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(131 °C, 4 h, 82% yield) produced methoxatin triester 243
probably via the aminoallene 11 and the corresponding imine,
followed by electrocyclic ring closure and elimination of HCI.
Hydrolysis to methoxatin (1) was effected with lithium hydroxide.?
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In addition to insect and weed pests, another major cause of
destruction in plants used for food, fiber, and recreation originates
from phytotoxin-producing fungi and bacteria. The rhynchno-
sporosides are a family of such destructive compounds produced
by Rhynchosporium secalis and recognized over the last few years
as the causal agents of scald disease in barley, rye, wheat, and
other grasses.! Although the detection of these toxins was made
as early as 1971 in Australia by Ayesu-Offei and Clare,? culture
and isolation difficulties hampered elucidation of their structures
until recently when investigations by Strobel in the USA and
Auriol in France suggested the mixture of oligosaccharides (I)
(n=0~4, Rand/or S series) were responsible for the phytotoxic
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activity.> Syntheses of mono- and disaccharides were recently
reported by the groups of Ogawa,*® Strobel,** and Auriol,* but
the more potent, higher homologues still remain elusive to both
full structural elucidation and synthesis. In view of the importance
of these compounds and in an effort to assist in their isolation from
their natural source, structural elucidation, and biological in-
vestigation we initiated a synthetic program directed toward these
structures. In this paper we wish to report the first synthesis of
six rhynchosporosides (I, n = 2-4, R and S series) by an efficient
and stereospecific route based on our recently reported two-stage
activation procedure for oligosaccharide synthesis.’
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Figure 1. NMR Experiments with peracetylated [4S]-rhynchosporoside
(Bruker AM-500, CDCl;). (A) Expansion of the anomeric region of a
125.7-MHz 'H-decoupled *C NMR spectrum showing the three 8-
linkages (signals a, b, and ¢) and the one a-linkage (signal d). (B)
Contour plot of the anomeric region of a 125.7-MHz 2D 'H-!C het-
eronuclear chemical shift-correlated NMR spectrum showing the shifts
for the anomeric carbons and protons (8-bonds, a, b, ¢; a-bond, d).

As in most oligo- and polysaccharide syntheses, the challenging
issues in the present undertaking were (i) efficient and convenient
couplings of the components of the chains and (ii) stereocontrol
in the formation of the glycoside bonds. The mild, two-stage
activation method involving phenylthio and fluoro sugars and the
choice of suitable protecting groups and reaction medium allowed
efficient, convenient, and stereospecific synthesis of both the S
and the R series of tri—, tetra—, and pentasaccharides I. Thus,
B-glycoside bond specificity was secured by strategic placement
of an acetoxy group at the 2-position («) and performing the
coupling reaction in CH,Cl,, whereas a-glycoside bond specificity
was observed when a benzyloxy group was present at the 2-
position (&) and the glycosidation was performed in ether as
solvent.

Scheme I outlines the construction of the targeted rhyncho-
sporosides 15a ([3R]-rhynchosporoside)?, 15b ([3S]-rhyncho-
sporoside), 19a ([4R]-rhynchosporoside), 19b ([4S]-rhyncho-
sporoside), 25a ([SR]-rhynchosporoside), and 25b ([5S]-rhync-
hosporoside) from the simple building blocks 1,° 3,!° 4,10 510, 6512
and 6b.!? Thus, conversion of the phenylthioglycoside 1 to fluoride
2 with NBS-DAST (CH,Cl,, 0~25 °C, 85%) followed by coupling
with 3 (AgClO,, SnCl,, 4-A MS, CH,Cl,, —15-0 °C) led to the

(5) Nicolaou, K. C.; Dolle, R. E.; Papahatjis, D. P.; Randall, J. L. J. Am.
Chem. Soc. 1984, 106, 4189.

(6) The well-known’ participating nature of this group during coupling is
obviously responsible for directing glycosidation in the S-sense.

(7) Paulsen, H. Angew. Chem., Int. Ed. Engl. 1982, 21, 155.

(8) The designation [nR or nS]-rhynchosporoside, where # = number of
glucose units and R or S configuration of the aglycon, is suggested to describe
members of this family (I) of phytotoxins.

(9) Cellobiose derivative 1 was prepared from D-(+)-cellobiose peracetate
by treatment with PhSH (1.2 equiv) in the presence of SnCl, (0.3 equiv)
(PhH, 60 °C) in 82% yield.

(10) Compounds 3—5 were prepared from D~(+)-glucose pentaacetate (i)

4
Ph /w ° PRI
AcO o °
b o) od
AcO. Oac ——= HO SPt _..' 4
ade,
oH 5

via intermediate ii as follows: (a) 1.2 equiv of PhSH, 0.7 equiv of SnCl,, PhH,
60 °C, then 1.0 equiv of NaOMe, MeOH, 25 °C, 85%; (b) 3.0 equiv of
PhCH(OMe),, 0.05 equiv of CSA, PhH, 25 °C, 90%; (¢) 2.5 equiv of Ac,0,
2.0 equiv of DMAP, CH,Cl,, 0-25 °C, 95%; (d) (i) excess NaCNBH,,!! 4-A
MS, THF, 25 °C, 92%; (ii) HCI(g), Et,0; (e) 6.0 equiv of NaH, 4.0 equiv
of PhCH,Br, THF, 4, 90%; (f) 1.5 equiv of NBS, 1.3 equiv of DAST, CH,Cl,,
=15 °C, 85%.

(11) Garegg, P. J.; Hultberg, H.; Wallin, S. Carbohydr. Res. 1982, 108,
97

.(12) Compounds 6a and 6b were synthesized from L-(+)-ethyl lactate (iii)

COOEt
be,d
e Y N S
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as follows: (a)!?® TsCl-pyr, then BH;-THF, then 50% NaOH, 40% overall;
(b) NaH-PhCH,OH (5.0 equiv of each) THF, 50 °C, 65%; (c) 1.1 equiv of
Ph,-t-BuSiCl, 1.1 equiv of imidazole, DMF, 25 °C, 95%; (d) H,, Pd/C,
EtOH, 25 °C, 90%; (&) 1.4 equiv of Ph,-t-BuSiCl, 2.6 equiv of Et;N, 0.1 equiv
of DMAP, CH,Cl,, 25 °C; (f) 2.0 equiv of BH;, THF, 25 °C, 92%.

(13) Johnston, B. D.; Slessor, K. N. Can. J. Chem. 1979, 57, 233.
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Scheme L¢ Synthesis of Rhynchosporosides
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1.8 equnv of SnCl,, 1.8 equiv of AgClO,, 4-A MS CH,Cl,, 15 °C, 18 h; (f) excess HF-pyr, THF, 0-25 °C, 4 h; (g) H,, Pd(OH),~C, MeOH,

25 °C, 14 h.

new phenylthio giycoside 8 (75%).° Activation of 8 with NBS-
DAST at -15 °C to fluoride 9 (85%) and coupling with the
propanediol derivative 6a or 6b (AgClO,, SnCl,, 4-A MS, Et,0,
-15 °C) furnished [3R]- or [3S]-rhynchosporoside derivative 12a
or 12b (75%), respectively. Sequential desilylation {excess HF-pyr,
95%), deacetylation (NaOMe, MeOH, 25 °C, 100%), and de-
benzylation (Pd(OH),~C, EtOH, 25 °C, 100%) finally led to
[3R]- and [3S]-rhynchosporosides 15a and 15b in excellent overall
yields.

For the tetrasaccharide and pentasaccharide series, building
blocks 7a and 7b were first constructed as follows. Glycosyl
fluoride 5 was coupled to 1,2-propanediol derivatives 6a and 6b
under the conditions for a-glycosidation and the exclusively ob-
tained a-glycosides were deacetylated under the standard con-
ditions leading to the requisite 7a and 7b, respectively, in 75%
overall yield. The other desired fragment, trisaccharide fluoride
11, was prepared from 2 and 3 via 10 (85%) by employing 8-
glycosidation conditions (75% yield). Coupling of 11 with 7a and
7b as described above for 15a and 15b (74%) followed by de-
protection furnished [4R]- and [4S]-rhynchosporosides 19a and

19b stereospecifically and in similarly high yields.

Finally, coupling of trisaccharide fluoride 11 with thio sugar
3 (75%) followed by conversion of the resulting phenylthio tet-
rasaccharide 20 to its glycosyl fluoride 21 (85%) and coupling
with 7a and 7b furnished (72%), after the necessary deprotections,
[SR]- and [5S]-rhynchosporosides 25a and 25b, again with com-
plete stereospecificity and in high overall yield. All rhyncho-
sporosides were obtained as colorless, amorphous solids soluble
in water but sparingly soluble in common organic solvents.

The stereochemistry of the anomeric centers and high purity
of the synthesized compounds was established by modern high-
resolution 'H and *C NMR techniques. Thus, the 'H NMR
spectra of all rhynchosporosides and their derivatives generally
exhibited a sharp doublet at § 4.92 (J = 3.7 Hz) for the proton
associated with the a-linkage and the requisite number of doublets
around & 4.53-4.50 (J = ~7.5Hz) for the protons corresponding
to the B-linkages. Furthermore, the !3C NMR spectra of the
peracetylated derivative exhibited the diagnostic signal for the
a-bond (~8 95.5) and the requisite number of characteristic
signals for the 8-bonds (~4 100.5).!4 1In Figure 1 the essentials
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for these crucial experiments are exhibited for the specific case
of the peracetate of [4S]-rhynchosporoside (19b). Thus in plot
A (Figure 1) ('H decoupled '*C NMR spectrum) the anomeric
signals are located at § 100.79, 100.66, and 100.50 for the 8-
bonded carbons and at § 95.53 for the a-bonded carbon. Plot B
(Figure 1) (2D 'H-'C heteronuclear chemical shift correlated
spectrum)*’ correlates the chemical shifts of the anomeric carbons
with the respective anomeric protons which assisted in their as-
signment. These experiments provided a convenient and unam-
biguous way of establishing the stereochemical configuration of
the rhynchosporosides, their high purity and the specificity of the
reported coupling reactions.

With these rhynchosporosides now readily available in pure form
by synthesis, their isolation from nature, structural elucidation,
and biological evaluation becomes feasible. Preliminary bioassays
with the tri-, tetra-, and pentasaccharides, for example, indicated
high destructive potency for the [3R]-, [4R]-, and [5R]-rhync-
hosporosides 15a, 19a, and 25a which caused massive tip wilt and
necrosis in young barley plants.!¢7
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The interaction of formaldehyde with transition-metal surfaces
is of obvious importance in view of the fact that species such as
M-CH,0 and M-CHO may play a key role in the catalytic
hydrogenation of carbon monoxide.!> Recently, several or-
ganometallic complexes have been identified in which both
formaldehyde*” and the formyl group® function as dihapto (n*-)
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(5) Gambarotta, S.; Floriani, C.; Chiese-Villa, A.; Guastini, C. J. Am.
Chem. Soc. 1982, 104, 2019-2020.
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(7) Kropp, K.; Skibbe, V.; Erker, G.; Kriiger, C. J. Am. Chem. Soc. 1983,
105, 3353-3354.

Table I. Mode Assignments for n2-H,CO (n>D,CO) on Ru(001)
frequency ratio

mode 7*-H,CO, em™  2-D,CO, em™ (H,CO/D,CO)
»(CO) 980 1020 0.96
va,¥(CH,) 2940 2225 1.32
8(CH,) 1450 1190 1.22
©(CH,) 1160 865 134
p(CH;) 840 620 1.35

Table IL. Mode Assignments for n>-HCO (»2-DCO) on Ru(001) with
Corresponding Assignments from the Model Compound HCOOCH,
(DCOOCH;) (See Ref 15)

7n*-HCO, HCOOCH,, #>-DCO, DCOOCH,,
mode em™! cm-! cm! cm™!
»(CH) 2900 2943 a 2216
8(CH) 1400 1371 980 1048
»(CO) 1180 1207 1160 1213
=(CH) 1065 1032 825 870
»(Ru-HCO) 590 550

?Weak and not resolved from the tail of the strong feature due to ad-
sorbed CO at 1990 cm™,

ligands. In this paper, we report the results of high-resolution
electron energy loss (HREELS) measurements of formaldehyde
adsorbed on the hexagonally close-packed Ru(001) surface that
demonstrate the existence of both »2-H,CO and #*>-HCO. This
represents the first spectroscopic identification of either species
on any metal surface.

The ultrahigh vacuum (UHYV) system in which the experiments
were performed has been described previously.” HREELS was
used to identify surface reaction products after adsorption at 80
K, subsequent annealing up to 600 K, and recooling to 80 K to
record the spectra. Gaseous H,CO and D,CO were produced by
thermal dehydration and depolymerization of their parent poly-
oxymethylene glycols (paraformaldehyde) and were introduced
into the UHV chamber through a leak valve. The H,CO (D,CO)
produced by this method contains 3-5% H,0 (D,0) impurity,°
and, consequently, spectra recorded after heating below 170 K
are expected to show vibrational features attributable to small
amounts of coadsorbed water.!!

Exposing the Ru(001) surface at 80 K to 7 langmuirs (1
langmuir = 107 torr s) or more of H,CO or D,CO results in the
formation of molecular multilayers of formaldehyde, as evidenced
by a comparison of the observed vibrational spectra to the IR
spectrum of gaseous formaldehyde.!> Annealing the surface to
140 K desorbs the multilayer, leaving adsorbed carbon monoxide
(8 = 0.20 CO molecules/Ru surface atom),!* hydrogen adatoms
(8 = 0.40),'* and another surface species (# = 0.10) which is stable
to approximately 250 K. This new species is identified as 7%
formaldehyde. The spectra for H,CO and D,CO are shown at
the top of Figure 1, and mode assignments are given in Table I.
The observed CO stretching frequency of approximately 1000 cm™
is‘consistent with a reduction in bond order of the CO bond from
double to single and is in good agreement with the CO stretching
frequency of 1017 cm™! for #°-H,CO in the organometallic com-
pound (PPh;),(C0),0s(n*H,CO).* The observed frequencies
and deuteration shifts for the various CH, modes agree well with
those observed for sp*-CH, groups in various molecules.'*
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497-501.
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