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A Highly Convergent Synthesis of The Phytoalexin Elicitor Hexasaccharide
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Abstract: A highly convergent synthesis of the elicitor-active D-glucohexatose 1 and its variant 19 was
achieved via coupling of the trisaccharide donor 14 with the trisaccharide acceptor 15 followed by
deprotection. 14 and 15 were obtained from rearrangement of the orthoesters 6 and 5 respectively which
were prepared quantitatively from coupling of the disaccharide 4 with acetobromoglucose and 6-O-
chloroacetylated acetobromoglucose respectively. © 1998 Elsevier Science Ltd. All rights reserved.

It is known that partial acid hydrolysis of mycelial walls of the fungus Phytophthora megasperma f. sp.
Glycinea gives a mixture of oligosaccharides being capable of stimulating the formation of phytoalexins in
soybean'. Biological assays of several oligosaccharides revealed that D-hexaglucoside is the minimum
structural element required for high elicitor activity’. It is to be noted that the B-D-configuration at C-1 in the
original elicitor hexasaccharide is not required for the elicitor-activity’’, and this suggests that the
hexasaccharide 1 and its variants can be used as valuable materials for biological investigation. The syntheses
of heptasac:charide3"‘3"‘“’3“"3“33’3j and methyl, allyl glycosides of the hexasaccharide®™" have been reported.
Almost all of the syntheses involved 2- or 3- regioselectivity of glucopyranoside with tedious separation, and
the use of expensive reagents. Here we present a new strategy for the highly convergent and effective synthesis
of the free hexasaccharide 1 and its 1,2-O-ethylidenated variant 19.
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As shown in the scheme, 1,2-O-(R,S)ethylidene-4,6-O-benzylidene- a -D-glucopyranoside (2) was used
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small quantity of the bromide donor (1 equiv). The high reactivity of the 4-OH of 4 was perhaps caused by the
deformation of the 1,2-O-ethylidene-fused pyranose ring. However, we are gratified to find that coupling of 4
with acetobromoglucose at room temperature in the presence of 2,4-lutidine(1.5 equiv), gave orthoester 6 as
crystals in a quantitative yield. TMSOTS catalyzed rearrangement® of 6 selectively offered the 1,6-linked
trisaccharide 8 (76%), its acetylation gave 10. To confirm the selectivity of rearrangement, 6 was acetylated
first then isomerized with TMSOTT producing a compound the same as 10 (74%). 6 and 8 were easily
identified from their "H NMR spectra, the former showed seven acetyl methyl signals at 81.99-2.11 and one
upfield methyl of orthoester at 81.74(S) or 1.75(R), but the latter gave all the eight methyl signals at the acetyl
region (52.00-2.15). Deethylidenation with 90% CF;COOH was going smoothly giving crystalline 1,2-diol 11.

Acetylation of 11 followed by selective deacetylation at C-1, then treatment’ with CCI;CN furnished the
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TMSOTf as the promoter afforded the acetylated hexasaccharide 16, deacetylation of 16 gave a
hexasaccharide variant 19, while deethyiidenation, acetyiation, foliowed by deacetyiation furnished the free
hexasaccharide 1 as an amorphous solid. In all of the synthesis, very easily accessible materials and reagents
were used and the reactions were carried out smoothly in high or good yield Most of the intermediates
involved in the synthesis were mixtures consisting of R and S isomers'? which were well separated and had no
difference in reactivity. Therefore here we present a highly convergent and effective synthesis of the title
compound, suitable for a large scale preparation.
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12. All of the new compounds (3-19) gave satisfactory elemental analysis results. Selected physical data are as
follows: 1. amorphous solid [a]p -14.9° (¢ 0.1, MeOH); ESMS for C3503,Hs2(990.87): 989.6[M-H]". 18. [a]p
+16.0° (¢ 0.5, CHCl;), m.p. 108-111°C; 'H NMR (CDCls, 400MHz) 8y 6.13(d, 2/3H, 1, 3. 1Hz,0H-1}, 5.50(d,
1/3H, J,,9.3Hz,H-1), 5.47-5.13(m, 16H, H-2553pcer.4a¥), 4.85-4.45(mn, 5H, J,, 8.3Hz, H-1g5), 4.40-
3.35(m, 20H, H-3ap,5a.F,64¢), 2.04-1.88(m, 60H, 20CHCO). 16. (R) [a]p +15.9° (¢ 1.1, CHCL,), m.p. 102-

103°C; '"H NMR (CDCl;, 400MHz) 8y 5.54(d, 1H, J,,4.6Hz, H-1,), 5.45(q, 1H, J 4.4Hz, CH:CH), 5.20-
4.78(m, 15H, H-2 128.2Hz, H-135), 4.31-3.41(m, 21H,
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CHCL:), m.p. 97-100°C; 'H NMR (CDCl;, 400MHz) 8y 5.51(d, 1H,
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3a0,5AF ,0aF), /..U-I.%(m, 54H, 18CH;CO), 1.47(d, 3H, J 4.9Hz, CH;CH). 8. (R) [ajp+1.7° (¢ 0.4, CHCI3),
m.p. 77-78°C; 'H NMR (CDCl;, 400MHz) 8y 5.63(d, 1H, J,,4.4 Hz, H—IA), 5.50(q, 1H, J 4.7Hz, CH;CH),
4.81(d, 1H, J,,7.9Hz, H-1¢), 4.54(d, 1H, J,, 7.9Hz, H-1p), 2.08-2.00(8s, 24H, 8CH:CO), 1.36(d, 3H, J
4.7THz, CH:CH). (S) [a]p-8.3" (¢ 0.4, CHCl;), m.p. 87-88°C; 'H NMR (CDCl;, 400MHz) &y 5.56(d, 1H, J;»
5.0 Hz, H-14), 5.21(q, 1H, J 5.2Hz, CH:CH), 4.90(d, 1H, J,, 8.0Hz, H-1¢), 4.73(d, 1H, J;, 8.0Hz, H-1p),
2.15-2.00(8s, 24H, 8CH;CO), 1.48(d, 3H, J 5.2Hz, CH,CH). 7. (R) [a]p +1.7° (c 0.4, CHClL;); '"H NMR
(CDCl;, 400MHz) 8y 5.62(d, 1H, J,,4.4 Hz, H-1,), 5.50(q, 1H, J 4.4Hz, CH;CH), 4.79(d, 1H, J,, 7.8 Hz,
H-1¢), 4.55(d, 1H, I,; 7.8Hz, H-1g), 4.10(s, 2H, CH,CICO), 2.07-1.98(7s, 21H, 7CH;CO), 1.35(d, 3H, J
4 4Hz, CH-CH). (S)[alp-8.3° (¢ 0.4, CHCly); 'H NMR (CDCls, 400MHz) 8y 5.50(d, 1H, J,,4.7 Hz, H-1,),
5.20(q, 1H, J 47Hz, CH;CH), 4.80(d, 1H, J,; 8.0Hz, H-1¢), 4.64(d, 1H, J,, 8 0Hz, H-1g), 4.11(s, 2H,
21H, 7CH;CO), 1.47(d, 3H, ] 4.7Hz, CH;CH ). 6. (R) [a]p +49
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5.41(q, 1, J 490z, CHaUr), 4.05(4, 1, Jy; /.6 01Z, ni-ip), 2.U5-1.99(/8, 21, /U300 , 1.75(8, 30,

CH:COs), 1.35 (d, 3H, J 49Hz CH,;CH). (S)[a]p +43.7° (¢ 1.3, CHCL), m.p. 67-68°C; 'H NMR (CDCls,
400MHz) 8y 5.73(d, 1H, J,:5.1Hz, H-1¢), 5.49 (d, 1H, J,,4.9 Hz, H-1,), 5.40(q, 1H, J 49Hz, CH;CH),
4.64(d, 1H, J;,7.8 Hz, H-1g), 2.11-2.03(7s, 21H, 7CH;CO), 1.74(s, 3H, CH5COs), 1.36 (d, 3H, J 4.9Hz,
CH,CH). 5. (R) [a]p +4.5° (¢ 1.5, CHCL), m.p. 70-72°C; '"H NMR (CDCls;, 400MHz) 6y 5.73(d, 1H, Ji2
S.1Hz H-1¢), 5.51 (d, 1H, J,,4.6 Hz, H-1,), 5.42(q, 1H, ] 4.6Hz, CH:CH), 4.66(d, 1H, J,, 8.0 Hz, H-1p),
4.10(s, 2H, CH,CICO), 2.12-2.04(6s, 18H, 6CH:CO), 1.74(s, 3H, CH:COs), 139 (d, 3H, J 4. 6Hz, CH;CH).
(S) [a)p -3.5° (¢ 1.1, CHCL), m.p. 74-75°C; 'H NMR (CDCl;, 400MHz) &y 5.72(d, 1H, J;, 5.8Hz, H-1¢),
5.57(q, 1H, J 5.2Hz, CH;CH), 5.53(d, 1H, J;2 5.2 Hz, H-14), 4.68(d, 1H, 112 7.9 Hz, H-1g), 4.13(s, 2H,
CH,CICO), 2.13-2.04(6s, 18H, 6CH;CO), 1.75(s, 3H, CH,CO3), 1.48(d, 3H, J 5. ZHZ, CH;CH). 3. (R) [a]p
66.8° (¢ 1.7, CHCL), m.p. 128-130°C; '"H NMR (CDCls, 200MHz) 8y 5.57(s, 1H, PhCH), 5.50(d, 1H, ],
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Scheme Synthesis of Phytoalexin Accumuiation Elicitors
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Reagents and conditions: a. AgOTE, MS 4A in CH,CL, 5 °C (87%). b. 5/1 CLCHCOOH/H,0, 50 °C (90%). c. AgOTY,
2.4- lutidine, MS 4A in CH,CL, RT(100%). d. TMSOTf, MS 4A in CH,CL(76%) . Ac,O, Pyridinc. f 90%
F:CCOOH, RT (>85%). g NH;NH,AcOH in DMF, RT(96%). h. CCLCN, DBU in CH,Cl, 0 °C (91%). i
NH,CSNH, in EtOH., 50 °C (89%). j. TMSOTE, MS 4A  in CH,Cl;, -30 °C (86%). k. NaOMe—MeOH .



