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In 1993 Carlson et al. [1] reported the structures of lipooligosaccharide nodulation
signals produced by Type Il strain of Bradyrhizobium japonicum USDAG]1. As part of
our project [2] on the synthesis of physiologically active plant glycoconjugates, we were
interested in the synthetic study on lipooligosaccharide 1 among the reported structures
for the nodulation signals, because of the lack of chemical evidence to fully characterize
the stereochemistry both at C-2 of glycerol and C-1 of GlcNAc residue /, and the
regiochemistry for the double bond of the fatty acid in structure 1. We describe herein
the unambiguous syntheses of stereochemically well-defined isomers 2, 3, 4, and §.
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Synthetic Plan for Nod Bj-1V (Cyg.}, Fuc, Gro)
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Scheme 1.

The retrosynthetic plan is shown in Scheme 1. Two key intermediates 6 with either
the (25) or (2R) configuration at C-2 of the glycerol moiety were designed so that a
fatty acid with a definite stereochemistry at the double bond could be introduced at the
last step of the synthesis. These intermediates were expected to be constructed from
three glycosyl donors 7 [3], 8, and 11 [4] and two glycosyl acceptors 9 [S] and 10 [6).

Synthesis of glycotriosyl fluoride 8 was investigated as follows. Glycosylation of
alcohol 13 (7] with glycosyl fluoride 12 [8] in the presence of Cp,HNOTf), and
powdered 4A molecular sieves (MS4A) in (CH,Cl), at —23°C according to Suzuki et
al. [9] gave an 84% yield of trisaccharide 14; (@], +52.8° (¢ 3.5)'; R, 0.3 in 1:1

" The values of [ 2], and 8,, were determined for solutions in CHCI, and CDCl, at 25 + 3°C, respectively,

unless noted otherwise, Compounds with an assigned [a], value gave reasonable data for the clemental
analysis,
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hexane—~EtOAc; 8, 1.89 (s, Ac), 3.76 (s, OMe), 4.98 (d, 8.3 Hz), 5.12 (d, 9.3 Hz) and
5.30 (d, 8.3 Hz) for H-1', H-1? and H-1°. Compound 14 was converted into fluoride 8 in
two steps via hemiacetal 15: (i) Ir-complex in THF then 1,-H,0 [10], (i) DAST in
(CH,CD), [11], 85% overall. Compound 8 had [a], +63.9° (¢ 1.1); R; 04 in 2:3
hexane-EtOAc; 8, 1.89 (s, Ac), 3.77 (s, OMe), 5.14 (d, 8.8 Hz, H-1?), 5.30 (d, 8.3 Hz,
H-1%), 5.69 (dd, 53.6 and 7.3 Hz, H-1'). Glycosylation of glycerol derivatives 9 and 10
with fluoride 8 was carried out in the presence of Cp, HROTY), [9] as described above to
give 16 and 17 in 71 and 88% yields, respectively. Compound 16 had [a], +49.7° ¢
0.9); R; 0.3 in 1:1 hexane-EtOAc; 8, 1.89 (s, Ac), 3.74 (s, OMe), 4.97 (d, 8.3 Hz,
H-1'), 5.12 (d, 7.3 Hz, H-12), 5.30 (d, 8.3 Hz, H-1*). Compound 17 had [« ], +41.5° (c
1.5 R 5 0.3 in 1:1 hexane-EtOAc; &y 1.89 (s, Ac), 3.74 (s, OMe), 4.98 (d, 8.3 Hz,
H-1'), 5.12 (d, 7.8 Hz, H-1?), 5.30 (d, 8.3 Hz, H-1*). Glycotriosyl glycerol derivatives
16 and 17 were then converted into glycotetraosyl glycerol derivatives 20 and 21 in
three steps via compounds 18 and 19, respectively, (i) NH,NH, - H,0, in EtOH reflux,
(i) Ac,0 in MeOH, (iii) Cp,Hf(OTf),, MS4A and 7 in (CH,C)),, in 68 and 66%
overall yields, respectively. Compound 20 had [«], —25.8° (¢ 1.5); R, 0.2 in 1:1
hexane-acetone; 8, 1.73, 1.74, 1.86, 1.91, 1.95, and 2.00 (6 s, 6 X Ac), 3.72 (s, OMe),
545 (d, 83 Hz, H-1'). Compound 21 had [a], ~25.1° (¢ 40); R, 0.2 in 1:1
hexane-Acetone; 8, 1.73, 1.75, 1.86, 1.91, 1.94, and 2.00 (6 s, 6 X Ac), 3.72 (s, OMe),
5.45 (d, 8.3 Hz, H-1*). Removal of the methoxyphenyl group at 0-6' of compounds 20
and 21 by treatment with (NH,),Ce(NO,), in 3:1 MeCN ~H,0 [12] gave 22 and 23 in
75 and 72% yields, respectively, which were glycosylated with methyl thioglycoside 11
in the presence of 1: 1 CuBr,~Bu,NBr [13] in CH,;NO, to give pentasaccharides 24 and
25 in 55 and 52% isolated yields, together with undesired B-linked products in 10 and
8% yields, respectively. Compound 24 had [al, =36.6° (¢ 0.4) R, 0.59 in 1:1
toluene=THF; 8, 097 (d, 6.3 Hz, H-6%), 1.57, 1.78, 1.83, 1.85, 1.92, and 1.99 (6 s,
6 X Ac), 4.83 (d, 3.4 Hz, H-1"), 5.43 (d, 7.3 Hz, H-1*). Compound 25 had [a],, - 40.6°
(¢ 0.4); R, 0.57 in 1: | toluene-THF; &, 0.95 (d, 6.3 Hz, H-6%), 1.57, 1.79, 1.83, 1.85,
1.92 and 1,99 (65, 6 X Ac), 4.81 (d, 3.9 Hz, H-1°), 5.43 (d, 8.3 Hz, H-1%).

Having prepared the complete backbone structures 24 and 28, the remaining synthetic
transformations wete achieved as follows. Compounds 24 and 2§ were treated first with
NH,;NH, - H,0 in EtOH under reflux and then with Pd(OH),/C and H, in aq MeOH
to give free amino derivatives 28 and 29 via 26 and 27 in 83 and 86% yields,
respectively. Compound 28 had [a], —48.1° (¢ 0.2 in 4:1 MeOH-H,0); R, 0.04 in
2:1:1 BuOH-EtOH-H,0; §,, (D,0) 1.04 (d, 6.8 Hz, H-6°), 1.85, 1.88, and 1.89 (3 s,
3X Ac), 4.31 (d, 7.8 Hz), 4.33 (d, 8.3 Haz), 4.41 (d, 8.3 Hz) and 4.46 (d, 7.8 Hz) for
H-1', H-1%, H-1* and H-1%, and 4.72 (d, 3.9 Hz, H-1°). Compound 29 had [}, —50.0°
(c 0.4 in 4:1 MeOH-H,0); R, 0.04 in 2:1: 1 BuOH-EtOH-H,0; 8, (D,0) 1.04 (d,
6.3 Hz, H-6%), 1.85, 1.88 and 1.89 (3 5, 3 X Ac), 4.31 (d, 8.3 Hz), 4.32 (d, 8.3 Hz), 4.41
(d, 8.3 Hz) and 4.46 (d, 7.8 Hz) for H-1 H-12, H-1%, and H-1%, and 4.71 (d, 3.9 Hz,
H-1°). Finally, acylation of compounds 28 and 29 was carried out efficiently by
employing either cis-vaccenic acid or cis-oleic acid and N-ethoxycarbonyl-2-ethoxy-
1,2-dihydroquinoline (EEDQ) [14] in aq MeOH to afford, after purification on a Bond
Elute C,; column [15), the target compounds 2, 3, 4, and S in 77, 88, 84, and 92%
yields, respectively. Compound 2 had R 7053 1in 2:1:1 BuOH-EtOH-H,0; 8, (99:1
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Me,S0-d;-D,0) 1.07 (d, 6.8 Hz, H-6°), 1.78, 1.80, and 1.81 (3 s, 3 X Ac), 4.27, 4.32,
4.35, and 4.43 (4d, 7.8-8.3 Hz, H-1', H-1?, H-1° and H-1*), 4.65 (b s, H-1°). Compound
3 had R{ 0.53 in 2:1:1 BuOH-EtOH-H,0; 8, (99:1 Me,S0-d,-D,0) 1.06 (d, 6.3
Hz, H-6"), 1.78, 1.80, and 1.81 (3 s, 3 X Ac), 4.29, 4.32, 4.34, and 4.42 (4d, 7.3-8.3
Hz, H-1', H?, H-1° and H-1%), and 4.65 (b s, H-1%). Compound 4 had R, 0.5 in 2:1:1
BuOH-EtOH-H,0; 8, (99:1 Me,S0-d,-D,0) 1.07 (d, 6.4 Hz, H- 65) 1.77, 1.80, and
1.81 (3 s, 3 X Ac), 427 4.32, 4.34, and 4.42 (4d, 6.8-8.3 Hz, H-1!, H-1%, H-13 and
H-1*) and 4.65 (b s, H-1°). Compound 5 had R, 0.51 in 2:1:1 BuOH-EtOH-H,0; &,

(99:1 Me, SO-d,-D,0) 1.07 (d, 6.4 Hz, H-65) 1.78, 1.80 and 1.81 (35,3 X Ac) 4. 31
4.32, 4.35, and 4.42 (4d, 7.8-8.3 Hz, H-1!, H-1%, H-1?, H-1*, and 4.65 (bs, H-1°).

In summary, we have achieved for the first time an unambiguous synthesis of four
stereo- and regio-isomers of Nod factor Nod Bj-IV (C,4.,, Fuc, Gro), which should
serve as authentic samples to assign the stereochemistry of natural samples that are
available in only minute amounts.
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