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Sumary : The nitri le oxide-furan cycloadduct thiarole 
furoisoxaroline 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; ii) reduct i ve 
cleavage of the isoxaroline ring; i i i ) conversion of 
thiarole into formyl. One- and two-carbon chain extension of 
the resulting amino hexose by react ion with 
2-trimethylsilylthiazole and 2-thiazolylmethylenetriphenyl- 
phosphorane respectively affords C 

7 
and C 

8h 
omologues. 

2-Substituted thiaroles 1 are convenient masked equivalents of aldehydes 

since the thiarole nucleus represents a remarkably stable system which survives 

a variety of react i on conditions and tolerates other functional group 

manipulatrons; nevertheless, it can be converted into the formyl group through a 

sequence of simple and high yield operations, * alkylation to the 

N-quaternary thiazolium salt, reduction to the thiazotidine, meta I assisted 

hydrolysis. 1,2 Once this feature is combined with the reactivity of an 

appropriate functional group R attached to C-2 of the th iarole ring, one may 

design synthetic routes to complex molecular systems. In fact, we have 

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

trimethylsilane (2el for the stereoselective homologation of chit-al 

polyoxygenated a I dehydes into long-chain carbohydrates via an iterative 

thiatole-addition and formy I -unmask i ng sequence. 2.3 - Furthermore, 2-th ia- 

zolylmethylenetriphenylphosphorane (lb) has proven to be a new protected formyl 

phosphorane 2b for the two-carbon-chain elongation of a I dehydes via a 

Wittig-olefination and formyl-unmasking sequence. 4tl aving decided to extend this 

concept to other functionally substituted thiaroles, we report here our 

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

+ D d’ e icated to Professor Edbard 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 

methol ogy is the nitri le oxide-furan addit ion, a highly regioselect ive 

1,3-dipolar cycloaddition which has been originally described by Csramella, 

Griinanger, Houk and their coworkers 
ba 

and uhose synthet ic value as a key step 

towards amino sugars (Isoxazoline Route) has been substantially disclosed by 

Jiger and his students. 
6b 

We hoped that the use of nitr i le oxide lc as a new 

masked formyl nitrile oxide (2~) 7 would provide additional efficiency to the 

isoxazoline route to amino sugars. 

Cr f’: - 
*I? = R-CHO 

1 2 

a, R = SiMe 

b, R = T&h3 

c, R = CR0 

The chlorooxime hydrochloride 3, which can be readily obtained by 

chlorination of 2-formylthiarole oxime, 5 has a I ready proven to be a convenient 

precursor to nitrile oxide lc. 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 8 
was completely suppressed. The stereochemistry (regio- and 

diastereo-) of cycloadduct 4.a was assigned from the nmr d 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 lc is an 

effective 1,3-dipolar system. The high reactivity of lc may be attributed to the 

electron acceptor character of the 2-thiarolyl 9 
group, since e I ectron- 

attract i ng substituents are knotin to increase the 1,3-dipolar reactivity of 

nitri le oxides. 
10 

The thiazole substituted furoisoxazoline 4e proved to be easity transformed 

into the amino sugar 8 by selective elaboration of the three heterocyc I ic 

moieties. React ions at the cis-fused bicyclic system were carried out by a 

sequence conceptua I I y ident ical to that of Jtiger. 
6b 

Th i s i nvol ves 

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 benryl bromide to give the trans-dialkoxyfuranoside 5b (70% 

isolated yield). The assigned trans-arrangement of the H atoms at C-4, C-S and 

C-6a is supported by the ‘H mnr spectrum of 5e 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, 

d z-epoxidat ion viz and selective epoxide opening by methano I, must have 

occurred with high stereoselectivity. Likewise, the isoxazoline ring cleavage by 
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Scheme I 

lc 
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Th-CCI=NOH*HCI 

3 

tht 2-Thiarolyl 

4b 

5a.b Sa;R= H 

I 
b;R= Bn 

13, 
H 
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7 CHO 
6a,d 

8c,d 

Ornd8 a; R+=;Ra=.H 

b; R,=Ac. R,= H 

c ; R,=Ac, R2+ t-SuMe,Si 

d: R,=R2=Ac 

lithium aluminum hydride (LAH) proved to be highly stereoselective since from 5b 

essentially a single diastereomer 6a was obtained in fair yield (78% isolated). 

As for other furoisoxazolines cleavage by LAH, 6b 
the stereochemistry of 6a was 

ass i gned by assumihg hydride delivery to the C=N bond from the exo face. 

Fortunately, the endo-thiazole group does not appear to create severe 

overcrowding in th i s process since, in contrast to that reported for the 

3-phenyl substituted furoisoxaroline, 6b 
products from cycloreversion of 5b were 

not observed. The stereochemistry of 6a (and by inference of its precursors 4a 

and 5a) kdS unequivocally estab I i shed fol lowing conversion with 

carbonyldiimidazole to the furo-1,3-oxazinone 7, which proved to be suitable for 

X-ray analysis. 11 
Hence, the main steric course of the 1,3-dipolar cycloaddition 

of Ic to furan, as wel I as of the hydroxyalkylation of ~$a and the reduct ive 
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cleavage of 5 by LAH have been unequivocally demonstrated. The subsequent 

elaboration involved the formyf deblocking from the thiazole ring 1,2 in 

protected forms of 6a, viz. the 0-tert-butyldimethylsilyl-z-acetyl 6c (42%) and -- 

the c,N-diacetyl derivative 6d (49%). Both tic and 6d, upon sequential treatment 

with methyl iodide, sodium borohydride, and mercuric chloride in water, afforded 

the corresponding protected 5-amino-5-deoxy dialdoidofuranoses 8c and 8d in fair 

overall yields (78-84s). Th e above results indicate that the thiarole nucleus is 

relevant in the synthetic scheme to the amino sugar 8 (Thiarole-lsoxaroline 

Route) particularly with respect to the activation of nitrile oxide-furan 

cycloaddition and the efficiency as masked formyl group equivalent. Therefore, 

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

than other formyl protecting groups employed so far 7 . 

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-trimethylsilythiarole 

(la) in dichloromethane to give a mixture of diastereomers 9a and 10a in 50: 50 

rat i o and 54% overa I I y ie Id after 3 days at room temperature. Some degree of 

diastereoselectivity (70: 30) for th i s react ion was ach i eved using 

tetrahydrofuran as a solvent although the overall yield was lower (30%). The 

identification of diastereomers 9a and 10a as well as of their CJ-acetyl 

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

with the main ster ic course of the addition of la and Grignard reagents to 

Scheme I I 
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N-monoprotected a-amino aldehydes, 
12 

the threo (~1 configuration of the 

major diastereomer 9e obtained in TWF seems I ikely. Further to that, the 

Wittig-type reaction of 86 with the phosphorane lb generated in toluene as 

previously described, 
4 

afforded exclusively the f-alkene sugar 11 in acceptable 

yieId (38%).13 By virtue of the thiarole-formyl equivalence, compounds 9, 10 and 

11 are thiarole masked precursors of aminoheptoses and aminooctases 

respectively, 

In conclusion, we have developed a route to long-chain amino sugars which 

exploits the reaction of three different functionally substituted thiaroles 

la-c, & a nitri le oxide, a trimethylsilyl derivative, and a 

methylenephosphorane. The importance of amino sugars in natura I products 

chemistry and their synthesis from non-sugar precursors are commonplace in 

organic chemistry. 6,14 

Experimental Section 

Melting points are uncorrected. ‘H NMR spectra fin CDC13) were obtained on a 
80 MHz WP-80 spectrometer. Chemical shifts are given in parts per million from 
tetramethylsiiane 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-(TrimethyIsilyt)- 
thiazole (la) has prepared as decribed. 3 2-Thiazolylmethylenetriphenyl- 
phosphorane (lb) was generated in situ drorn the corresponding phosphonium 
chloride and potass i urn tert-butoxide. 2-Thiazolylhydroxamoyl chloride 
hydrochloride (3), the precursor of nitrile oxide lc was prepared as described.’ 

Cyclosddition of Thiazole-2-carbonitrile N-oxide (1~) to Furan. A solution of 
triethylamine (2.78 ml, 20 mmol) in furan (1CO ml_) was added dropwise over a 
period of 48 h to a suspension of 2-thiazolylhydroxamoyl chloride hydrochloride 
(3) (2 g, 10 mmol) in furan (72 mL, 1 mol) at room temperature and under N . The 
sol vent was removed under vacuum and diethyl ether (50 mL I was added t% the 
residue. After washing the solution kith saturated NaHCO the organic layer was 
dried INa2SOq), f i ltered and the sol vent was 3’ removed in vacua. Flash 
chromatography of the residue (silica gel, 7:3 petroleum ether-diethyl ether) 
gave I.59 g (82%:) of 3-f2-thiazolyl I-3a,ba-dihydrofuro[2,_+d\isoxazoIe (4s): mp 
j8-60” C (from diethyl ether-n-hexane); IR (CC1 1 1605 cm * H NMR b 5.42 (t, 1 
H, J = 2.6 Hz), 6.07 (dm, 
1 HI, 

1 H, J = 8.8 Hz), 6.44 (d, l Ii, J’s 8.8 Hz), 6.68 Im, 
7.48 Ld, f Ii>, 8.00 Id, -1 H, 3 = 3.2 Hz); mass spectrum m/e (relative 

intensity) 194 (M , 68, 164 (loo), 136 (50). Anal. 
-_ 

Calcd for C8H6N202S: C, 
49.47; H, 3.12; N, 14.43. Found: C, 49.45; H, 3.09; N, 14.45. 

6-Hydroxy-5-nethoxy-3-(2-thiaIolyl)-tetrahydrofuro(2,3-dJisoxazole (5a). A 
solution of the furoisoxaroline 4a (2 Q, IO.3 mmol) in dry methanol (80 mL) was 
added dropwise to a cooled (O* Cl and stirred solution of m-chloroperbenroic 
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 

:X0+ 
was added. The mixture was stirred for 20 min and then the solid filtered 

he solution was added to a stirred suspension of Al 0 [Aluminum Oxide 90 
active, neutral (11 Merck (70-230 mesh ASTM)] (90 g) in 2dr3y diethyl ether (70 
mt) and methanol I40 rq$) (th 
the reaction mixture). 

e suspension was stirred for 30 min before adding 
After 2 h, methanol (160 mL) was added and stirring was 

cant inued for 3 h to extract the product. The suspens ion 
was washed several time with methanol. Cc I i te a;~c~~z03 and 

was f i ltered through 
The sol vent was removed 

under the residue WdS chromatographed (si I ica gel, 7:3 
dichloromethane-ethyl acetpte) to give 2.36 g (95%) 
derivative 5a: sirup oil; 

of the 6-hydroxy-5-methoxy 
H NMR d 3.1 (s, 3 HI, 4.56 (s, 1 H), 5.09 (s, 1 HI, 

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 Id, 1 H, J Y 3.2 Hz). Anal. Calcd For C H 

9 10N204S: C, 44.63; 1, 4.16; N, 
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acetate-petroleum ether); IR (CC1 1 170(! cm -la 

9 HI, 2.0 (9, 3 H), 3.33 fs, 3 HI4 4.17 (dd, ; 
‘H NMR d 0.087 (s, 6 H), 0.9 (s, 
HI, 4.57 (m, 3 HI, 4.87 (d, 1 HI, 

5.02 (dd, 1 H), 5.5 (dd, 1 H), 7.17 (d, 1 II, J = 3.2 Hz), 7.32 (s, 5 H), 7.72 
(S, 1 H, j = 3.2 HZ). Anal. Calcd for C 

Found: C, 58.55; H, 7.33; N, 5.72. 
24H36N20jSSi: C, 58.50; H, 7.36; N, 5.69. 

7-&enryloxy-&--ethaxy-4-f2-thiatolyl)-tetrahydrofuro~,3-e~l,3-ox~zin-2-one 
17). A solution of the amino alcohol 6a (0.49 9, 1.46 mm01 1 and 

l,l’-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:l dichloromethane-ethyl acetate) to 

9iy Of44 g (83%) of the furo-1,3-oxazinone 7: mp 189” C, dec.; IR (KBrf 1710 

cm ; H NMR d 3.35 (s, 3 H), 4.19 (s, 1 Hl, 4.64 (s, 2 HI, 4.87 (s, 2 H), 5.00 
(S, 1 Hl, 5.10 (s, 1 HI, 6.00 Ibr, 1 H), 7.35 (s, 5 HI, 7.45 (d, lH, 
Hz), 7.80 (d, 1 H, J q 3.2 lir); mass spectrum m/e (relative intensity) 

J = 3,2 
362 (M , 

351, 271 (lo), 205 (45), 91 (100). Anal. Calcd for C17H18N205S: 6, 56.35; H, 

5.01; N, 7.73. found: C, 56.39; H, 5.04; N, 7.70. 

Forryl Group Unmesking in Xylofuranoside Derivatives 6c and 6d. Genera I 
Procedure. A solution of the xylofuranoside 6 (4.6 mmoif and methyl iodide 16.5 

g, 46 mmoI) in acetonitrile (30 mLI wes refluxed until1 the total disappearance 

of 6 by t.1.c. (ca. 2 hf. 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 O0 C and, after 30 min stirring, acetone 

(2 mL). The solvjnt was evaporated, the residue was treated with saturated NaCl 
and extracted with ethyl acetate. The solvent was removed in vacua and the 
residue dissolved in acetonitrile (4 mL) r*as added to a solution of 1.2 equiv of 

HgCl in acetonitrifelwater 4/l (20 mLf. 
15 mTn, 

After stirring at room temperature for 

the reaction mixture was filtered and the solvent kas removed under 

vacuum. The residue was treated with saturated NaC I and extracted with 

dichloromethane. Distillat 106 of the solvent gave the aldehyde 8. 

From 6c, the aldehyde 8c (1.689, 84%): oil; lR (CC1 I 1740, 1695 cm-l. ‘H NMR 

I5 0.062 (s, 6 Hf, C.87 fs, 9 HI, 2.03 Cs, 3 HI, 3.40 fs, 3 HI, 3.84 (dd’, 1 hl, 

4.47 (m, 2 H), 4.56 s. 2 HI, 4.81 (m, 2 H), 6.7 (br, 1 H), 7.3 (s, 5 H), 9.62 
ts, 1 HI. 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 8d (1.3 g , 78%): oil; IR (CHCl 
-1 

NM!? d 2.03 (s, 6 HI, 3.40 fs, 3 HI, 4.0 fm, 1 Hl, 4.62 rrnP 

1 1740, 1680 cm ; lH 

3 Hf, 4.90 td, 1 H), 
j.18 (m, 2 H), 6.8 (br, 1 H), 7.31 (s, 5 H), 9.62 (s, 1 H). Anal. Calcd for 

C18H23N07: 
Z, 59.18; H, 6.33; N, 3.83. Found: C, 59.15; H, 6.37; N, 3.83. 

Reaction of Dieldose 8d with 2-Tri~ethylsilylthiarolt (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 mLf was stirred for 3 days at room temperature. 

Tetrabutylammontum fluoride in tetrahydrofuran (1 mL) was added and stirring 

cant i nued for 1 h. The mixture was washed with saturated NaCl and dried 

(Na2S04). The solvent *as removed under vacuum and the residue uas 

chromatographed (silica gel, ethyl acetate) to give 0.1 g (27%) of 9e and 0.1 g 

(27%) of 10a. 

The diastereomer 9a: oil; IH (CHCI 1 1745, 1680, I610 cm-‘; ‘I+ NMR d 1.94 (s, 

3 HI, 2.06 (s, 3 HI, 3.42 (s, 3 H1, 3-95 (dd. 1 Hj, 4.42 fm, 1 HI, 4.62 fd, 2 

H), 4.90 (d, 1 H), j.00 (m, 1 HI, 5.27 (m, 2 H), 6.50 (br, 1 H), 7.32 (s, 5 HI, 

7.75 (d, 1 H, _i = 3.2 Hz). Anal. Calcd for C21H26N207S: C, 55.99; H, 5.82; N, 

6.22. Found: C, 56.03; H, 5.80; N, 6.20. 

The diastereoisomer 10a: oil; IR (CHCl 1 1735, 1680, 1610 cm-‘. ‘H NMR b 1.95 
(s, 3 HI, 2.06 (9, 3 Hf, 3.42 fs, 3 H), 3.96 fdd, 1 HI, 4.32 (m,’ 1 H), 4.62 Id, 
2 HI, 4.90 (m, 2 HI, 5.20 (m, 2 H), 6.65 (br, 1 H), 7.32 (s, 6 H), 7.75 (d, 1 H, 
_I = 3.2 Hz). Anal. Calcd for Cpl 26 2 , H N 0 S: 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 mL) starting from 7d 
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(0.171 g, 0.46 mmol) and la (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 LOa) (0.045 g, 0.1 mmol) and acetyl chloride (0.078 g, 1 mmol) in 
pyridine (2 mL) we5 stirred at room temperature for 30 min. The mixture. was 

diluted with diethyl ether and washed with saturated NaHC03. The organic layer 
was dried (Na2SO< and the residue was chromatographed (si I ica gel, ethyl 

acetate) to give t e acetyl derivative 9b (or lob). 

the acetyl derivative 9b (0.047 g, 93%): oil. IR (CHCI ) 1785, 1695 
cm -‘roTH9%R b 1 84 (s, 3 H) 2 06 (s, 3 H) 2 13 (s, 3 ;, 3 43 (2, 3 H) 3 97 
(dd,‘l H), 4.46 ‘(m, 1 HI, 41.60’ (s, 2 HI, 4.7;. (dd, 1 HI,’ 4.87 (d, 1 HI: 5:20 

(dd, 1 HI, 6.03 (d, 1 H, J = 7.1 Hz), 6.45 (br, 1 Hf, 7.30 (5, 6 HI, 7.74 (d, 1 

H, J = 3.2 Hz). Anal. Calcd for C23 28 2 8 H N 0 S: C, 56.09; H, 5.73; N, 5.69. Found: 

C, 56.12; H, 5.75; N, 5.65. 

the acetyl 

From_llo+li NMR d 1 91 ( 1695 cm * 
derivative 10b (0.045 g, 91%): oil; IR (CHC13) 1785, 

3.97 (dd,’ 1 HI, 4.39 ‘(m, 

s, 3 HI, 2.06 (s, 3 HI, 2.12 (s, 3 HI, 3.46 (s. 3 HI, 

1 HI, 4.58 (5, 2 HI, 4.73 (dd, 1 HI, 4.88 (d, 1 HI, 

5.17 (dd, 1 HI, 6.26 (d, 1 H, J = 7.6 Hz), 6.58 (br, 1 HI, 7.30 (5, 6 H), 7.79 
(d, 1 H, J = 3.4 Hz). Anal. Calcd for C23 28 2 8 H N 0 S: C, 56.09; H, 5.73; N, 5.69. 
Found: C, 56.09; H, 5.70; N, 5.71. 

Reaction of Dialdose 8d with 2-Thiazolylmethylenetriphsnylphosphora~e lb. To 
a stirred suspension of 2-thiarolylmethyltriphenylphosphonium chloride (0.4 9, 
1 mmol) in toluene (20 mL) 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 Ce I it= and the solvent was removed under vacuum. The residue was 
chromatographed (silica gel, 7:3 ethyl acetate-petrolfum1ether) to give 0.084 g 

(38%) of the alkene 11: oil; IR (Ccl ) 1750, 1690 cm * H NHR d 2.00 (s, 3 HI, 

2.07 ts, 3 H), 3.45 (s, 3 H), 4.05 (Ad, 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, 0 H), 7.70 
(d, 1 H, 4 = 3.1 Hz); mass spectrum m/e (relative intensity) 446 (M ,301, 265 

!,1;;, 200 (201, 84 (801, 57 (100). Anal. Calcd for C22H26N206S: C, 59.18; H, 

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