two-carbon-chain elongation of aldehydes via a
Wittig-olefination and formyl-unmasking sequence.4 Having decided to extend this
concept to other functionally substituted thiazoles, we report here our

previously described 2-thiazolecarbonitrile N-oxide (lc)5 as a precursor to

¢ Dedicated to Professor Edward C. Taylor on the occasion of his 65th birthday.
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amino sugars via a cycloaddition and formyl-unmasking sequence. Central to this
methology is the nitrile oxide-furan addition, a highly regioselective
1,3-dipolar cycloaddition which has been originally described by Caramella,
Grinanger, Houk and their couorkers6a and whose synthetic value as a key step
towards amino sugars (lsoxazoline Route) has been substantially disclosed by
Jager and his students.éb We hoped that the use of nitrile oxide lc as a new
masked formyl nitrile oxide (2c)7 would provide additional efficiency to the

isoxazoline route to amino sugars.

N
C»‘" = R-CHO

1 2
a, R = SiMe
>thes
b, R = cn-ﬁph3
c, R = CNO

The chlorooxime hydrochloride 3, which can be readily obtained by
chlorination of 2-formylthiazole oxime,s has already proven to be a conven:ent
precursor to nitrile oxide le. Thus, slow addition of a highly diluted solution
of triethylamine in furan to a suspension of 3 in furan afforded the
furoisoxazoline 4a in excellent isolated yield (82%) (Scheme 1). Under these
conditions, the formation of the regioisomer 4b as well as the nitrile oxide
dimer (Furoxan)5 was completely suppr‘essed.8 The stereochemistry (regio- and
diastereo-) of cycloadduct 4a was assigned from the nmr & values of 3a-H (6.42
ppm} and 6a-H (6.07 ppm) (J = 8.8 Hz) which compare quite well with those of
other nitrile oxide-furan cycloadducts.6 it is worth pointing out that the high
isolated yield of furoisoxazoline 4a indicates that nitrile oxide 1lc is an
effective 1,3-dipolar system, The high reactivity of lc may be attributed to the
electron acceptor character of the 2-thiazolyl group,9 since electron-
attracting substituents are known to increase the 1,3-dipolar reactivity of

nitrile oxvxicfes.]0

The thiazole substituted furoisoxazoline 4a proved to be easily transformed
into the amino sugar 8 by selective elaboration of the three heterocyclic
moieties. Reactions at the cis-fused bicyclic system were carried out by a
sequence conceptually identical to that of Jéger.éb This involves
bis-hydroxyalkylation of the carbon-carbon double bond of the furan part of 4a
by reaction with m-chloroperbenzoic acid in methanol and alkylation of the free
hydroxy group with benzyl bromide to give the trans-dialkoxyfuranoside 5b (70%
isolated yield). The assigned trans-arrangement of the H atoms at C-4, C-5 and
C-6a is supported by the 1H mnr spectrum of 5a showing two singlets for 4-H and
5-H and a doublet for 6a-H. Hence, since no other diastereoisomers were observed
(nmr) in the crude 5a, the sequential steps which may be reasonably invoked,
viz. exc-epoxidation and selective epoxide opening by methanol, must have

occurred with high stereoselectivity. Likewise, the isoxazoline ring cleavage by
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lithium aluminum hydride (LAH) proved to be highly stereoselective since from 5b
essentially a single diastereomer 6a was obtained in fair yield (78% isolated).

6b

As for other furoisoxazolines cleavage by LAH, the stereochemistry of 6a was
assigned by assuming hydride delivery to the C=N bond from the exo face.
Fortunately, the gﬂgg—thiazole group does not appear to create severe
overcrowding in this process since, in contrast to that reported for the
3-pheny|l substituted furoisoxazoline,éb products from cycloreversion of §b were
not observed. The stereochemistry of 6a (and by inference of its precursors 4a
and 5a) was unequivocally establ| ished following conversion with
carbonyldiimidazole to the furo-1,3-oxazinone 7, which proved to be suitable for
X-ray analysis.ll Hence, the main steric course of the 1,3-dipolar cycloaddition

of 1lc to furan, as well as of the hydroxyalkylation of 4a and the reductive
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cleavage of 5 by LAH have been unequivocally demonstrated. The subsequent
elaboration involved the formyi deblocking from the thiazole ringl’ in
protected forms of 6a, viz. the O-tert-butyldimethylsilyl-N-acetyl 6c (42%) and
the O,N-diacetyl| derivative 6d (49%). Both 6¢c and 6d, upon sequential treatment
with methy! iodide, sodium borohydride, and mercuric chloride in water, afforded
the corresponding protected 5-amino-5-deoxy dialdoidofuranoses 8¢ and 8d in fair
overall yields (78-84%). The above results indicate that the thiazole nucleus is
relevant in the synthetic scheme to the amino sugar 8 (Thiazole-lsoxazoline
Route) particularly with respect to the activation of nitrile oxide-furan
cycloaddition and the efficiency as masked formyl group equivalent. Therefore,

the thiazole nucleus is expected to be more widely applicable in this scheme

than other formyl protecting groups employed so far7

One- and two-carbon chain elongation of the protected amino dialdohexose 8
was carried out by reaction with the substituted thiazoles la and lb (Scheme 2).
The N-acetylamino derivative 8d reacted sluggishly with 2-trimethylsilythiazole

(1a) in dichloromethane to give a mixture of diastereomers Qa and 10a in 50:50

ratio and 54% overall yield after 3 days at room temperature, Some degree of
diastereoselectivity (70:30) for this reaction was achieved using
tetrahydrofuran as a solvent although the overall yield was lower (30%). The
identification of diastereomers 9a and 10a as well as of their Q-acetyl

derivatives 9b and 10b from their nmr spectra was ambiguous. However, by analogy

with the main steric course of the addition of la and Grignard reagents to

Scheme |1 o
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N-monoprotected a-amino aldehydes,12 the threo {(syn) configuration of the
major diastereomer 9a obtained in THF seems |likely. Further to that, the

Wittig-type reaction of 8d with the phosphorane 1b generated in toluene as
previously described,4 afforded exclusively the E-alkene sugar 11 in acceptable
yield (38%).13 By virtue of the thiazole-formyl equivalence, compounds 9, 10 and
11 are thiazole masked precursors of aminoheptoses and aminooctoses
respectively.

In conclusion, we have developed a route to long-chain amino sugars which
exploits the reaction of three different functionally substituted thiazoles
la~-c, viz. a nitrile oxide, a trimethylsilyl derivative, and a
methylenephosphorane. The importance of amino sugars in natural products
chemistry and their synthesis from non-sugar precursors are commonplace in

6,14

organic chemistry.

Experimental Section

Melting points are uncorrected. lH NMR spectra (in CDCI_,} were obtained on a
80 MHz WP-80 spectrometer. Chemical shifts are given in parts per million from
tetramethylsilane as internal standard. Infrared spectra were recorded on a
Perkin Elmer Model 297 grating spectrometer. Mass spectra were obtained at 70 eV
on a Varian Mat CH-7 high resolution mass §pectrometer. 2-(Trimethylsilyl)-

thiazole (la) was prepared as decribed. 2-Thiazolylmethylenetriphenyl-
phosphorane {1b) was generated in situ ifom the corresponding phosphonium
chloride and potassium tert-butoxide. 2-Thiazolylhydroxamoyvl chloride

hyvdrochloride (3), the precursor of nitrile oxide l¢c was prepared as described.

Cycloaddition of Thiazole-2-carbonitrile N-oxide (1c) to Furan. A solution of
triethylamine (2.78 mlL, 20 mmol) in furan (100 mL) was added dropwise over a
pertod of 48 h to a suspension of 2-thiazolyihydroxamoy!l chloride hydrochloride
(3) (2 g, 10 mmol) in furan (72 mL, | mol) at room temperature and under N,.. The
solvent was removed under vacuum and diethy! ether (50 mL) was added to the
residue. After washing the solution with saturated NaHCQ,, the organic layer was
dried (Na,S0,), filtered and the solvent was remdved in vacuo. Flash
chromatography of the residue (silica gel, 7:3 petroleum ether-diethyl ether)
gave 1.59 g (82%) of 3—(2-thiazolyl)—3a,6a-dihydrofuro[2,q—d%isoxazole (4a): mp
58-60° C (from diethyl ether-n-hexane); IR (CCl,) 1605 cm” ; 'H NMR § 5.42 (t, 1
H, J = 2.6 Hz), 6.07 (dm, 1 H, J = 8.8 Hz), 6.4% (d, 1 H, J = 8.8 Hz), 6.68 (m,
1 H), 7.48 (d, 1 H}, §.00 (d, 1 H,
intensity) 194 (M , 68, 164 (100),
49.47; H, 3.12; N, 14.43. Found: C, 49.45; H, 3.09; N, 14.45.

= 3.2 Hz); mass spectrum m/e (relative

36 (50). Anal. Calecd for CSHéNzOZS: C,

J
1

6-Hydroxy-5-methoxy-3-(2-thiazolyl)-tetrahydrofuro[2, 3-d] isoxazole (5a). A
sotution of the furoisoxazoline 4a (2 g, 10.3 mmol) in dry methano! (80 mL) was
added dropwise to a cooied {0° C) and stirred solution of m-chloroperbenzoic
acid (3.56 g, 20.6 mmol) in the same solvent (80 mL)}. Stirring was continued for
20 h at room temperature, the solution was concentrated and then anhydrous
Na,CO, was added. The mixture was stirred for 20 min and then the solid filtered
of?. ?he solution was added to a stirred suspension of Al,0_ [Aluminum Oxide 90
active, neutral (1} Merck (70-230 mesh ASTM)] (90 g) in dry diethyl ether (70
ml) and methano! (40 ) (the suspension was stirred for 30 min before adding
the reaction mixture). After 2 h, methanol (160 mL) was added and stirring was
continued for 3 h to extract the product. The suspension was filtered through
Celite and Al 0, was washed several time with methanol. The solvent was removed
under vacuum “and the residue was chromatographed (silica gel, 7:3
dichloromethane-ethyl acetate) to give 2.36 g {95%) of the 6-hydroxy-5-methoxy
derivative 5a: sirup oil; H NMR § 3.1 (s, 3 H), 4.56 (s, 1 H), 5.09 (s, 1 H),
5.11 (d, 1 H, J = 7.6 Hz), 6.23 (d, 1 H, J = 7.6 Hz), 7.47 (d, 1 H, J = 4.2 Hz),

7.99 (d, t H, J = 3.2 Hz). Anal. Caled for C9H10N2045: C, 44.63; H, 4.16; N,



3220 A. DonDoOM €7 al.

11.57. Found: C, 44.60; H, 4.12; N, 11.62.

6-Benzyloxy~5-methoxy-3-(2-thiazolyl)-tetrahydrofuro[2,3-d] isoxazole {5b). To
a solution of 5a (0.4 g, 1.65 mmol) in dry tetrahydrofuran (30 ml) was added
portionwise NaH S0% (90 mg, 1.98 mmol). The reaction mixture was stirred and
gently refluxed for 20 min and then benzy! bromide (0.23 mwmlL, 1.98 mmo!) was
added together with tetrabutylammonium iodide (0.1-0.2 g). After 2 h, the
solvent was removed under vacuum and water was added. After extraction with
diethy! ether and usual! work up, the residue was chromatographed (silica gel,
7:3 petroleum ether-ethy!| acetate) to give 0.4 (73%) of 6-benzyloxy derivative
Sb: mp 88-90° C (from ethyl acetate-n-hexane}; 'H NMR & 3.07 (s, 3 H), 4.27 (s,
1 H), 4.66 (S, 2 H), 5.0 (d, 1 H, J =8 Hz), 5.1 (s, 1 H), 6.17 (d, 1 H, J = 8
Hz}, 7.33 (s, S H), 7.41 (3, t H, § = 3.2 Hz), 7.97 (d, 1 H, J = 3.2 Hz); mass
spectrum m/e (relative intensity) 332 (M, 10), 272 (72}, 243 (100}, 91 (80).
Anal. Calced for C16H16N204S: C, 57.83; H, 4.85; N, 8.43. Found: C, 57.87; H,
4.81; N, 8.41.

Methyl (55)-5-Amino-2-0-benzyloxy-5~deoxy-5-(2-thiazolyl)-a-L-xylofuranoside
{6a). To a stirred and cooled {(C° ) suspension of lithium aluminum hydride
(LAH) (0.51 g, 13.5 mmol) in diethy! ether (60 mL) was added dropwise a solution
of the furoisoxazoline §5b (1.49 g, 4.5 mmol) in the same solvent (60 mt). After
3 h stirring at room temperature, the reaction mixture was hydrolyzed (per
gramme LiAlH, : 1.0 miL of H20, 0.75 mL o?‘gﬂ% NaQH, 1-3.5 mL H,O until the
precipitate %ecame colorless and granular ) The solvent was ‘decanted and
dichloromethane was added to the solid and stirred for 12 h. The solid was
filtered off and washed throughly with dichlioromethane. The combined solvents
werg evaporated in vacuo to give the crude product 6a (1.18 g, 78%): mp 91-93°
C; H NMR 4 3.37 (br, 3 H), 3.45 (s, 3 H), 4.06 (s, 1 H), 4.35 (m, 2 H), 4.67
(m, 3 H), 4.98 (s, 1 H), 7.31 (s, 6 H), 7.75 (d, 1 H, J = 3.6 Hz). Anal. Calcd
for C16H20N204S: C, 57.13; H, 5.99; N, 8.33. Found: C, 57.09; H, 6.01; N, 8.30.

N,O-Acetylation of 6a. To a stirred solution of the amino alcohol 6a (0.34
g, 1 mmol) and triethylamine (0.17 mL, 1.3 mmol) in dichloromethane (10 mL) was
added acetyl chloride (0.1 mbi, 1.3 mmol). After 1 h at room temperature, the
mixture was washed with saturated NaHCO, and dried (Na230 }). The solvent was
removed under vacuum and the residue ‘was chromatographeé (silica gel, 1:1
dichloromethane-ethy!l acetate) to give 0.08 g (19%) of the N,O-diacetyl
derivative 6d and 0.25 g (66%) of the N-acetyl derivative 6b.

The N,0-diacety! derivative 6d showed the Followingi mp 104-106° C (from
ethy! acetate-petroleum ether); IR (CHCI. ) 1740, 1680 cm ; "H NMR § 2.06 (s, 3
M), 3.45 (s, 3 H), 4.02 (m, L H), 4.67 (dd, 2 H), 4.96 (d, 1 H), 5.37 (m, 3 H),
6.90 (br, 1 H), 7.25 (d, 1 H, J = 3.2 Hz), 7.35 (s, 5H), 7.75 (d, 1 H, J = 3.2
Hz); mass spectrum m/e (relative intensity) 420 (M, 30), 265 (100), 91 (80).
Anal. Caled for C20H24N206S: C, 57.13; H, 5.75; N, 6.66., Ffound: C, 57.09; H,
5.78; N, 6.60.

The N-acetyl derivatiyf ?b: mp 118-120° C (from ethyl acetate-petroleum
ether); IR (CHCY,) 1650 cm ; H NMR § 2.02 (s, 3 H), 3.35 (s, 3 H), 3.95 {m, 1
H), 4.95 (m, 1 HY, 4.6 (s, 2 H), 4.7 (m, 1 H), 4.92 (s, 1 H), 5.75 (m, 1 H), 6.9
{br, 1 H), 7.3 (s,+6 H), 7.7 (d, 1 H, J = 3.2 Hz); mass spectrum m/e (relative
intensity) 378 (M, 30}, 265 (30), 91 (100). Anal. Calcd for C18H22N2053: C,
57.13; H, 5.86; N, 7.40. Found: C, 57.15; H, 5.81; N, 7.44.

The acetylation of 6a (0.34 g, | mmol) with an excess (3 equiv) of acetyl
chloride and triethylamine gave after 3 h at room temperature, usual work-up and
chromatography 0.2 g (49%) of 6d and and 0.041 g (11%) of 6b.

0-Silylation of 6b. A solution of the N-acetyl derivative 6b {(C.22 g, 0.58
mmol), triethylamine (0.2 mL, 1.4 mmol) and tert-butyldimethylsilyl chloride
{0.21 g, 1.4 mmol) in dimethyiformamide (5 ml) was stirred for 48 h at room
temperature. The solvent was removed under vacuum, the residue was diluted with
ethy! acetate and washed with saturated NaCl. The organic layer was dried
(Na 504) and the residue was <chromatographed (silica gel, 1;:1  ethyl
ace%ate-petroleum ether) to give 0.2 g (70%) of 6¢c: mp 91-93° C (from ethyl
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acetate-petroleum ether); IR (CCi,) 1700 t:rn“1

. ; "M ONMR & 0.087 (s, 6 H), 0.9 (s,
9 H), 2.0 (s, 3 H), 3.33 (s, 3 H); 4.17 (dd, 1 H), 4.57 (m, 3 H), 4.87 (d, 1 H),
5.02 (dd, 1 H), 5.5 (dd, 1 H), 7.17 (d, 1 H, J = 3.2 Hz), 7.32 (s, S H), 7.72
(s. 1 H, 4= 3.2Hz). Anal. Calcd for C,H (N)OSSi: C, 58.50; H, 7.36; N, 5.69.

Found: C, §8.55; H, 7.33; N, 5.72.

7-Benzy | oxy~6-methoxy-4-{2-thiazolyl)-tetrahydrofuro[2, 3—e]l, 3~oxazin-2-one
(7). A solution of the amino alcohol 6a (0.49 g, 1.46 mmol) and
1,1’-carbonyldiimidazole (0.35 g, 2 mmol) in tetrahydrofuran (10 mL) was stirred
for 2 h at room temperature. The solvent was removed under vacuum and the
residue was chromatographed (silica gel, 1:1 dichloromethane-ethy! acetate) to
gi!T 0r44 g {B3%) of the furo-1,3-oxazinone 7: mp 189° C, dec.; IR (KBr} 1710
cm ; H NMR 4 3.35 (s, 3 H), 4.19 (s, 1 H), 4.64 (s, 2 H), 4.87 (s, 2 H), 5.00
(s, 1 H), 5.10 (s, 1 H), 6.00 (br, 1 H), 7.35 (s, 5 H), 7.45 (d, 1H, J = 3;2
Hz), 7.80 (d, 1 H, J = 3.2 Hz); mass spectrum m/e (relative intensity) 362 (M,
35), 271 (10), 205 (45), 91 (100). Anal. Calcd for Cl7H18N2055: C, 56.35; H,
5.01; N, 7.73. Found: C, 56.39; H, 5.04; N, 7.70.

Formyl Group Unmasking in Xylofuranoside Derivatives 6c and 6d. General
Procedure. A sciution of the xylofuranoside 6 (4.6 mmol) and methyl iodide (6.5
g, 46 mmol) in acetonitrile (30 mL) was refluxed untill the total disappearance
of 6 by t.l.c. (ca. 2 h). The solvent was evaporated under reduced pressure and
the residue was dissolved in methanol (40 mL) To the solution was added
portionwise NaBH, (0.34 g, 9.2 mmol) at 0° C and, after 30 min stirring, acetone
(2 mL). The solvent was evaporated, the residue was treated with saturated NaCl
and extracted with ethyl acetate. The solvent was removed in vacuo and the
residue dissolved in acetonitrile (4 mL) was added to a solution of 1.2 equiv of

HgCl,_ in acetonitrife/water 4/1 (20 mL). After stirring at room temperature for
15 min, the reaction mixture was filtered and the solvent was removed under
vacuum. The residue was treated with saturated Nall and extracted with

dichloromethane. Distiliation of the solvent gave the aldehyde 8.

From 6c, the aidehyde 8c (1.68g, 84%): oil; IR (CCIl,) 1740, 1695 cm_l; lH NMR
50.062 (s, 6 H), 0.87 (s, 9 H), 2.03 (s, 3 H), 3.40 s, 3 H), 3.84 (dd, 1 H),
4.47 (m, 2 H), 4.56 s, 2 H), 4.81 (m, 2 H), 6.7 (br, 1 H), 7.3 (s, S5 H), 9.62
(s, 1 H). Anal. Calcd for C22H35N06Si: C, 60.38; H, 8.06; N, 3.20. Found: C,
60.33; H, 8.00; N, 3.22.

From 6d, the aldehyde Bd (1.3 g , 78%): oil; IR (CHCI,) 1740, 1680 L
NMR § 2.03 (s, 6 H), 3.40 (s, 3 H), 4.0 {m, 1 H), 4.62 (m,” 3 H), 4.90 (d, 1 H),
5.18 (m, 2 H), 6.8 (br, 1 H), 7.31 (s, 5 H), 9.62 (s, 1 H). Anal., Calecd for
C18H23N07: C, 59.18; H, 6.33; N, 3.83. Found: C, 59.15; H, 6.37; N, 3.80.

Reaction of Dialdose 8d with 2-Trimethylsilylthiazole (la). A solution of
dialdose 8d (0.3 g, 0.82 mmol) and 2-trimethylsilylthiazole la (0.19 g, 1.2
mmol) in dichloromethane (5 mL) was stirred for 3 days at room temperature.
Tetrabutylammonium fluoride in tetrahydrofuran (1 mL) was added and stirring
continued for 1 h. The mixture was washed with saturated NaCl and dried
(Na,SO,). The solvent was removed wunder vacuum and the residue was
chromatographed (silica gel, ethyl acetate) to give 0.1 g (27%) of 9a and 0.1 g
(27%) of 10a.

The diastereomer 9a: oil; IR (CHCI,) 1745, 1680, 1610 cm™'; ' NMR § 1.94 (s,
3H), 2.06 (s, 3 H), 3.42 (s, 3 H), 3.95 (dd, 1 H), 4.42 (m, 1 H), 4.62 (d, 2
H), 4.90 (d, 1 H), 5.00 (m, 1 H), 5.27 (m, 2 H), 6.50 (br, 1 H), 7.32 (s, 5 H),
7.75 (d, 1 H, J = 3.2 Hz). Anal. Calcd for C, H,N,0.S: C, 55.99; H, 5.82; N,
6.22. Found: C, 56.03; H, 5.80; N, 6.20.

The diastereoisomer 10a: oil; IR (CHC!.) 1735, 1680, 1610 cm_l; lH NMR 4 1.95
(s, 3 H), 2.06 (s, 3 H), 3.42 (s, 3 H), 3.96 (dd, 1 H), 4.32 (m, 1 H), 4.62 (d,
2 H), 4,90 (m, 2 H), 5.20 (m, 2 H), 6.65 (br, 1 H), 7.32 (s, 6 H), 7.75 (d, | H,
J = 3.2 Hz). Anal. Calcd for C21H26N207S: C, 55.99; H, 5.82; N, 6.22. Found: C,
55.94; H, 5.83; N, 6.25.

The reaction was also carried out in tetrahydrofuran (5 mlL) starting from 7d
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(0.171 g, 0.46 mmol) and 1a (0.5 g, 3.2 mmol) and stirred for 48 h. After usual
work up, chromatography of the residue gave 0.018 g (8.7%) of 10a and 0.043 g
{21%) of 9a.

Acetylation of the Diastereomers 9a and 10a. General Procedure. A solution of
9a (or 10a) (0.045 g, 0.1 mmol) and acetyl chloride (0.078 g, 1 mmol) in
pyridine (2 mL) was stirred at room temperature for 30 min. The mixture was
diluted with diethy! ether and washed with saturated NaHCO_. The organic layer
was dried (NaZSO ) and the residue was chromatographed “(silica gel, ethyl
acetate) to give éke acetyl derivative 9b (or 10b).

_{roT 9a, the acetyl derivative 9b (0.047 g, 93%): oil; IR (CHC|3) 1785, 1695
cm ; H NMR & 1.84 (s, 3 H), 2.06 (s, 3 H), 2.13 (s, 3 H), 3.43 (s, 3 H), 3.97
(dd, 1 H), 4.46 (m, 1 H), 4.60 (s, 2 H), 4.72 (dd, 1 H), 4.87 (d, 1 H), 5.20
(dd, 1 H), 6.03 (d, 1 H, J = 7.1 Hz)}, 6.45 (br, 1 H), 7.30 (s, 6 H), 7.74 (d, 1
H, J = 3.2 Hz). Anal. Calcd for C23H28N2085: C, 56.09; H, 5.73; N, 5.69. Found:
C, 56.12; H, 5.75; N, 5.65.

Froqdloi, the acetyl derivative 10b (0.045 g, 91%): oil; IR (CHC13) 1785,
1695 ¢cm ; H NMR 4 1.91 (s, 3 H), 2.06 (s, 3 H), 2.12 (s, 3 H), 3.46 (5, 3 H),
3.97 (dd, 1 H), 4.39 (m, 1 H), 4.58 (s, 2 H), 4.73 (dd, 1 H), 4.88 (d, t H),
5.17 (dd, 1 H), 6.26 (d, 1 H, J = 7.6 Hz), 6.58 (br, 1 H), 7.30 (s, 6 H), 7.79
(d, 1 H, J = 3.4 Hz). Anal. Caled for C__ H_,N.0.S: C, 56.09; H, 5.73; N, 5.69.

Found: C, 56.09; H, 5.70; N, 5.71. 237287278

Reaction of Dialdose 8d with 2-Thiazolylmethylenetripheny|phosphorage 1b. To
a stirred suspension of 2-thiazolylmethyltriphenylphosphonium chloride” (0.4 g,
1 mmol) in toluene (20 mbL) was added potassium tert-butoxide (0.11 g, 1| mmol).
After 30 min, a solution of the aldehyde 8d (0.18 g, 0.5 mmol) in toluene (5 mL)
was added dropwise. After 12 h at room temperature, the mixture was filtered
through Celite and the solvent was removed under vacuum. The residue was
chromatographed (silica gel, 7:3 ethyl acetate—petrolfumlether) to give 0.084 g
(38%) of the alkene 11: oil; IR (CCl,) 1750, 1690 cm "; H NMR & 2.00 (s, 3 H),
2.07 (s, 3 H), 3.45 (s, 3 H), 4.05 (3d, 1 H), 6.5 (dd, 1 H, J = 4.2 Hz, J = 16
Hz), 6.78 (d, 1 H, J = 16 Hz), 7.17 (d, 1 H, J = 3.1 Hz), 7.30 (s, ¢ H), 7.70
(d, 1 H, J = 3.1 Hz); mass spectrum m/e (relative intensity) 446 (M ,30), 265
(10), 200 (20), 84 (80), 57 (100). Anal. Calcd for C,.H,  N,0.S: C, 59.18; H,

5.87; N, 6.28. Found: C, 59.15; H, 5.83; N, 6.31. 227267276
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