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Abstract: The thermal reaction of sugar lactoxime O-vinyl ethers gave the corresponding 1,3-oxazoles
bearing sugar moiety (ribose, glucose, mannose, and maltose) via a novel rearrangement. The reaction
mechanism was briefly discussed.

In our study directed toward the application of sugar lactoxime to organic symhesis,1 we had occasion to
look into the reactions of sugar lactoxime O-vinyl ethers such as D-ribose lactoxime O-vinyl ethers, which
was easily prepared by the reaction of D-tibose lactoxime with dimethyl acetylenedicarboxylate (DMAD) in the
presence of triethylamine.2

In these reactions it was found interestingly that a thermal reaction of (E)-N-(I',2-
dimethoxycarbonylvinyloxy)-2,3-O-isopropylidene-5-O-trityl-D-ribonimido-1,4-lactone 1 gave I'R, 2'R,
3R-2-(3’-hydroxy-1’,2"-isopropylidenedioxy-4-trityloxybutyl)-4,5-dimethoxycarbonyl-1,3-oxazole 2
{Scheme I). We now report the unprecedented thermal rearrangement and its reaction mechanism.
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The Z-isomer (1a) of 1 was heated at 200 °C for 2 min under nitrogen (in a sealed tubc) to give a brown
syrup. Purification by preparative TLC (silica gel B-5F- Et20 : hexane = 2 : 1) yielded 2 as a colorless oil in
88 % yield. Compound 2 was also prepared from 1a in refluxing toluene (21 h, 46 %). The E isomer 1b
also afforded 2 ( 200 °C, 2 min, 70 %).

The structure of 2 was established by spectral evidence3 and the following results: (a) The reaction of 2
with hydrazine gave the corresponding 4,5-dihydroxy-1,3-oxazolo[4,5-dlpyridazine derivative 34. (b) The
NMR data of 2 were different from those of the 1,2-oxazole 49 which was prepared by the reaction of 2,3-0O-
isopropylidene-5-O-trityl-D-ribose nitrile oxide with DMAD.12 (¢} The pyrolysis of 4 gave a small amount
of 2 together with decomposed materials (225 °C, 1 min).® (d) The 13C NMR data of 2 showed signals at
157.0, 136.0, and 142.8 ppm, respectively, the values very close to those of 4-cthoxycarbonyl-2-phenyl-1,3-
oxazole 6 [162.36 (C-2), 134.58 (C-4), and 143.6 ppm (C-5)].7 (e) The thermal reaction of ethyl O-(2'-
ethoxycarbonylvinyl)-N-hydroxyiminobenzoate 58 gave 4-ethaxycarbonyl-2-phenyl-1,3-o0xazole 6 (170 °C, 1
min, 22 %).
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The process 5 to 6 can be considered as follows (Scheme TI1); Initially the cleavage of N-O bond in 5
gives radical fragments 7, which then form an intermediate 8 having more stable C-N bond (bond strength:
N-O, 53.0 Kcal/mol; C-N, 69.7 KcaVrnol9). The species 8 is converted to 6 via 9 by intramolecular
cyclization followed by elimination of ethanol. The transformation 1 to 2 can be regarded just the same.

Compound 2 was also prepared by irradiation of 1 ( 500 W tungsten lamp, 0 °C, in toluene, 17 h, 35 %).
This strongly supports the initial N-O bond cleavage shown in Scheme ITL. 10
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The present reaction was applied to several sugar lactoxime O-vinyl ethers. The result is summarized in
Table. The 1,3-oxazole derivatives 11, 12, and 13 bearing sugar moiety were synthesized starting from the
corresponding sugar lactoxime O-vinyl ether. 11 In the case of 12 and 13, some epimerization took place at
C-2 position of the sugars.

These 1,3-oxazole derivatives are expected to have interesting biological activities because some
macrocyclic antibiotics, alkaloids, 12 and hypolimidemic drugs!3 contain substituted 1,3-oxazole ring. The
present procedure discloses a new synthetic route to 2-alkyl substituted 1,3-oxazoles from carboxylic acid
esters and makes it possible to synthesize various kinds of oxazole derivatives bearing sugar moiety. Further
extension of this reaction is underway in our laboratory.
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1 Table 1
R OH O—P
=N %H A4, N 2
(HO),.O & (RO A
Starting Compounds Products
TrO OH O\[
Starting Compounds Reaction \ /L
Conditions Product Yield N CO,Et
1,.2 »,
Protected R'A 200 °C (%) 0 o)
: ~
Sugar Moisty {min) S ., (10)
Ribose  COzMe/ CO;Me 2 2 a8
Ribose H/ COgEL 30 10 19
Ribose  GOPH/ COPh 2 11 19 . \‘/
Glucose CO,Me/ COMe 6 12 64 N™ 'COPh
0\/0
Mannose CO,Ms/ CO;Me ] 12 74% e, (11)
Maltose CO,Me/ COMe 2 13 449

a) A diastereo-mixture of 12 (1'R: 1'S = 7 : 2); b) A diastereo-mixture of 12 {1'S: '/R=13:2);
c} A diastereo-mixture of 13 (1’R: 1'S=13 . 4)

BnO OH 0 CO;Me
PO on O CO:Me FQoen A :[
Bn N j[ N COzMe
.\ N~ CO,Me 5B (19)
0Bn (12 R" = 0O-Benzyl protected
D-glucosy!
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(1H, dd, H-5, Jgem = 10.7 Hz, J4 5> = 2.8 Hz), 3.69 (3H, 5, CO2Me), 3.95 3H, 5, COzMe), 4.61 (1H, bd, H-3, J3 3 =
5.9 Hz), 4.78 (1H, m, H-4), 5.41 (1H, d, H-2, J3 3 = 5.9 Hz), 6.01 (1H, s, H-2"), 7.22-7.38 (15H, m, Tr). Mass m/e (EI)
=587 (M").

IR {KBr) 3400 {OH), 3040 {Ar,CH), 2500 {CH), 1725 cm"™

h, 47 =51 H-,) 3.58 (!1—!
Hz), 5.41 (1H, d, H-I'Jp 2" = 6.2 Hz), 7.21-7.44 (15H, m, Tr}. Mass m/e (EI) 587 (M*)

Colorless plates, mp 178 °C (dec); IR (KBr) 3350 (OH), 3270, 3150 (NH, NH*), 3040 (Ar,CH), 2950 (CH), 1670,
1600 ,1560 em! VHNMR (CDCl3) b = 1.4 (3H, 5, C-Me), 1.6" “3H, 5, C-Me),2.40 (1H, br, OH), 3.31 (1H, dd, H-4',
Jgem=9.7, 13 4 =3.3Hz),3.36(1H, dd, H-4”, Jgem = 9.7, J3°,47 = 4.9 Hz), 3.65 (1H, m, H-3), 4.51 (1H, dd, H-2, J» %
= 8.7, Jp,2 = 6.3 Hz), 543 (1H, d, H-I', Jp » = 6.3 Hz), 7.21-7.42 (15H, m, Tr), 9.94 (1H, 5, NH), 12.90 (1H, s,
NH™).

Colorless oil; 1H NMR (CDCI3) & = 1.42 (3H, s, C-Me),1.49 (3H, s, C-Me), 2.20 (1H, d, OH, J = 5.1 Hz), 3.28 (1H,
dd, H-4Jgem = 9.7, J 4 = 6.0 Hz), 3.33 (1H, dd, H4", Jgem = 9.7, 13 47 = 3.0 Hz}, 3.51 (1H, m, H-3"), 3.88 (3H, 5,

O-Me), 3.99 (3H, s, O-Me}, 4.45 (iH, dd, H-Z, J», 3 = 9.4, T, » = 6.0 Hz), 5.77 (iH, d, H-1’, J1",» = 6.0 Hz), 7.21-
7.48 (15H, m, Tr). 13¢c NMR (125.65 MHz, CDCI3) & = 25.3, 26.9 (C-Me x 2), 52. 3.4 (O-Me x 2), 64.6 (C4"),
LG 2 {C_ 1Y T2A (.Y 117 {C. Y REQ {C.Ph) 1104 {C Man) 127 1_12R & D 3 14 ‘T {Ph_inen) 154 4 (.1}
69.2 (C-17), 72.6 {C-2), 77.7 {C-3"), 86.9 {C.-Ph3), 110.4 {C-Me3), 127.1-128.6 (PR}, 143,7 (Ph-ipsc), 156.9 (C.3),

160.1 (C-5),160.8, 170.0 (CO x 2).
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