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Abstract:

This thesis is comprised of four sections. In section 1 synthetic carbohydrate chemistry was extensively
used during an attempt to verify a previously proposed structure for helminthosporoside, 11 Sec. 1 a
host-specific toxin isolated from Helminthosporium sacchari. This previously proposed structure was
determined not to be the actual structure of the toxin. Additional procedures were developed for the
isolation of the toxin. PMR, CMR, and mass spectral analyses were obtained on the isolated toxin. The
toxin appears to be a disaccharide with a large aliphatic aglycone.

During structural verification of a previously suggested structure for rhynchosporoside, 2 Sec. 2 as
discussed in section 2, synthetic carbohydrate chemistry was extensively utilized. The previously
proposed structure was determined not to be the actual structure of the toxin. Rhynchosporoside is a
phytotoxin found in the fungal extracts of Rhynchosporium secalis. It is suggested that a number of
phytotoxins may exist, i.e., a glucoide, cellobioside, and a cellotrioside, all having a glycosidic linkage
to carbon-1 of 1,2-propanediol.

A 13C-NMR method was developed in section 3 for the identification of the carbohydrate residue in
galacto- and glycopyranosides, and furanosides, with the capability of distinguishing the structural
configuration of the carbohydrate residue. This method works for all reported CMR spectra of
non-aromatic galactosides and glucosides, and for synthetic compounds reported in this paper.

The designs for a number of previously non-available laboratory apparatus are presented and discussed
in section 4. A method for building and operating a 295.5 cm heated chromatography column is
described. The separation of this instrument appears to be superior to comparable instruments
previously described.
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ABSTRACT

This thesis is comprised of four'sections In- sectfoh 1 syhthetfc
carbohydrate chem1stry was extensively used during an attempt to ver1fy
a previously proposed structure for he1m1nthosporos1de,]] Sec. ‘] a host _
-specific. toxin isolated from Helmtnthosportum sacchart. Th1s prev1- |
ous]y_proposed structure was determined not to be the actua] structure -
of the toxin. 'Additional procedures were.developed for the-iso1ation :
'of the toxin. PMR, CMR, and mass spectral analyses were obtained on.
the isolated toxin. The toxin appears to be a disaccharide with a
Targe aliphatic aglycone. ' '

During structural verification of a prev1ous]y suggested structure'

2 Sec. 2 as d1scussed in section 2, synthet1c

for rhynchosporos1de,
carbohydrate chemistry was extens1ve]y utilized. The prev1ous]y proé
posed structure was determined not to be the actual structure of the
toxin. Rhynchosporoside is a phytotoxin found in the funga] extracts

of Rhynchoéporium'seaaZis. I't is suggested that a number of phytotoxins
may exist, i.e., a glucoide, cellobioside, and a cellotrioside, all
having a glycosidic linkage to carbon 1. of 1,2-propanediol.

A ]3C NMR method was developed in section 3 for the 1dent1f1cat1on
of the carbohydrate residue in galacto- and g]ycopyranos1des, and fur-‘.
anosides, with the capab111ty of distinguishing the structural conf1g—
uration of the carbohydrate residue. This method works for a]] ‘report-
ed CMR spectra of non-aromatic ga]actos1des and g]ucos1des, and for
synthetic compounds reported in this paper.

The designs for a number of previously non-available 1aboratory
apparatus are presented and d1scussed'Jh‘sect1on 4. A method for
building and operating a 295.5 cm-heated chromatography coTumn is
described. The separation of this. instrument appears to be super1or to.

- comparable instruments previously descr1bed
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STRUCTURAL INVESTIGATIONS OF HELMINTHOSPOROSIDE
“(one of the phytotoxins found in

Helminthosporium sacchari)
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INTRODUCTION

A disease of sugahcane (Saccharum sp.) caused by the fungus, HeZ-
minthdsporium sacchari.(Van Breda de-Hanh) But]er, is W1despread.1 . f
From 1985-1934 it was known to existﬂinfregions of hawaii,‘Ihdia;'Jaya, -
Puerto Rico, Cuba,'Australia, Taiwan and Florida. Inf1890 Krug__erf2 |
named‘this disease 'eye spot’ because the first symptoms are eTongated
leaf 1esi0ns showing red centers surrounded by a narrow margin of ch]b- “
rotic tissue. After the lesions are tohmed, reddish-bhown_streaks
(runners)'initiating from the point'qf‘infection reach toward the tip
of the Teaf. | It'ts possible to have runnehs ettaihtng a 1engthhof 3
feet. Also, the fungus can be easily 1so1ated from the lesions but
not from the runner area.] |

In 1929 Lee,2 act1ng under the assumpt1on that the runners oh su--
garcane leaves -infected with H. sacchari were caused by a tox1n produc—l
ed by the fungus, proceeded to show that the cuTture f11trated from H
sacchari was toxic to exc1sed‘1eaves The tox1n was shown-to be heat .
stab1e after three treatments in the autoclave (15 Tbs. steam ‘for 20
m1nutes). The toxin.was thought to destroy the ch]orophy]] and reduce
the jhon in the leaves; as well as reduce‘h1trates t0‘n1tr1tes whjch:
are ejso toxic. - o

In 1968 Liu4.demonstrated that #. sacchdri:is mbre pathegenic_etf'
20°C than at 30°C, even theugh the'grewth of the fungus:is mohe_rebid  “

at the higher tempereture. Also, in a persona1‘CommUnieetion_to_Steinf |
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5

er and Byther,” C. A. Wismer in Hawaii noted that cool, wet c]imates,'

contributed to gfeatérlincidences-of eye spot disease. ‘It has been

6

suggested by Strobel” that Mg++¥K+_ATPaSe is required for the action of .

++-K+ ATPase has a distinctive chahde.in

the toxin, and above 30°C Mg
it's activity. The deckéaée in apparent paﬁhogenicity'at 30°C seems to
be due not to the‘fuhgus,.but fo.thé sugarcane.

Steiner and‘Byther in 19715 initiated studies to determihe‘thé
cause for toxicity of the culture fi]trate; check for host specificityg
of the toxin, and determine the possibility of uSing'thé toxin in’
screening sugarcane clones for resistance to eye spot diseése. During ,'

purification of the toxin, methods siﬁ%1ar to. those used by'Pringle_ahd
.Schéffer7 were uti]iiedf~ A flow sheet summarizing the steps used by
Stefner and Byther is presentéd in Figure ]} It s ﬁmporfant to note
the results bbtéined’thrdugh the use of Sephadex-G%15."Two-areas of
toxin activity were observed; Peak 1, containing mdst tokic‘activity,
and‘befng of larger molecular weight than thé‘substance»in peak 2,
which contéined lTess toxicity. | '

A dual bioassay was used by Steiner and Byther:

.A. "In the first, seven inch excised 1eaVes were used.

A T1-ul1 drop of toxin solution was p]aced.on a needle
puncture spot near the base of the leaf, 'injected'_.
leaves were incubated in a moist chamber -at room B ~

temperature. The length of the resulting runner
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Cu]ture of H. saccharz

f11ter through cheesecloth and'&hatman #1 and- #50 filter paper
concentrate, 1/10 or1g1na1 vo]ume at 42°C
add an equal vo]ume of methano] for 24 48 hrs at 4°C
-+JD1scard ppt"
evaporate, 1710 original ve1ume B

extract with 3- -equal volumes of chloroform’
L- Discard ch]oroform fract1on

concentrate, 1/50 or1g1na1 volume

with 1T ml, extract with 3 success1de 10 m1 volumes of water-sat.butanol
» Discard water‘fraetion»' |
cdncentrate, 1 ml E
Sephadex G-15 co]umn, 18.0 x 1 3 cm
elute w1th water

toxin preparation

Figure 1. Flow sheet summarizihg the iso1atfon"pf0eedure
| used by Steiner and Byther.5
from each of several toxinﬂdi]utioae was'aﬁ
indication of toxin activity."The-measurements' '
Were made from‘ZA-48'hoUr$ after 1neeu1atiohs."
B. "In the second, 0.2 ml of toxin solution was injected

1nto‘fhe-1eaf spindle immediately above the apical
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meristem of the intact plants. Degrees-of clonal’
resistance cou1d be determined by using severa1 d11u-
tions of tox1n and rat1ng the 1ntens1ty of the symp-
toms from each dilution. Ratings were determ1ned
24-30 hours atteriinject1on.

A total of 182 clones, 47 from Hawait and 135 imported, were:test;
ed 1n‘the process of screening with the toxin for resistance to eye
spot‘disease."A sdgnificant correlation, (r=0,88, p<0.01%) oetween:the;
reaction of the toxin and reaction of fungal inoculations washobtatnedL

"._Because of the-similarities‘with other host-specific toxins,8 9 t

he ‘
tox1n produced by H. sacchart was cons1dered host specific.. The fol-
‘10W1ng‘character1st1cs of the toxins produced by‘H. Sacchart, wh1chlare'
- in common with other host specific toxins 1nc1ude 5 | |

A. The host range of the toxin is similar to the fungus

B. The' symiptoms produced.by the toxin and fungus are s1m11ar;

C. The toxin has a Tow molecular wtt,-shoWn by its elution on -

a Sephadex G-15 co]umn |

From these observations, Ste1ner and Byther were able to make a.
major contribution to the unfo1d1ng of the HethnthOSportum sacchart .:'
story. They were aple to show that not on]y‘did a toxic material eXist‘h
- but at least two toxic components were present in culture f11trates

and were. stab]e to 144°C The toxins were actua]]y used to advantage

-in screening clones for resistance to the eye spot disease, A subse—
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quent paper by Byther and Steiner]O in 1972 dealt with the problem of
selecting sugarcane seedlings resistént to eye spot disease by utili-
zation of partially purified culture filtrates.

Steiner and Strobel]] subsequently extended the earlier isolation
procedure by two steps. After the Sephadex G-15 column chromatography
step, two paper chromatography steps were added, the first being paper
chromatography with the solvent system (1-butanol-acetic acid-water,
4:1:5) and the second with the solvent system (1-propanol-ammonium
hydroxide-water, 6:3:1). With the resulting purified preparation they
proceeded to characterize the major component and suggested the struc-
ture, 2-hydroxycyclopropyl a-D-galactopyranoside, (1), shown in Figure

2

Figure 2. The first proposed structure for helminthosporoside.

The following is a summary of the reported data which enabled the
authors to characterize helminthosporoside:

A. Properties of helminthosporoside.
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1f A re]ationship between runnér Tength andftoxin‘éonéentra‘
tion was developed. For-examp]e, approximately 1.5 u§ tox1n'
correlated with an 8.1 cm runner in 22 hrs. The kuhnéf'.
length was direct]& prdportioné] to‘1og(heTm1nthosporo$jde).
. The method of application was the same as that used by |
Steiner and Byther.4 A l—hi drop of tdxin sd]utioh.was;
placed.on a needTe—punctufe spot near the base of an éXc{sed
‘1eaf.- o
2. "At room temperature the toxin preparatioh wés a ye110w"
syrup. This syrup became crysta1Tine after desfcation_in a
partﬁa] vacuum over'phbsphorus behtoXide.“ |
values. of he1m1nthosp0ro;1de'1n seVerél

F
solvent systems.  Since it moved well in polar solvents, it

3. Table T shows R

was suggested to be a polar compound.

Infrared spectrum.

1. "A strong absorptioﬁ band at 3.0 p fndicating the preéenée -
of -OH gréups on the mo]ecule." | | |

2. "The Tack of a strong‘band arduﬁd 6,0‘u.aSSUTed‘the absence
of a carbonyf grdup either as an acid or an a]déhydé." _

3. .“A weak but detectable band 1n‘the'region‘of 9.8 u;h sub—.
ported the_présence of a cyclopropyl ring.“ | | -

4. "The remainder of.the spectrum 1nit1a11y suggeétéd_ﬁhat

the toxin cduld be a glycoside."
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Table 1. Rp values of helminthosporoside.

Solvents a through g_Werejused on descending paper

chromatography; f through‘g_were used with thinflayer

chromatography.
Solvent ‘ RF value
1-Butanol-acetic acid-H,0, 4:1:5 - 0.30
1-Propano1-NH40H;H20, 6:3:1 0.80 -
1-Butyric acid-1-butanol-H20,2:2:1 0.14
‘1-Butanol-ethanol-H,0, 5:1:4. 0.34
Ethyl acetate-formic acid-acetic acid-Hp0 -
18:3:1:4 ' . 0.54
Hexane-ethylacetate, 85:15 0.0°
Benzene-methanol, 95:5 0.0
1-Butanol-acetic acid-H,0, 3:1:1 0.70
. 1—Butano1—acetone—H20, 4:5:1 0.54
Methylethyl ketone-acetic acid-methanol .
6:2:2 | SR 0.53
Benzene-acetic acid-methanol, 2:2:6 . _ ' 0.56

C. Ultraviolet specirum revealed no absorption bands above 210 my,

| eliminating the preéencé of aromatjc(and_conjugated systems‘jh
the mo]ecQ]e.“ |

'5. Optical Rotation;

20
[a]D = -49.0
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. .-Mass spectroscopy-membrane osmometry.

1. "The tox{n gave a discernible moTlecular 1oh peak 6f’236
m/e." | | | |
2. "That thé péak of 236'feprésenfed fhe ho]ecu]ér ioh.Was :
confirmed by a molecular weight,determfnation by membrane,- '
osmometry near 250." o -
Elemental Analysis. o
Calculated for-C9H1607: - C, 45.8; H,.6;8;‘O, 47.4
Found: . C, 45.75'H, 7.3; 0, 4651
A trace of nitrogen Was found‘in.the'samp1esa
NMR spectroscopy.

Table 2 summarizes peaks found in the NMR speétrum.

Carbohydrate moiety.

1. After acid hydrolysis with 0.8N H2504 at reflux for two

hrs and then silylation treatment, the reaction mixture wés"
subjected to gas chromatography; two peaks with:the same
retention time a§ a- and B—D—galactopyranoside were observed. -
2. fhe identity of galactose was confirmed by paper chro;
matography in solvent a (see.TabTe 1) and in .ethy] acétaté-
pyridine-water, 8:2:1 v/v..
3. After refluxing the toxin in acid the_nedtra]ized solutions
. were not phytotoxic.

To suppor{ the'cyc10propy1_poséibi]ity the‘fo]]owing was done:
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Table 2. Assignmenfs of 'signals in the NMR.spectrum of

he]minthosporoside.
Peak Shift, ppm ~ No. Protons | Assignments
A : 5.32 1 _ Profon on the anomekic
| carbon. |
B 49 o g | _ 1 proton from @yéfoprbﬁy], 3
_ - | protons from ga]actosé.
c ‘4.1043.75 | 3 | Protons-frdm‘C-S'ande-6 of
| | | galactose. D
D _ 3.0-2.3 o | 1 . Protons on the aglyconic
| carbon in cyclopropyl. |
E 1.8“ | T Hydroxy1 protoh from the
‘cyclopropy1 moiety.
F 1.60-1.35 1 S | |
' : Cyclopropyl methylene.
G 1.35-1.2 ]
Ho 0.9 0 - Inpurity.

After acid.hydrolysis a compound‘with the .same retention time
as acrolein was observed. Also, other\majbr‘peaks Were ob-
sefved.Théatro]ein peak was estimated td_be approximately 25%

of the products. Mechanistically, this'tan arise from the
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reaction delineated in Figqure 3.

| o
4 -
e o

H

Figure 3. Hydrolysis mechanism producing acrolein.

J. Galactosidic linkage.
1. B-galactosidase from £. coli, when allowed to react with
the toxin for 18 hrs yielded no free galactose.
2. a-galactosidase with the toxin for 18 hrs yielded less
than 17 galactose.
"From these results it is concluded that the galactosidic
linkage in the toxin is o."

It appeared from this work that the two additional chromatographic

steps resulted in a pure sample of helminthosporoside.

There was a period of 5 years when no further work was attempted

toward verification of the structure of helminthosporoside. However,

in 1976 the work described here was initiated. The following questions

were the intent of the study:

1. Can the proposed structure for helminthosporoside be verified

by synthesis?
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2. Can methods be devised'to'aidvin‘the‘toxin purificatibn‘pro—.
cedure, ifvthe foxin.pfeparation is notlbure?' ' |
3. Wil other related mb]eéu]es, obtained‘by‘éynthésis;"cause .

symptoms on sugarcane leaves similar to helminthosporoside?




RESULTS. AND DISSCUSION
The primary focus of this work wasito verity:by synthesié, the B
proposed structure of helminthosporoside. Since the cohclusions of the
work presented in the introduction suggested an q—galactoside, the ap;
proach taken was to ut111ze existing methodologies for synthes1s of

12-17 Consideration was given to se1ect1on\of methods

a-D-galactosides.
for obtaining the carbohydrate and aglycone moietieé, which'might be
app]ied to other related galactosides. thh these goaTs,‘synthesis

of 2-hydroxycyclopropyl a-D-galactopyranoside and related compounds?f
was jnitiated. | |

‘The initial stratedy for preparation of.he1mihthosporostde.Was to
utilize perbenzylated .galactosyl chloride and a cyclopropaned101t' Spe-
cifically, it was planned, as delineated in Figure 4, to'react 2,3,4,6—

tetra—O—benzy]—u—D-gaiactosy1 chloride, (2), w1th'3,37dimethy];],24cy-f'
- ¢lopropanediol, (3), to producerthe ga1actoside:(§).1?

This series of reactions was hot desdghedfto give he]mﬁnthosporof
side, but was rather to test out the methodo]ogy using compoundsfthat
were more readily available. The product (é)j would be an ana]ogue of
he]mihthosporoside Analogues of he1m1nthosporos1de wou]d be of 1nter—
est, because phytotoxicity cou1d be related to structure thereby Tead-

ing toward an understand1ng of what structura] character1st1cs are

- essent1a1 for tox1c1ty;




CH3

H CH3 CHz

3

Figure 4. A double SNZ reaction on perbenzylated galactosyl

chloride.

Without Titerature precedent for 1,2-cyclopropanediol, the ana-
Togue, (3), was considered a good possibility to work out the described

methodology. As shown in Figure 5, Chen and Ainsworth18

made 3 from
diethyl-dimethylmalonate, (5), by the acyloin condensation. The proce-
dure for making diethyl-dimethylmalonate was the same as used by Adams
and Kamm]9 for making ethyl n-butylmalonate.

The method for making diethyl-dimethylmalonate worked well with an

overall yield of 66%; however, the reaction to make the cyclopropyl
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HO

HO
I Na—NH3(1) H

(CHQZC(COZC H2CH3)2 2. NH,CI

> 3 CH3
CH3g

| Products

Figure 5. Acyloin condensation.

derivative did not work as expected. The reported method]8 utilized
sodium in liquid ammonia, followed by removal of the ammonia and adding
ammonium chloride. Upon inspection of the reaction mixture by glc the
major portion of diethyl-dimethylmalonate had not reacted and there
were at least nine products. Changes were made in the procedure in an
attempt to improve the reaction. Lithium was used instead of sodium
and the ammonium chloride was added before the ammonia was evaporated.
Upon inspection of the reaction mixture by glc very little starting
material remained, but there were at least twelve products. Seven of
the most dominant products were collected by glc and tested with anti-
mony trichloride, since it has been observed that a number of cyclopro-
pyl compounds react with this reagent to give a pink flouresence under
ultraviolet light. The results of testing these cyclopropyl compounds
are represented in Table 3.

The material from only two peaks gave a positive test. The NMR
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Table 3. Cyc]opropyT_derivatives treated with antimohy; :

trichloride.
Compound . F]ouresence,‘Co]Or
| /A\ | Yes, pink
AcO”™.: = "COOCH,CHz ' '
Zfﬁk\\ ' None

‘ oN

Zf§\<\ Yes, -pink
COOH '

’//1423\\\ Yes, pink

HO CHo0H

. spectrum was'obta{ned‘fromlfhe'most abUndaht of the tﬁo>¢omb6uhds;
however, it was not consistent with' the theokética1 spectrum. ’Therel
was not enough of‘the second compound to obtain ah NMR.specthm.‘.NMﬁ»
spectra were taken of ‘all the other products that exiéted in 1arge’
enough_quantity. But, these a]so'prOVEd-not to correlate with the
theoretiéa] spectrum. | | |
At this juhctﬁre COrrespondehce with the'aqthéré of thié work ‘was

made, Tending no additional information or samples for comparison.
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Therefore, our inability to repeat this work and the lack of samples
for comparison prompted us to discontinue this approach.

As an alternate approach, a carbene reaction with a vinyl galacto-
side would result in a cyclopropyl galactoside. By using the appropri-
ate carbene, 1 would be generated.

The following sequence of reactions demonstrates the synthetic
methodology. The first products in this series of derivatives were
methyl o-, (7), and g-D-galactopyranoside, (8). These result from an
acid catalyzed attack of the methanolic oxygen on the anomeric carbon

of D-galactose, (§),20 as depicted in Figure 6.

Figure 6. Fischer method of producing methyl galactosides.
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Treatment of 7 with benzyl chloride and potassium hydroxide produces
methyl 2,3,4,6-tetra-0-benzyl-a-D-galactopyranoside, (9), protecting
all free hydroxyl groups.Z] This protection reaction is delineated in
Figure 7.
The next step is the removal of the aglyconic methyl group by acid
hydrolysis. The only method available for this reaction was that re-

ported by Austin et a1.;22 however, it required a reflux for 10 days.

OBz

BzCl H
—

KOH/dioxan

H OCHz

Figure 7. Benzyl ether protection.

Figure 8 describes this reaction resulting in 2,3,4,6-tetra-0-benzyl-

a-D-galactose, (10).

H OCH3
9

Figure 8. Aglycone removal by acid hydrolysis.
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, Purifjcatjon by thin—]ayer chrometography (ethy1acetate¢methan01, 4;1)
”en silica-gel revealed é large amount of one'preduct. By NMR, the ra-
_tﬂ)ot aromatic to non—aromatic hydrogens was not consistent with the
‘theoretical values. Therefore, a ctromatogtaphic_system with better
reeejving power was found; namely (carbontetrachloride-methanol, 9:1)
on_stﬂica-gel. With this new so]vent syStem;,31X'products could be
resolved from the starting material. fhe required prdduct,v(lg); was
a]softhe majdr product. By making é‘plot ofy(]—RF)_Qs. tnumber of
benzy1 greups oﬁ:gaWaetose), a stréight.11he.Was.obtaiped with a eok—'
relation‘coefficient of 0.9993, as repreSented in Figure 9. These
extreneoué products appear to result from;degrédation of lg.by'euecese_.
sive removal of benzyl groups. Atso,'the column chrometogkaphy metﬁod-
suggested by Austin et a] 22 for butifying the'products failed to.work.
Since this method is very laborious and does not work well, a different
method was requ1red. |
.A method by Glaudemans ahd F]etcherQT was tried eveh thoegh'tt
had been used only for hydro]ys1s of the gTucose counter part This
method requ1red using a mixture of acet1c and su]fur1c ac1d at 95°C -
for 24 hrs. ‘Separat1on of -the react1on‘m1xture by thin-Tayer chroma-
togr@bhyrevea1ed at least five prOduets, correébending.tq thosetebtained
by tﬁe ftrst method. However, with this brocedUre the major ptoducts
were;due to the degradetion of 10. A timed hydto]ysis.study_was under-

taken at three different temperatures;-759C, 80°C and 85°C. The reac-
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0.9

0.8

0.7 —

W-RF

0.6 —

0.5 —

0.4

| 1 ] I
0 | 2 3 4

Number of Benzyl Groups on Galactose
Figure 9. Graph of ]-RF value vs. the number of benzyl groups

on galactose.

tion was followed by thin-layer chromatography. At a temperature of

85°C, after a period of 5 hrs there was nearly a complete conversion of
starting material to products. Also, essentially only 10 was obtained.
However, when the temperature exceeded 90°C, degradation was initiated.

In a transvinylation reaction, 10 was converted to vinyl 2,3,4,6-
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tetra-0-benzyl-a-D-galactopyranoside, (12), by reaction with ethyl vin-
y1 ether, (11), and mercuric acetate (Figure 10).23 However, after 55
hrs it was observed by thin-layer chromatography that most of the star-
ting material remained. Therefore, 43 molecular sieves were added to

trap the released ethanol, forcing the reaction to completion.

CH3CH2(1)§H=CH2
ﬂ—’

Hg(oAc)2

CH
2
Figure 10. Vinylation of 2,3,4,6-tetra-0-benzyl-a-D-galacto-

pyranoside.

Within 21.5 hrs five products were observed. By examining the NMR
spectra of the products, it was apparent that one was the required
derivative, (12); but, others lacked benzyl groups. The reaction was
attempted again, aning the 43 molecular sieves at the begining of the
reaction. After 12 hrs the reaction was monitored by thin-layer
chromatography, revealing the same products, with 12 as the major one.
It appears that mercuric acetate was catalyzing removal of benzyl

groups.

The next two steps in the methodology for obtaining 1 are shown in
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Figure 11. The preparation of (2-0-t-butyrate cyclopropyl) 2,3,4,6-

tetra-0-benzyl-a-D-galactopyranoside, (14), requires attack of carbene,

(13), on 1_2_.24
0
(@ 3)$CCOCH2C§
=
\ i
M
i
.. -1
l_(CHs)sc C—0-CH |
OBz it OBz

CH.,CH,0CH, CH
“i ‘;U H Ciq

Figure 11. Formation of (2-0-t-butyrate cyclopropyl) 2,3,4,6-
tetra-0-benzyl-a-D-galactopyranoside by a carbene

reaction.

Benzyl ether and ester cleavage from 14 can be carried out by a

sodium-liquid ammonia reduction, followed by addition of ammoniumchlo-

ride, resulting in the derivative, (1), as shown in Figure 12.23
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OBz

Figure 12. Benzyl ether and ester cleavage by a dissolving metal
reduction.
Before initiation of the last two steps, a ]3C-NMR spectrum of
helminthosporoside was obtained, and the values of the resonances are

13

listed in Table 4. Since the “C-NMR spectrum ruled out the possibil-

ity of a cyclopropyl residue within the molecule, attempted syntheses

of cyclopropyl derivatives were terminated. The 13

C-NMR spectrum of
helminthosporoside had only nine major resonances, this number agreed
with the original postulate that helminthosporoside had only nine
carbons. Therefore, syntheses of nine carbon derivatives were still
considered.

It was suggested that a glycerol moiety may be the aglycone of
galactose. This would be consistent with the CMR resonances (63.14,

63.51, and 81.91 ppm), but would not be consistent with the chromatog-

raphy data; where it is observed that the polarity of (1,3-propanediol
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Table 4. ]3C resonances of helminthosporoside.

PPM(TMS) Intensity Multiplicity Carbon #
bt A gl — _Assigment_

107.85 138 d 1
83.3 W27 d 2
81.91 225 d

Vi A 7 162 d 5
76.79 98 d 3
Tl ! 52 d 4
63.51 133 7

63.14 121 t

61.89 99 t 6

2-0) «-D-galactopyranoside (isofloridoside), (16), would be greater

than that of the toxin (Figure 13). These two compounds were aquired25
and bioassayed, and exhibited no observable toxic activity on suscept-

able sugarcane Teaves.

CHon
H s O“‘CH

CHoOH

Figure 13. Floridoside, (15), and isofloridoside, (16).

Based upon the CMR data, a second structure, (2,3-epoxy propene-
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1-0) a-D-galactopyranoside, (17), for helminthosporoside was proposed,

and is shown in Figure 14.

A S e

Figure 14. The second proposed structure for helminthosporoside.

A methodology for obtaining 17 requires the preparation of allyl

a-D-galactopyranoside, (20), followed by its epoxidation. Two methods

for synthesizing the allyl derivative were considered, and were simul-

taneously carried out. Figure 15 shows the first method utilizing a

double SNZ reaction on the chloride, (2), by potassium iodide and ally]l
12

alcohol, (18), to produce the allyl derivative, (19). The reaction

was observed, by thin-layer chromatography, to go to completion.

OBz

(,'HZZ".CHCH?OH

18
B e Y
KI, 2,6-1utidine
acetonitrile

Figure 15. Sp2 reaction by allyl alcohol.
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A dissolving metal reduction would remove the benzyl ethers. The sec-
ond procedure, known as the Fischer method,26 gave large amounts of

crystalline 20 by a more direct route. This sequence, adopted from

Talley et al. (Figure 16), consists of an acid catalyzed attack of 18
27

on 6 to form the alpha anomer, (20).

Figure 16. Allyl a-D-galactopyranoside by the Fischer method.

Derivative 20 was acetylated with acetic anhydride and pyridine at

0°C to give crystalline allyl 2,3,4,6-tetra-0-acetyl-a-D-galactopyrano-

28

side, (21),”" as shown in Figure 17.

OAc

(€H,€0),,0

e O

pyridine

Figure 17. Acetylation of allyl a-D-galactopyranoside.
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Methods of acetylation involving reflux had been tried; however, they
produced colored products which would not readily crystallize.
An attempt to epoxidize 20 by perbenzoic acid was unsuccessful.
However, epoxidation of 21 by m-chloroperoxybenzoic acid produced (2,3-
epoxypropene-1-0) 2,3,4,6-tetra-0-acetyl-a-D-galactopyranoside, (22),

as shown in Figure ]8.29

OAc OAc
m-chloroperoxy-
benzoic acid
el
i 1
CHC 3

Figure 18. Epoxidation of allyl 2,3,4,6-tetra-0-acetyl-a-D-galac-

topyranoside.

The acetyl protection was removed from 22 with a catalytic amount

of sodium methoxide to produce 17, as delineated in Figure 19.29b

It is of interest to note that isofloridoside, (16), can be synthe

sized from 17 with the addition of perchloric acid.30

Isofloridoside
is a naturally occurring glycoside isolated from red alga (Porphyra

umbilicdlis,3] and this method (as shown in Figure 20) represents one
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OAc

;S
HN/ H

\O \O
Figure 19. Deacetylation by a catalytic amount of sodium methox-

ide.

way of synthesizing isofloridoside.

When 17 was tested on sugarcane leaves (clone 5ING97) susceptible
to helminthosporoside, no runners or lesions were formed. When the
intermediate, 20 was placed on susceptible sugarcane Teaves, lesions
formed. Placing 20 on sugarcane leaves (clone 7209), resistant to
helminthosporoside, resulted in no lesions being formed. Allyl «-D-
galactopyranoside causes lesions and runners, but large quantities were
required.

Bioassays with known amounts of allyl «-D-galactopyranoside were
conducted on sugarcane leaves, both susceptible and resistant to hel-
minthosporoside. The method for sample introduction was similar to
that of Steiner and Byther,5 that is a drop of toxin was administered

to a needle puncture near the base of an excised leaf. There was no
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Figure 20. Epoxide opening to form the diol.

reaction on resistant sugarcane leaves to varying amounts of allyl a-D-
galactopyranoside up through 530 pg per spot, at 115 hrs. By adminis-
tering 150-600 ug of allyl a-D-galactopyranoside per spot, runners formed
within 36 hrs on the susceptible clone, 5ING97, as shown in Table 5.
[t was noted that runner length varied considerably from leaf to leaf
as well as within the same leaf. This same effect was also observed
when helminthosporoside was placed on sugarcane leaves. Therefore, the
large variation in response makes quantitation of amount vs. runner
length unreliable.

Since allyl a-D-galactopyranoside mimicked helminthosporoside in
its reaction with sugarcane leaves, it was of interest to investigate
if it biochemically bound to the same site as helminthosporoside.
Halves of sugarcane leaves (clone 5ING97) were placed in a solution of

allyl a-D-galactopyranoside (22 mg/ml) and the other leaf halves were
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Table 5. Runner 1ength for the amount of a]]y] a-D= ga]actopyran-

oside placed on sugarcane c]one 51NG97

Allyl a—D-ga1actoside, e Runner 1ength at 36 hrs, cm
600 4.9 -
500 - 4.0 -

450 2.1
400 0.4
350 2.9
300 1.9
250 0.9 -
200 1.9
150 1.1

70 0.2 .
35 0.4
15 0.0

_placed in water for five hours. Both Halves_of‘each leaf were then
“injected with a solution of he1minthp$poroside} Those halves soaking’

~in water obtained runners, while ‘the halves soaking in él]yl a-D-galac-

topyrandside were unaffected. However, after two days the sectibné of -

leaves soaking in a]]y] a- D- ga]actopyranos1de became a s]1ght ye]]ow-

brown co]or

With the observat1on that the epox1de, (1 ), was not phytotox1c, a

new working structure, (3 oxetany]) a-D- ga]actopyranos1de, (23), for

helminthosporoside was proposed, as shown in Figure 21.
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Figure 21. The third proposed structure for helminthosporoside.

The carbohydrate moiety, (2), required for a coupling reaction]2

was prepared from 10 and thionyl ch]oride,22 as shown in Figure 22.

Figure 22. Reaction of thionyl chioride on 2,3,4,6-tetra-0-

benzyl-a-D-galactopyranoside.

The aglycone moiety required for the attachment reaction was 3-
oxetanol, (27). The method of obtaining 27 required a four step reac-
tion sequence. Chlorine gas was introduced into allyl alcohol, (18),

producing 2-allyloxy-3-chloropropanol, (24). After removal of excess
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18, aqueous sodium hydroxide was added and when the solution was heated,

3-allyloxyoxetane, (25), was obtained,32 as shown in Figure 23.

OCH,—CH=CH,
HOCHp;—CH=CH) gy HOCH;—C-—CH,Cl
c1 i
138 2 24

H

aq. NaOH 0
A

25

Figure 23. 2-allyloxy-3-chloropropanol from allyl alcohol.

Double bond rearrangement within 25 by potassium t-butoxide in

dimethyl sulphoxide produced 3-propeneoxyoxetane, (2 ),33 as delineated

in Figure 24.

OCH,—CH=CH, OCH=CH—CHg
H H
——— S
g e s . H2 Ha
(o) K t-butoxide (0)
DMSO
25 26

Figure 24. Double bond rearrangement.
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The aglycone moiety, (27), was obtained from 26 by a five day,

mild, acid hydrolysis (Figure 25).33
OCH=CH—CHg OH
i H R H
H H —_— 9 2
2 2 very dilute H2504 o
H,0,MeOH
26 27

Figure 25. Propene hydrolysis to form 3-oxetanol.

The reaction described by Figure 25 was monitored by glc at timed
intervals to evaluate the necessity for a five day time period. A plot
of the data (listed in Appendix A) is depicted in Figure 26, showing
that at five days, 90% of 26 was converted to 27. This result corre-
sponded quite closely to a reported five day hydrolysis, with an 85%
conversion.33

The reaction'® to couple 27 with 2 (Figure 27) in an attempt to
produce (3-oxetanyl) 2,3,4,6-tetra-0-benzyl-a-D-galactopyranoside, (28),
actually produced the g-anomer, (29).

Hydrogenolysis of 29 would be expected to yield (3-oxetanyl) g-D-
galactopyranoside, (30), the opposite anomer of the proposed structure,
(23), as shown in Figure 28. However, the hydrogenolysis did not go to

completion. Since amines can poison catalysts, 29 was prepared in a

way to be certain that all 2,6-lutidine was completely removed, still
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*
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Figure 26. Percent decrease of 3-propeneoxyoxetane with time.

*<Amggm are normalized to 100%
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KI, 2,6-lutidine
acetonitrile H 28 H

Figure 27. Formation of oxetanyl perbenzylated galactoside.

no complete hydrogenolysis was observed. Since acid can increase the
rate of hydrogenolysis, acetic acid was added. Again, no further

reaction was observed.

Figure 28. Expected hydrogenolysis reaction.
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A model compound, benzyl cyclohexylether, (32), was synthesized

from cyclohexanol, (31), with the addition of sodium hydroxide and

benzyl chloride, as shown in Figure 29.34

0Bz
2. BzCl
Dioxan

Figure 29. Benzylation of cyclohexanol.

Hydrogenolysis of 29 was attempted again without success, then the
catalyst was filtered from the mixture, washed with methanol and placed
in an ethanolic solution of 32. Hydrogenolysis of this mixture was
attempted for two days, by glc analysis no reaction took place. Hydro-
genolysis of 32 with fresh catalyst was complete within one hour.
Therefore, it appeared that the catalyst was poisoned by 29. To confirm
the carbohydrate moietys ability to be hydrogenolized, methyl 2,3,4,6-
tetra-0-benzyl-a-D-galactopyranoside, (9), was completely hydrogeno-
lized to methyl «a-D-galactopyranoside, (7), in one hour, as shown in
Figure 30.

It was then necessary to look at the effects of the oxetanyl ring
on hydrogenolysis. Different amounts of 3-oxetanol, (27), were added

to ethanolic solutions of 32 and hydrogenated for one hour. Theresults
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H ,  OCHj e OCH3

Figure 30. Hydrogenolysis of methyl 2,3,4,6-tetra-0-benzyl-a-D-

galactopyranoside.

are tabulated in Appendix B. When the amount of 27 increased, the
amount of hydrogenolysis decreased, as shown in Figure 31.

Since the pressure of hydrogen may have an effect on hydrogenol-
ysis, 29 was hydrogenolized with 60 psi of hydrogen. There was no ob-
servable enhancement of cleavage. To increase the hydrogen pressure
over 60 psi, a Parr bomb was used. With a sample of 29 in ethanol,
1000 psi of hydrogen was applied for 2 hrs. The result of this
experiment, as seen by thin-layer chromatography, was the same as with
lower hydrogen pressure. Since the benzyl protection could not be
totally removed by hydrogenolysis, a dissolving-metal reduction was
attempted. Sodium-ethanol reduction did not remove all of the benzyl
groups. It was concluded that this molecule, (29), containing the

oxetane ring was not suited for easy benzyl group removal. Therefore,
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Figure 31. Percent hydrogenslysis vs. moles of 3-oxetanol.
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Yields are normalized to 100%.
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A second methodology for making 23 utilized an anomer rearrange-
ment (anomerization) of the g- to the a-anomer. A peracetylated-g-ga-
lactoside is commonly anomerized by either titanium tetrachloride or

16

boron trifluoride-etherate. To obtain starting material for the re-

quired Koenigs-Knorr glycosidation reaction, a multiple step, one-pot

reaction was utilized, with the preparation of 2,3,4,6-tetra-0-acetyl-
35

a-D-galactosyl bromide, (33), from D-galactose, (6), " as shown in

Figure 32.

OH OAc

1. acetic acid
Perchloric acidH

2. Red Phosphorus AcO
) Bromine

(H\OH 3. Water

|

Figure 32. Bromo-acetylation of D-galactose.

The coupling of 27 to 33 (Figure 33) was accomplished with the aid
of silver carbonate, Drierite and 33 molecular sieves, giving (3-oxe-
tanyl) 2,3,4,6-tetra-0-acetyl-g-D-galactopyranoside, (34). Proton NMR
spectroscopy gave no indication for the alpha anomer, as evidenced by
the lack of a doublet from 5.0-5.4 ppm. However, with this type of
reaction (Figure 33), one generally anticipates obtaining 1-5% alpha
anomer. In a concentration of 1-5%, the alpha anomer might not be ob-

served by NMR spectroscopy. The reaction mixture was subjected to glc
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and two components were collected, one being present in considerably
larger quantity than the other. When these components were compared
by thin-layer chromatography, their RF values were identical and equal
to that of the product, (34). Therefore, it is suggested that the

reaction mixture contains both alpha and beta anomers.

H Br g0 H
33 - R
+ diierite
3A molecular
OH sieves
CHC]3
H
H2 H2
(0]
a7

Figure 33. Koenigs-Knorr glycosidation.

With a catalytic amount of sodium methoxide, 34 was deacetylated—
as depicted in Figure 34— to produce (3-oxetanyl) g-D-galactopyrano-

side, (30).%®

The product mixture was bioassayed on susceptible sugar-
cane leaves, but, no lesions formed. After deacetylation, paper chro-
matography was used to separate the reaction mixture into two products.

Neither of these were active on susceptible sugarcane leaves.
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OAc

Figure 34. Deacetylation to produce (3-oxetanyl) g-D-galacto-

pyranoside.

To obtain a Targer proportion of the alpha anomer, titanium tetra-
chloride was used in an anomerization reaction,mC as shown in Figure 35
Rather than obtaining the expected alpha anomer, (§~), the chloride,

(36), was obtained. It is known that titanium tetrachloride can dis-

place a glycosidic acetyl group, to produce an alpha ch]om’de.37
OAc

Figure 35. Attempted anomerization with titanium tetrachloride.
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Since titanium tetrachloride did not facilitate the expected ano-

16ab as described in

merization, boron trifluoride-etherate was used,
Figure 36. With these reaction conditions, only polymeric materials

were produced.

polymeric products

Figure 36. Attempted anomerization with boron trifluoride-etherate

Polymerization is often observed from compounds containing the oxetane

ring. It is especially favorable when using a nonpolar solvent and

38

boron trifluoride-etherate, with no nucleophilic agent present. A

possible reaction mechanism is delineated in Figure 37.39

While the reaction in Figure 33 was being carried out to produce

the intermediate, (34), it was of interest to attempt the synthesis of

23 by a reaction of phenyl 1-thio-g-D-galactopyranoside, (37), with the

appropriate alcohol, in the presence of mercuric acetate (Figure 38).]5
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Figure 37. Oxetane polymerization mechanism.

The thio-derivative, (37), was a gererous gift from Dr. Richard

Furneaux.40 A number of simple derivatives were synthesized as model
compounds in order to become familiar with the reaction. Table 6 gives
these derivatives with respect to the aglycones, 1listing the RF and

R of each, using silica-gel with the solvent system, (ethyl methy]l

Gal
ketone-ethanol-water, 75:12:6).

Hg(OAc)2

ROH, THF

Hoag o ey

Figure 38. Mercury-ion assisted glycosidation.
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The reactfon mixtdre for each product (as shown in Table 6) was
bioassayed on susceptthe sugarcane 1eaves. Other than‘a11y1 a-D-ga1ac-‘
topyranoside, the only derivattves exhibitﬁng actirtty were the propyPs
and ethy]‘a—D-ga1actopyranosides Table 7 1ists thése,compounds;
1nc1ud1ng the amounts assayed and 1es1ons formed fhe‘on1y'derivattre
| exh1b1t1ng act1v1ty at the 350-700 ug level, was_nepropyl_a~D-gaTactogn.
pyranoside, which exh1b1ts ahout one—tenth the activity of a11y1 a-D-
galactopyranoside (Table 5). : ' R

Since ai] reactions for the‘simp1e ga1actosidesIWere we11Fbehaved,
except the allyl alcohol experiment— Where.the;double bond reacted. with
mercuric acetate, the reaction with 3—oxetanot was next attempted. -
When the mercury—ton‘assisted reaction of gz_andlgz_was carried'out
(Figure 39), no product-was observedf However, when.two equivalents .
of nercuric acetate were osed, four products were obServed by thine
1ayer chromatography. The mixture Was bioassayed and no‘activity was
observed This m1xture was not subJected to further separat1on
procedures.

As a consequence of the observation that no oxetanyl derivatiVes_
were active, a new working structure was suggested, (§9), for helmin-
thosporoside, as depicted in Figure 40. The'two 1somers (39a), and
(39b), are the last possible comb1nat1on of carbon, hydrogen, and -
oxygen atoms that wou]d sat1sfy the prev1ous phys1ca1 and chemical data *

obtained for helminthosporoside.
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Table 6. Galactosides produced by a mercury-ion assisted glycosi-

dation, their R. and R values obtained from thin-

F Gal

Tayer chromatography on silica-gel using the solvent

system (ethyl methyl ketone-ethanol-water, 75:12:6).
OH

—H 0.074

— CH,CH,CH,0H 0.23

—CHy 0.32

—CHS (authentic) 0, 29

—CH,CHg 0.48
o

—CHoCHoCHz 0. 60

—CHZ-—S::CHZ 0.59

—CHZ_S:CHZ (authentic) 0,58
CHz

—S—CHZCH;S 0.64

—CH,CHoCH,CHg 0.65

RGa 1

1.0
3.1
4.3
39
6.49
7.84
8. 11
10
7,34
8.65

8,78

8,38
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Table 7. Bioassays on 5ING97 with some a-D-galactosides having
two and three carbon aglycones; runner length was deter-

mined 3 days after application.

length of lesion length of lesion
at 350ug per spot at 700ug per spot
R (mm) (mm)
—CHoCHgz 15 15
—CH,CHyCHg 37 70
e
—G—CHs 1.0 25

The synthetic strategy considered for obtaining the derivatives,
(39a), and (39b), was very lengthy and required a large number of
intermediates. The dioxan like structure of these compounds was

potentially available by the reaction of allyl a-D-galactopyranoside,
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Figure 39. Mercury-ion assisted glycosidation with 3-oxetanol.

HO—CHy

Figure 40. The fourth proposed structure for helminthosporoside.
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(20), with a mercury (II) salt via a solvomercuration-demercuration,
obtaining 40. Mercuric acetate is known to better facilitate formation
of the tetrahydrofuran ring, than the tetrahydropyranyl ring adduct,
through an internal solvomercuration-demercuration reaction. Mercuric
sulfate, on the other hand, facilitates a larger percentage of the

4 When the reaction was carried out

tetrahydropyranyl ring formation.
with mercuric acetate, the only product observed was 41, as indicated

by Figure 41.

O\
H 4 CHy

|

Ho—GH

CHg

Figure 41. Solvomercuration-demercuration with mercuric acetate.
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Upon reacting 20 with mercuric sulfate, two products were observed
(Figure 42), the lesser mobile, by thin-layer chromatography, was iden-
tical to the product; (41), obtained with the mercuric acetate reaction.
The other product had a chromatographic mobility consistent with that
expected for 40. This mixture was observed not to be phytotoxic to
susceptible sugarcane leaves. Other than the lack of phytotoxicity of
these derivatives, an additional reason for discontinuing this line of

investigation presented itself after re-examining the CMR spectrum of

helminthosporoside.

HgSO4

THF, HZO

Ho—CH

Figure 42. Solvomercuration-demercuration with mercuric sulfate.
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In_an attempt to_verjfy the presence of_a C-2 linkage 5n the toxin,
a method utilizing reported CMR data was investigated. The method w{113'
be discussed in detail in Section 3. 'The-tMR resonances from hé]mintho_-l'r
sporoside are found in Table 4 (page 31). ‘Figure 43 shows the-method of .
represent1ng CMR data for easy comparison of he1m1nthosporos1de to the
two g]ucos1de anomers The only types of mo]ecu]e that compared w1th the
resonances of he1m1nthosporos1de were the g-D- g]ucopyranos1des, s1nce
o- and B-D-galactopyranosides did not_favorab]y compare to any of the
nine major CMR resonances obtained for helminthosporoside. Atso, from
this.type of comparison, thé molecule does.contain a CQZ Tinkage. '

After the latest CMR data analysis;’the gTUCOsides, (42), were ,
suggested as poss1b1e structures for he]m1nthosporos1de, as shown in
Figure 44. Th1s structure was contrary to the prev1ous data, i. e. s a.
1ga1actose mo]ecu]e containing an aipha linkage. 1In 11ght of,th1s
anomaly, it was necessary to abandon all synthetic approaches and. |
concentrate on reiisolation of helminthosporoside, checking for purity
‘and poss1b1e ways of advancing the techniques for its isolation and |
pur1f1cat1on o

A flow sheet sumharizing the method.ut11tzed for isolation of hel-
minthosporostde is given-in Figuref45. 'Thjs methodrhas been used-by :
Strobel's 1abdratory, and resulted in the 1so1atton of a yellow-brown
syrup, 1ndicat1ve‘of an impure carbohydrate mixture.. ' |

Noné of the purification steps had included activated charcoal,
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CHoOH

Figure 44. The fifth proposed structure for helminthosporoside.

and thus this seemed a reasonable procedure to include. An ethanolic
solution of the toxin preparation was heated to boiling with activated
charcoal. The mixture was then filtered, and the filtrate was taken

to dryness at 40°C. When the resulting material was bioassayed, there
appeared to be no loss of toxic activity. However, even though the
physical appearance of the preparation improved, it still had a slight
color. The next step pursued in further purification of the toxin
preparation involved high presure liquid chromatography, using a p-bon-
dapak carbohydrate column. To select the proper solvent system, it was
important to understand how the toxin behaved relative to other carbo-
hydrates. A series of solvent systems was selected that varied in the
percentage of acetonitrile to water. Various carbohydrates, methyl
a-D-glucopyranoside, glucose, maltose and maltotriose (Figure 46) were

compared to the toxin in these solvent systems.
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Cu]ture of H. sacchari

f11ter through cheesecloth andLWhatman #1 and #50 f11ter paper

' concentrate, 1/ﬁ0 or1g1na1 vo1ume

Add three vo]umes of acetone at 4°C

| D1scard ppt

evaporate, 1/1P original vo]ume
extract with three successive 1/4 vo]umes of water saturated butano]
D1scard water fractton,_
concentrate, 1-2°ml | |
Bio- ge] P 2, 200 400 mesh, chromatography co]umn -
' concentrate 1 mi B
descending paper‘chromatography, system (1—butano1+acetic}actd—

R

. = 0.30 o 1 water, 4:1:5)':"

concentrate, 1 ml

descend1ng paper chromatography, system (1—propano]—ammonium"_

1

RF‘= 0.80 e 1 ‘hyoroxide¥water,.653£1}

helminthosporoside prep;f

_ Figure’45 - Flow sheet summar121ng ‘the 1so1at1on procedure

for obta1n1ng the he1m1nthosporos1de preparat1on
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A plot of the data, as seen in Figure 47, shows the toxin midway
between the monosaccharide, glucose, and the disaccharide, maltose.
Interestingly enough, if the toxin had any one of the earlier proposed

structures, it might be expected to have a retention time near that of

glucose methyl a-D-glucopyranoside

maltotriose

Figure 46. The carbohydrates used for comparison on HPLC.
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methyl a-D-glucoside, but not greater than glucose. .It‘ié Tmpbrtént.ss
to note that all of the plotted 11nés, exﬁept for methy]ia—D¥g1ucopyra;;
noside, intersect at a single boint coinciding with the voiH‘Vojume. |
Thisigccurs at 62.5% acetonitfi]e. thh‘percentagés of atetoﬁ%trfle'
Tess than 62.5, no separation can occur.

The solvent system, (acetOnitri1e—water,v78:22),”waS'used ih‘fhév '
separation of components from the he]minthospOrbsiJe preparation.“ A 
p]ot‘of the charcoal-treated he]minthoéporoside breparation'after Sep-
aration on the u-bondépak co]umn‘iﬁ shown in Fﬁgufe 48. Thé curve |
représenté the detector (refractive 1ndex) response. The bar graph f‘x%i
represents a measure of a"pheno1-su1furfc acid ana]ysis'for each tube;:

This analysis was utilized for determﬁhing total cahbohydrate.4]

'_OnTy
one region of toxic}ty was found, and it was always present at about. _
14-15 minutes from injection, depending on the run. The toxicity fs
indicated on the bar graph by using solid bars to 1nd1caté the.distfié'
bution of the activity. It -was important to wéit at Tedst one and two;
thirds hours between injections, bécéuse;of the S]ow Bleed-off df ma-
terié]s from the sample. o

The u]travioiet spectrum of the HPLE toxin prepafation-was'a1so ‘
obtajnéd, and is showh in Figure 49. Since the curve is broad (exfend—~‘
ing from 190-250 nm), there probab]& is more than Ong,ulfrayf61ep 554'
'ﬁveéybstance in the preparation. 7

After separdtion by HPLC, the actiVe material was poo]ed’and
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Figure 47. HPLC separation characteristics of some glycosides
and helminthosporoside on a p-bondapak carbohydrate

column with solutions of acetonitrile-water.
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Figure 48. HPLC separation of the heiminthosporoside preparation.
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Figure 49. Ultraviolet absorption spectrumiof]thE‘HPLC preparétion"' o
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placed on a 295 x 0.8 cm, Bio-gel P—Z‘(—4OO meéh) chromatography co]umn,
Idescfibed-ihfSectioh 4. The column eff]uent was. mon1tored by a f]ow- |
thru cell at 196 nm, and all peaks were subsequent]y bioassayed for f"
phytotoxicity For a typ1ca1 run, a]] peaks were checked for. pr1mary
am1ne funct1ona11ty by react1ng the fract1ons w1th f]uorescam1ne 43
The mater1a1 w1th tox1c act1v1ty had no- reat1on w1th f]uorescam1he,.
wh11e 75 ng of g]yc1ne gave a.positive reaction. With a typucallrun,
all fraet1ons around the peak containing toxic activity were aha]yzed -
for total carbon, as showh.in Figare 50. |

To better ebserve‘the‘symmetry of‘the toxin peak by the ujtraV1pe
let monitdr and determine whether the toxin would deteriorate by degra-
dat1on to other components, the fract1ons within the U,V.. absorbing
peak, conta1n1ng tox1c activity, were pooled and placed back over the
same column (Figure 51). The toxin gave one major peak at 92.9 ml, and
did not appear to have'degraded durihg‘fhe varipus manipulations, as
“evidenced by the lack of other peaks in the elution phofi]e;'typical of
smaller molecular weight compounds. |

‘An-ultraviolet spectrum was then obtained from the pdo]ed toxic
fractions encompassing four areas of the peak. A represenfative Ultra-
violet spectrum is found in Figufe 52. It is interesting to note that
- simple carbohydrateé Tike g]ucose,'cellobiose, maltotriose ahd even
.dextran T-40, have ultraviolet spectra‘with absorption maxima at 192 nm.

But,'a11y1 aLD-galactopyranoside has an ultraviolet spectrum with the,
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Figure 50. Bio-gel P-2 column separation of the helminthosporo-
side prep. (after HPLC), and total carbon analysis of

the fractions containing toxicity.
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peak maximum
92.9 ml

Tube Number

49.3 ml
void volume

B i

Absorbance at 196nm
Figure 51. Re-run of the toxic fractions over the Bio-gel P-2

column.
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absorption maximum at 195.5 nm. This result is éomparable to the ab-

sorption maximum of the toxin.

Max 7\ 195nm

Absorbarnce

[ 1 T
' 300

200 250

nm

Figure_52."U1tavio1ét spectrum of;thé Bio;geT.P-Z purified toxin.
The elution volume obtained for the tokin was ‘compared with values

of‘dther a-glycosides. Figure 53 shows the sizing distribution-of the

a¢g1ucosides in corn syrup on the Bio-gel P-=2 column. In the Figure,
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the G's represent glucose and subscript represents the number of resi-

dues in the oligomer.

G)
0.7 ﬂ
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Figure 53. Separation of the a-glucosides in corn syrup.
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The plot in Figure 54 is a straight line obtained from plotting
(Ve/Vo) vs. log(molecular weight) of the a-glucosides from Figure 53.44

By comparing the elution volume of the toxin to this plot, the number

of residues may be estimated to be 3.65.

234 ©

2.1 4

1 Ll T Al i
2.2 24 25 28 3.0 3.2 34
Jog molecular weight

Figure 54. Plot of Ve/Vo vs. log(molecular weight) for the

a-glucosides in corn syrup.
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It was of interest to compare thele1ution'vo1ume-of an a-galacto-
side, having a three carbon ag1ycone, to the data for the toxin. ATyl
a—D-gaTactopyranoside was placed on the Bio-ge] p-2 éo]umn; fhe e]utioﬁ,
profj]e obtained by monitoring at 196 nm is seen‘in Figufe 55. The re-
»sults obtained for allyl a—D—ga1act6pyranoside are,tabﬁ]éted wfth-fhe

toxin data in Table 8. Thus, 1t.appears that the to*in'is appfbximate— |

ly 1.25 residues larger than a11y1d—D-ga]actopyrénoside.‘ This is in-
teresting since-they both have néar]y the same‘R# vaTueé on paper chro-
matography (Table 9). The difference in size can not be éxp1a1ned by
merely adding more carbohydrate residues; since the pd]arity increase
assoqiated‘with‘hore_résidues would severly sTow “the ﬁoTecule down in
paper chromatography systems. |

At this juncture it seémed important to Todk into the devé]opmgn§5
bf a better bioassay éysiem to quantitaﬁe he]mfnthoSporoSide. The
first consideration was a pollen bioassay; however, éfter some attempts
it seemed an impossibility to obtain sugarcané po]Teﬁi‘ The next pos-
sibility was to Took more closely at the existing method for bioassay-
ing the foxin, With the hope of finding a way to improve on the system.
It seemed very important to consider’the structure of the leaf while |
searching for a bioassay system. The ngarcahe-Téaf has its structuréT
base, a hidrib, found at the centef of the 1eéf‘éhd running from the
stalk to the leaf tip. On either side of the midrib are large veins

evenly spaced from the center to the edge of the leaf. ;Bétween these'
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Absorbance at 196nm
Elution curve of allyl a-D-galactopyranoside on

Bio-gel P-2.
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Table 8. Elution volume and estimated number of residues for the

toxin and allyl a—D4§a1actopyrénosidé;

. ' : ‘ No. of
Compound o E}ution VoTume(m1) " Ve/Vo ' Residues
toxin | 92.9 1.88 -, 3.65
allyl a-D¥ga1acto—

pyranoside S 103.0 ' 2.09 2.4

‘Table 9. RF and RGa] values of allyl u—D—ga]actopyranoside and
helminthosporoside on Whatman #5471, With‘the sd]vént

system (1-propanol-ammonium hydroxide, 66:33).

Compound : ’RF ' " R

Gal
galactose B 0.4 = ].0
heijnthosporoside, ' -_ : 0.67 ' | 1.67

allyl u—D-ga1actopyranosfde 0.77 " 1.92

large veins are 8-12 smaller veins. A cross-section of the leaf is
found in Figure 56. |

By observing toxic activity dn sugarcane 1eavés,‘1t’bécame éppar-
ent §hat-the Térge veins Qere genera]]yifhe site for the 1ohg‘runners,
i.e., when a puncture was~hade away frdh a 1arée vein, ékossing‘éyer S

would occur, enabling the toxin to éventua]]y find its way to the large




e

Figure 56. Cross section of a sugarcane leaf.
(This photo, taken of a scanning electron micrograph, was
generously provided by G. A. Strobel. The letter V indicates

the position of the veins.)
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ve1n and subsequent]y traverse the 1eaf mak1ng a Tong runner It

- seemed reasonable that punctures close to and/or on- the 1arge veins may

cause more reproduc1b]e resu]ts By using a syr1nge, wh1ch is f]exmble,
the r1g1d1ty of the veins precluded direct puncturetf'Therefore, a |
non—fTex1o1e tool was reouired for puncturing the vetns; Puncturing |

too]s were machined (1n mechan1ca1 eng1neer1ng) from séWing'need1es,

_s1ze 1/10 to obta1n a razor edge 350-500 microns in w1dth, as shown in

F1gure_57.

The fo11ow1ng‘exper1nent was performed to'check'the importance of
puncture_position._'A sugarcane‘leat was punctured_between and on\]arge
veins (thure 58), at positions where -a microitter'of‘toxin solution
had been-placeo. Within 45~m1nutes‘and.after 2.5 hrs:data were obtain-.

ed as described-in Figure 58. The runners obtained'from punctures on

- veins were much larger than those obta1ned from punctures between the

veins. It a]so was seen, (puncture.#3),.that crossing over to a large
vein 1mproved the runner_]ength. The crossing over‘phenomena is‘thus
potentially the source'OF }arge variance in the bioassay data. )

To verify the previous results, a serﬁes of'63'punctures nere made
~in sixteen leaves. Most'punctures resuTteo 1n‘runners extending the
ent1re length of the exc1sed Teaves; therefore, runner 1ength -could not -
be used as the only cr1ter1a for ana]yz1ng the: leaf s response to the‘r-
different puncture pos1t1ons. Runner 1ntens1ty and runner. 1ength were o

.observed, as tabulated in Tabie 10. There were three t1mes as many
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Position of Punctures on the Leaf

1 2 = 3 4
E
’ N ! .
Puncture number - 1 2 3 4
‘Runner Length at ) :
45 min. ; 5cm 15.5¢cm 6cm l4cm
Runner Length at " . ’
2.5 hrs. 6.5cm 18cm 9.5cm 16.5cm
T (Crossing). -~

over

Eigure‘58L Pre]iminary biOassay to test the hypothesis of

injecting the 1arger_ve1hs for better rdnners.

runners with poor intensity from punctdres.befweeh‘the‘veins as'erm
puncmures ih the vein. The average length of.the rdnners with poor-
intensity resu]ting from punctures befween the veins was 26%.1ess-than'
_those runners with poorvintensity from pdhctures"in the vein. |
Even though this system looked very‘promising, it was'not used"l

.for quant1tat1on, because available time and other research comm1tments(
did’ not a]]ow deve]opment of a quant1tat1on scheme for th1s assay sys—
tem.: Therefore, chem1ca1 and 1nstrumenta1 ana]ys1s were performed on
the tox1n preparat1on obta1ned from the B1o ge] P 2 co]umn w1thout

quantitation of b1oiog1ca1 activity.

"As a‘resu1t'of these analyses, a preTijnary‘strutture,for»he1minr ,
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Table 10. Bioassays with punctures between the veins and in the

veins, read at 42 hours.

Percentage Of Punctures Percentage Of Punctures With

With No Runners Runners Having Poor Intensity

In Veins Between Veins In Veins Between Veins
1.8 0.0 3.2 9.5

Percentage Of Total Possible
Lesions, For Runners With Poor
Intensity

In Vein Between Veins

100.0 73.9

thosporoside, (43), was formulated; this structure is presented in Fig-

ure 59. This structure will be used through out the remaining discus-

sions of chemical and instrumental data.

0
CH.OH
H o\\é)H o}
GH,OH 0 c B H
56 H O H H OH
H
e i OH
OH

Figure 59. Apreliminary proposed structure for helminthosporoside.
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A samp]e of the toxin, obtained from the Bio-gel P-2 co]pmn.'was
sent to MIT for. mass5spectra] ana1ysis H1gh reso]ut1on field desorp—
t1on spectra were obta1ned of the free and peracety]ated tox1n A
flow sheet showmng the fragments of the~peracety1ated tox1n»1s present—"
‘ ed 1n F1gure 60 and a draw1ng show1ng the maJor c1eavages is presented
in F]gure 61. From these data, it s c]ear that at least :two carbohy-
'drate residues are-present Also, anh aglycone 1s present'having the
formula, C]5H2202 No mo1ecu]ar 1on was observed in th1s spectrum but -
the [M + H] ions were sbserved. It is qu1te common in f1e1d desorpt1on
mass spectroscopy to find the [M] and/or [M + H] ions formed.45'

Interesting information concerning‘the carbohydrate 1inkages‘may“
be obtained from the mass spectrum;, It was shown by lehmann et a1.46
that field desorption mass spectrometry_can_be used to differentiate
:‘ae and g-stereoisomeric g]ycosides...There was a difference in the sigeh-
nal intensities fOr the carbohydrate moiety due to a cleavage between
- C-1 of the sugar and the g]ycos1d1c oxygen In one case, the a- anomer
| fragmentat1on was: enhanced by a factor of 2 or 3 compared to. the B~
anomer; In another‘case, the q—anomer'fragmentatmon-wasuenhanced by a
factor of 5 compared to the g-anomer. Since the intensities of the.
- two fragments at 331.and 619 m/e are s1m11ar, 1t seems reaconab1e that:
both residues have the same conf1gurat1on at_C-]. | -

A field desorption mass spectrom was also obtained of the free

toxin. The fragmentations are shown in Figure 62, and the major
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“m/e
854
853 MM

852

4

-(Cy5H1 001
233

-(CH

2

COH

M(not observed)
"(CH3)'J . .
A O
0 lg37
836

- (CH
42

CON

810

L794
793

619

Ciatyg

288

-(

oé} |

—(CHZCO){
427 g7
331 -

-(CHZCO}{_' L
427 logg

43

= Formula

C

CyaHa0

Coet350187C5Ma1 0-H

Ca6M35018-Cist 10

26

-Ci4Mg0

35718
C

Cogl350187CqaM70

248330777C1 5210

Co H 0

241330

177C14M7

CogH35017

H

Co4H33016

C14My9%

C12Mi7%

CH390

Figure 60. Fragmentations from. the peﬁacetylated toxin.
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H /o 0”20‘: o
CHo0Ac 0 \\
\\ ¢ 0 H >H
S O H H H . Ac
I Ac 4 331 H OAc
OAc 619

837

Figure 61. Major cleavages of the peracetylated toxin.

cleavages are represented in Figure 63. The molecular ion is not ob-
served in this spectrum, but signals at 584 and 585 are observed; these
may be due to impurities. Again the aglycone portion was observed,
with a total molecular formula of C,:H,,0 Comparison of the signal

15°2272°
intensities can not be used in this spectrum due to the cleavage

position.

m/e Formula
585 ?
584 ?
558 M(unobserved) C]2H2]011'C15H210
379 CSH]OOS-C.ISHZ]O

'(CGHl 0

05
o Cy5Hpq0-H

217 C] SHZ]O

Figure 62. Fragmentations from the free toxin.
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TR
CH20H 0 \C 5
H H H
0
lC H HoH H
H OH
QH 379

Figure 63. Major cleavages of the free toxin.

At this juncture, it is interesting to note that another fungus of
the same genus, Helminthosporium sativum, was shown to contain two sim-

47,48

ilar toxins. Figure 64 shows these toxins, prehelminthosporol,

(44a), C]5H2402, and 9-hydroxyprehelminthosporol, (44b), C]5H2403. The
aglycone of helminthosporoside must have at least 5 degrees of unsatur-
ation according to the molecular formula. If the toxin, (44a), had one

more degree of unsaturation it would fit the molecular formula.

HO H

44p

Figure 64. Prehelminthosporol, (44a), and 9-hydroxyprehelmin-

thosporol, (44b).
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A proton NMR spectrum of the Bio-gel P-2 purified toxin (Figure 65)
was obtained and closely resembles the ear]ier obtained'proton NMR
spectrum. Tab1e 11 Tists all the resonances and their intenstties.
The resolution of this NMR spectrum appears to be better than-the_ear-
1jer NMR spectrum, allowing one to 1nterpret the signals:at 0;829'and.,
0.764 ppm to be most Tikely signats from the toxin and~not due ‘to an

impurity, as earlier suggested.]1

The signal at 5.14 ppm was suggested:
eariier to be.due to the anomeric’proton; but upon inspection, there |
are actually six major signals in the reg10n down f1e1d from the DHO
peak, The signals appear too complex to result from on]y an anomeric -
proton. |

No signal in the.NMR spectrum can be assigned to a cyc]opropyl
' resique, which rules out the cyc]Opropy1 uroupibeing‘part of the mo]e—p
cule. On the whole, the proton NMR spectrum is far‘too-comp1ex tohbe "
the result of a nine carbon glycoside. A Figure in reference 47 depic--
ted the proton NMR spectrum of a derivativehof 44a. This NMR spectrum
with assignments,47 is shown in Eigure_66; By comparison of'the NMR
spectrum of heIminthosporoside (Figure 65), near]y all the signals of.-
the spectrum in F1gure 66 can be accounted for in the spectrum of
.he1m1nthosporos1de The doub]et at 4 537 ppm has a coup11ng constant
of 3 Hz and could be due to the proton H ; the s1gna1s at 3.573 and
3. 607 ppm could be a doublet due to the protons Hf, the. broad s1gna1'at

2.548 could be due to the proton Hg; depending on the der1vat1ve the
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Intensity

Figure 65. The proton NMR mnmnﬁwca.Oﬁ the Bio-gel

heTminthosporoside preparation.

ppm:
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Table 11. Signals'observed,in the:proton-NMR'speCtrum;

the reference is DSS substituted. -

PPM "~ Intensity -~ PPM (Corrected to 4.758
' o S ppm for DH )
453 183 5,405
.291 - 304 5.243
.188 SR : 1048 5.14
.090 - 377 5.042 ..
.027 - 150 4.979
.973 - 372 4.925 . -
914 164 4.866

.89 ' 185 4,842
.806 -+ 75994 (DHO) 4.758

.6 103 “4.552-
.57 . 9l5 4.522 -
.39 S Y 4.342 .
.287 147 4,239

012 - 967 4.072 -
.057 2445 4.009
.870 © 600 3.822
g2 - 1433 3.724
.694 - 1727 ' 3.646
655 728 3.607
621 549 3.573 .
.513 164 - 3.465
.488 144 . 344
.596 _ 175 2.548
.023 | 173 1.975
.004 178 ©1.956
.822 357 1,774
773 7330 1.725
.670 - 812 1.622
504 184 - 1.456
494 184 1.446
.401 .. 254 1,353
.298 ' 320 1.25

.195 161 1.147.
.122 257 ©1.074
877 686 -0.829
764 320 0

Y= PSR XY RF CFRRITRRNRFIORIPI IS G N S A S SRS §E

716
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signal for proton Hh c&n drastically move in the proton épectrum; the
1arg§ signal at 1.622 ppm may be due fo the protonstj;aﬁd the,large_
signal at 0.829 ppm may‘be due to the profons’Hi.' Since there is only
one major signal in the region for the,Hi_profons, it seems'possible

~ that the unsaturatioanay be between ng and C-10 or C-11.
. 29,6 . -

' PEAK POSITIONS

IN T UNH;
Hy _ 'Q‘
H,
o,
i A
Hu.b |' / .' ‘
A | | [
T T SRR
l‘{ ‘ir‘{i}‘ eadz\ Cow, . ‘ . . -
‘\' ;; {\ o
| : .
)l) :’I'MRA{ | }‘ : ' J M
AN P |
| WY
.'U}\ /ln I ,,/\A\ A
“W%“”””ﬂnnmijh”ﬂ“”v an’ ”AMMNWV WA VYR o \

Figure 66. Proton NMR and assignments, of a derivative of prehel-

' minthospor61, made by P. DéMayo ét'é1;27' Rebroduced_.
'Ey permission of the National Research.Counc51_of\f:,
'Canada from the Canadian Journa1'ofighemfstry, Vo]ume"
43, pp. 1357—1365, 1965.
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Since mass spectroscopy showed_the_pfeseﬁce of two carBohydrafe |

moieties, samples of the Bio-gel P-2 purified toxin wére éent‘fo.tw6 
different groups for methylation analysis. The only carbohydrate fouﬁd
was-ga1actose. Reiho1d49 conc]uded,_éffer methylation analysis, thafn
the toxin contained a terminal ga]actofurénosy] résiﬁue-ana sohé“2,3,6{, f'
and 2,3-ﬁethy1ated,ga1actose. He fé]t fhex253-methy1ated-galactbéeumayf:"'
arise from‘incomp1ete methylation. The ratio was épproximatejy 6hef |
terminal to one internal residue. The second grqupSO‘conplqded} after
methylation gna]ysié, that the'compouna coﬁtained.a terminal ga1§tt04 |
furanosyl residue and 2,3,6—methy]ated ga]actose; in a ratio of éitﬁer'
1:1 or 2:1. These two analyses agfeed with the result of a terminal |
ga1actofurahosy1 residue and a 2,3,6-methy1atedvga1act05é.' The‘ihtérnd.
* galactose could either be a 4-Tinked ga]actbpyranosyl or é 5-1inked
galactofuranosyl residue. | - o

A CMR spectrum was obtained on the samé sample, and is depicted in
Figure 67. Table 12 lists all the resonaﬁcesf(twénty-dne) and théjr
intensities. Thfs spectrum clearly shows thirteen more‘resonahces'than
were distinguished in the earlier spectrum. One resonance ‘(63.14 ppm) -
is either 'not present in this spectrum, or is too close to another
resonance to be resolved. Other than the one misﬁing resonance,=ﬁhé
othef eight are identically present, -Inciuding phe rétio.of'thefr fh-
tensfties.. When the earlier spéctrum was compéréq to this'spéctrum,.the'

thirteen signals not previously recognized cah be 1o;ated;'but-the ratio-

w




Figure 67.

ppm

L Intensit
13 Y

The " “C-NMR spectrum of the Bio-gel P-2 purified

helminthosporoside U1mvmxmﬁ¢o:w




| Tabfe 12. CMR resonances of the helminthosporoside prepara- -

149.117
144,
.56
78
.829
706
.006
107. 83¢
- 85.

123
121
116

109.

109

.83

77

65

212

838
184

.842
79.
78.
.127
73.
73.
.450
63.
44,
37.
24,
23.

054
703

507
099
815

022
95

636
004
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tion; :the reference is DSS substituted.

""Intensitz
4042
2830
2420
1686
2526
8480
4135
2272
9143
16166
11022
7910
2718
3105
9520
9292
8108
2595
4124
2950
4160

" ppm corrected to

external TMS.
o 147.185°
- 142.28
121.628
119.848 .
114.897
107.774
- 107.074 .
105.906 .
©.83.252
$81.91
- 77.122
76.771
75.127 .
71.575
71.167
63.518
61.883
42.09
36.018
. 22.706
21.072°
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of sigﬁa] to noise is such that the signals mfght be considered noise.
The jntensities of these sma1]er‘S1gha1s are diédussed {n'Section é.
_Sincé the 1ntensit1es~are'dependent on relaxation times; a direct com-
pariébn can not be made with the 1argér‘§igna1s of the carbohydrate -
moie£1es. - .‘. | o

The resonances at 119.8, 121.6, 142.3, and 147.2 ppn could be due
to double bonded carbons. The 1hten§1ty of these signals corrélate
wifh‘the other signals of the aglycone, giving more éubstance to the
.possibiTity that the aglycone hag.two doubTe bonds;

13c_NmR spectrum of the toxin (Section 3),

From analyses of the
it was observed that quactoSe was present in two forms, a terminal
B—D—ga]attofuranosyl residue, aﬁd internal 5-1inked B—D-gaﬂactofuranosﬁ
residue. | |

At this juncture a mo]eéu]ar formula may be written for the toxin,

C27H420]2, and the mo]ecu]ar'weight_wou]d theh'be 558362859. The‘fol-
.1ow1hg e]ementa]'re]ationship‘can~beer1ttenb
¢, 58.055 H, 7.585 0, 34.37.
A cérbon—hydrbgén analysis was‘obtaihéd_frdm GaTbraith‘Labofatories_on
the toxin, and gave the following e]emén£a1 fe1ationsh1p:‘
| | ‘C; 42.885 H, 6.97; N, ;0.5.
This result is indicative of a number of possibilities: The toxin may
not be the structure derived in this paper, or there may be Tmbﬁritiesi

in the toxin preparatidn, which would cause the values to be inconsis-
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tant, or both of the above. A problem also appeared in the pfOton NMR..
The integration of the NMR spectrum was nof consistant with the pkopos--
ed sthucture. There were too many protoﬁs_in thg_carbdhydrate.regibn:
(3.5-4.2 ppm) to faVOrany compare to the number of protth?fn‘the‘
a]iphatic region. Also, the total carbon éna1ysis of the Bio-gé].P-2 
‘co1dmn effluent appéared to reflect a constant bleed bff 6f~mateffa1.'.
It -is interesting to cémpare the molecular weight obtained on:the Bfo-
gel P-2 column to the moTch]ar‘weight of the postuléted structure.'
‘The Bio-gel P-2 column gave an e]ution'vo1ume cdrrespohding toj3.65
residues, which is equal to a molecular weight of 621. -For this;method;
the value is as close as can be expected." | |

Therefofe, the structure, (43), in Figure 59 is a preliminary
postu]atéd'working‘structure for he]mihthosporoside. "We submit, that
this structure is only a‘working structureg and does not necessarily

depict an exact structure of the toxin.




- SUMMARY

ATl cbmpounds that were made, with the aid of o}ganic synthesis,
having the originally postulated molecular formula of C9H]607; wéfe-ﬁof‘
.simijar t0‘hé1minthq§poroside,‘with respect to chrométographic mobility,
and toxicitj. One compound, ally1 d—D—ga]aCtopyranoside,'Qas toxic‘ 4
(at high levels) to sugarcane 1eave§ (clone 51NG97). Anbthé; compouna;“
propyl a-D-galactopyranoside appeared to héve some toXicTt&.

After using the three additionaf isolation steps, activéted ﬁhar-
coal, HPLC, and a Bio-gel P-2 (-400 mesh) column, the tdxin was obtain-
ed in a white powdery form. "The elemental ana]ysis‘of‘fhe"toxin did |
not correlate with the mass spectral data; this may be due to possib]e
impurities eluting from the Bio—ge]'co]umn.

From high resolution mass spéctfal data, which correlated with PMR
ahd CMR data, a molecular formula was suggested, 627H42012;- A tefmjngl
g-D-galactofuranosyl residue, and an internal S—]inked B;D-galactofura
anosyl residue were shown to be present. A §trong'cqrre1ation wgs'made
of the aglycone moiety to prehelminthosporol. A working structure for
the toxin was proposed, as seen in Figure 59. ‘It is felt thaf the na-
tive toxin may have a ﬁertiary_hydkoxy] at C-9 of the aglycone. If the -
hydroxyl were eliminated during isolation, the resQ]tantrproduct wdu]d
be identical to the proposed structure. At this jUncture, more;expeff

imental work ‘is required for the evq]uation,of the uncértain points
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théf remain in the working structure. There are at least two methods
that could be used to verify the anomeric configdrat{bn'of the Carbohy;"
draﬁés. ‘Chemica1 oxidation by Cr03 will preferentially oxidizevthe
a-ga}actofuran031de_compared to the B~ga1actofuran051dé.5] ‘An exd-B~
ga1aétofuranosidase has been isolated from Penic¢z;2um7charzegié.52‘
This enzyme will only hydrbTyze a B-ga1act¢furanoside."1£ will not
hydrolyze an alpha derivat{ve, and it Wil] not-hydro]yze an* a- oY‘Q? o

galactopyranoside.




EXPERIMENTAL

Throughout this'work, absorbances, for pheno]su1fur1c acid deter—
m1nat1ons, were obta1ned on a Bausch and Lomb spectronic’ 70, ultaviolet

spectra were obtained on a Beckman model 25 spectrophotometer, and coT—

- umn effiuents were mon1tored on a Gilson Ho]]ochrome var1ab1e wave]enth '

.monitor. High pressure 11qu1d chromatography was accomp]1shed on a
. MWaters Associates Tiquid chromatograph using a d1fferent1a] refracto—
meter, and equipped with a s1ng]e m1n1pump 0pt1ca1 rotat1ons were
obtained on a Carl Ziess C1rc1e Po]ar1meter 0.01°, using a sod1um 1amp
" Infrared spectra were obtained on both the Beckman-IR5A 1nfrared spec-

- trophotometer and Beckman—IRZO infrared spéctrophotometer. NMR were
~obtained on a Varian model T—§0 NMR spectrometer, uoingcarbon1£tracnlo-
- ride or deuterated’chIoroform for non-aqueous compounds:, and deuterium
oxide for aqueous compoundsl “An aaterisk (*) appéars_affer‘a11 CMR or
NMR obfained oy nge§°s. Frye at the CSUTRegiona1 NMR@énter, Department
of Chemistry, Co]oradolStafe University, Fort Co111ns, CQ: 80523. All
results obta{néd wére WTth respect‘to DSS, subsfitutéd;‘ Mass spectra]
ana1yse§ on samples of he1minthosporoside were'obtained‘from C. E. Cos-
te]]o Department of Chem1stry, MIT, Cambr1dge MA 92139 ~ ATl thin
1ayer p]ates were developed by spray1ng them. w1th a so]ut1on of ]% po-
tass;wnd1chromate‘(w/v)-1n 50% sulfuric acid (v/v), and subsequent]y

53

heating the plates at 100°C, for 5-10 minutes. A}];me]t]ng points
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andub6111ng<points are uncorrected; All.é]emental ana1yse§ wefé ob-
tainéd‘from Ga]braith‘LaboraforieS'Ihc., Knoxviiﬂe, ™ 37§éi. o

Tﬁroughout-this work, the following éb]vent'systéms were used'for
chromatographic purposes; a. (carbdn tetrachlofjde—méthanol, 9;15;
b. {carbon tetrachloride-ethyl acetate, 80;20); c. (cérbon tetrachlo-
ride-ethyl acétate, 80:]7);‘d; (carbon tetrachToride-ethy].acefate: 8df 5
15); e. ( 2-butanone-ethanol-water, 75:8:3); f. (ethyl acetate-light
petro]eum ethef 35-60°C, 3:2); g. (ethy] acetéte-Watef—methanol, 84&]85' 
28); h. (]—butaﬁo1—ethaho]-water—ammonium hydro*ide, 40:10:49:1); 1.
(carbon tetracthride-ethy]\acetate, 80:30), j. (lQbrdpano1—ammonium.
. hydroxide, 66:33); K. (carbon tetrach]oride-ethyl acetéte,‘SOrdd);
1. (diethy] ether-toluene, 2:1); m. (diethyl ether-petroleum ether 357 ‘ 
60°C, 22:3); n. (diethy] ether-petroleum ether.35-60°C, 22:6), o. (2--

butanone-ethanol-water, 75:12:6).

Preparation of diethyl dimethyl malonate 5

diethy] methy1.ma1onaté:

Ih a1l Titer, 3—neckéd flask, equipped with a reflux cOndéhser,
addition funnel, and placed over a Tlarge dish (for ice water) on:a mag-
" netic stirrer,'wés sTowly added diethyl malonate (73;3 g, 0.46 mof)-to_"
a cooled (20°C) solution of sodium ethoxjde'bkepafed from sodium (10 g,
0.44 mol) and dry ethanol (200 m1). To this reaction mixture ﬁéﬁhy].-

iodide (61.1 g, 0.43 mol) was gradually added. The resu]ting'whité sO-
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lution was coo]edfin an ice bath. After the reaction was uhder control,
it was refluxed for 2 hrs. Ethanol was then distilled from the yellow
so]@tion.. wéter'(160_mT) was‘added and the mixture was separated. The.
products were distilled to give a mixture 6f dfethy] ma]onéte and di-
ethyl methyl malonate (63.7 g, 85% yield). B
98.5-102°C Literature®® 201°C

bp, bP760

diethyl diméthy] maionéte:

'The proﬁuct obtained from-fhe previous;redction was addéd‘fdtg
coo]ed(20°C)sb1utﬁon of sodium (10.4 g,-0.45'ﬁo1) and dry ethanol (200
ml). Methyl 1od1de‘(63.8,g, 0.45 mol) was added to this solution. The
' abpanatué and work up are the same aS-fhe precediﬁg'réaétiohi:.THe Séblw .
akated materiai_wés'disti]1ed‘to gfve‘a c]éar‘]iquid (54l6 g,»66% yié]d.."'

0vera]1).

gor . | : 54 _qo
bp22 96-9°C - L1ter§ture . bp22 97-8°C
NMR— 1.25 (triplet, 6H), 1.37 (singlet, 6H), 4.11 (quartet, 4H) ppm.

Sodium-ammonia reduction of diethyl dimethyl malonate

The reaction was conducted in a 500 m1, 3-necked flask equipped,
with an addition funnel, reflux cpndenser'éonnectéd to a mercury'trap,

-and a rotating sample tube (used for introduction of ammonium chloride).
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Sodjum (0.92 g, 0.04 mol) was added'to'11quid ammonia (75 m1) and am-
'moniévépors were removed with alternate repeafed‘evacuatibns énd n%tfo-
gen'pressure. Over a period of 2 hrs, a so]dfion of diethy] dfméthyi :
| malonate (T 9 g, 0.011 mol) in anhydrous ethef (]00 m]) was added‘]8‘
At the d1sappearance of the blue co]or, the ammon1a was a]]owed'UJevap-
orate and the react1on vesse] was flushed w1th n1trogen Ammon1um
chloride (1.07 g, 0.02 mol) was added with the aid of .the rotating sémf”.
ple tube, the mixture was stirred for 0.5 hr.and filtered.. The soTUﬁQh
was analyzed by glc using a 10', SE;SO coTuﬁn at 120°C,lw1th,é f]owraté |

of 30 cc/hin.

L1th1um ammonia reduct1on of diethyl dimethyl malonate

L1th1um (1.388 g, 0.2 mol) was added to 11qu1d ammonia (300 ml) ‘as
described previqﬁs]y. Over a period of 2 hrs, a solution of djéthy]
dimethyl malonate (9.4 g, 0.05 mol) in anhydrous ether (100 ml)wésadd-
ed. After 2 hrs ammonium chloride (5.35 g, 0.1 mol) was added to quench
the reaction, and after stirring for 0.5 hr the'aﬁmOnia was allowed
to evaporate. ‘The last traces of ammonia were removéd by flushing with.
nitrogen, and the reaction mixture was filtered. The filtrate was ana-

lyzed on a 10*, SE-30 column at 120°C, with a flow rate of 30 cc/min.

V1sua11zat1on of the cyclopropane ring with antimony tr1ch]or1de ;;.

The compound was first spotted on filter paper or silica- p]ates
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A sojution of antimony trichloride in chloroform was then sprayed on
the compound. To facilitate a reaction, the paper or plates were-heat—

53

ed at 90°C for 3-4 min. Both a particular color, and fluoresence in

the U.V. may be distinguishing factors.

Preparation of methyl o- and‘B-D-galactopyranosides 7, §?O

Anhydrous D-galactose (250 g, 1.39 mol) wés refluxed in é'3-necked,__.
3 Titer %1ask;_fitted with a reflux condenser and mécﬁanica] stirrér,'
containing a solution of hydrogen chloride gas (40 g) in dry methano1“
(2% w/v,'ZOOO ml) until it disso]ved‘(20-30-m1n). This sqution was
refluxed for an additional 7 hrs and then.too1ed, After adding lead .
carbonate (200 g),.the solution was stirred for 3 hrs, at which time. it
waé neutral to moist litmus paper. The lead saltswere removgd with aid
of celite and washed with methanol (200 m1). Upon evaporatidn of the .
methanol, a yellow syruprremained; whibh crystallized upon addition df'
watef (80 m1). For recrystallization, the a-anomer was disso]ved'ﬁmboi]i"
1ng water (2 g/m1 HZO), and filtered. The soTutToh was allowed to cool
to 50°C and was seeded. The mixture was af]owed to sfahd for 1 day,ét
room‘temperature and 1 day at 5°C. The‘crysta1s we;e collected by suc- .
tion filtration, rinsed w1th 85% ethanol,. followed by absolute ethanb],

to give the a-anomer, (7), (84.4 g, 31% yield).

A ' ‘. , 20 . - ‘0'**
mp 97.5°C, : Literature mp 116-116.5°C




| | 100 | B
NMR— 3.5 (singlet, 3H), 3.774.1‘(enve10pe,:6H), 4.92 (dﬁub]et, TH) ppm.
CMRi-101.6964‘(C—1), 73.0873 (C-5), 71.8612 (C-3), 71.5693 (C-4), 70.5-

768 (C-2), 63.5705 (C-6), 57.4400 (methy1) ppm. R

ETemental Analysis— for C H. 0.-H,0

714762 A
Calculated: , C 39 62; H, 7. 6
Found: | €, 39.99; H, 7.72
Found: C, 40.16, H, 7.68

*k ' : S oo ‘
The articlezo reported 12 different melting points for this com-
pound, ranging from 75°C-116.5°C; "The final melting point; 116-116.5°C,
was‘obtained‘after dehydration; however,. after rehydration occurred,

the melting point was still 116-116.5°C.

g-anomer:

From above, after addition of water, the mother Tiquor and wash-
ings were dried using the rotary eVaporator with three‘addifions‘of‘dry '
ethanol (75 ml each). Crysta]s formed dur1ng the final drying. Fdr
recrystallization, the crude B anomer was d1sso1ved in bo111ng absolute
'ethano1 (30 ml/gm). The solution was-decolor1zed with Darco G—60.and
ff]tered. The-filtrate remained at room témperature for 12 hrs, and 1
day at 5°C. The cryéfa]s were co]]ected by suction fi]trdtion and rin-
sed with 95% ethanol (0°C), to giVe the g-anomer, (8), (36.5 g, 14%

yield).
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20 o 177-80°C

mp_]76f5—7.5°C .'d' Literature _

MR 3.3-4.2 (envelope, 6H), 3.67 (singlet, 3H), 4.42 (doublet, TH) ppm.

CHR™ 104.86 (C-1), 71.83 (C-2), 73.92 (C-3), 69.79 (C-4), 76.16 (c-5),
62.1 (C-6), 59.11 (methyl) ppm (tn_reference to external TMS).

Preparation of methyl 2,3,4,6-tetra—0-ben2y1ed—D-gaJactopyranoside:2?].L

Dry methyl a—D—galactopyranoside (20 g, 0.1 mo]) was,suépended in

dry dioxan (100 m1), in a 3-necked, 500 ml f]ask equ1pped with a ref]ux f.‘

~ condenser and mechan1ca1 st1rrer W1th continuous: st1rr1ng powdered

potassium hydroxide (100 g) was added While the’m1xture was refTuxed,
benzyl chloride (175 g, 1.38 mol) was added over av20 min period. The--:
reaction mixture was refluxed for ao &dditioha1‘0.5 Hr, after-which:-
time the-dioxén was removed by disti1]attonf Water Was added to dis-
solve the crystalline mass, and the so]ut1on was extracted with- d1ethy1
ether. The ether extract was washed w1th water and dried with anhydrous :
sodium sulfate. ‘The solution wasoconcentrated, by rotery evaporatton,
to a syrup. Impurities were d15td11ed‘from the.above eyrop‘at 0;5'torr“

and a pot temperature not greater toan‘200°C, to,oive the;oroductﬂas'eo

syrup..

Attempted pr;ggrat1on of 2 3 4,6- tetra 0- benzy] a-D-~ ga]actose 1021

The syrup obtained from the above benzy]at1on was d1sso]ved in hot

- glacial acetic acid (1.25 Titer). Bo111ng 2N su]fur1c acid (270 m]) )
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was added while the solution was-maihtained at 95°C. After a"twé hr . =

period, boiling 2N sulfuric acid (270 ml) was again added, and the so-

lution was maintained at 95°C for another 24 hrs. The solution was theﬁ'-

cOoTed and decanted into 10 Titers of distilled water f%om which- the
product oiled out. The 01l was eXtracted‘With~dich1ofomethane, and
thin-Tayer chromatography_on sj]iéaége1'in solvent systemt(a)'réveaTed__

\

extensive degradation.

Thin-layer chromatographic separation of the degradation products‘figf

ure 9

Thin-Tayer chromatoéraphy oﬁ éi]ica-ge], in solvent systém (a),
was accomplished on the products of a‘hydro1ysﬁ; reaction, aé.breQAOUS-
1y described. Their RF values with re§pect to assigned number of_benzyl
groqbs are the following: | ' |

R 1-R.

~Number of Benzyl Groups F F
0 | .11 0.89

1 0.2. 0.8

2 0.3 0.7

3" 0.39 0.61

4 0.47 7 0.53

Least Squares: 0.9993 correlation coefficient.

Hydrolysis study of methyl 2,3,4,6—tetra-0—benzy1-u—D-ga1act0pyrano§ide-‘ '

~In each of three reactions, methyl 2,3,4,6-tetra-0-benzyl-a-D-gal-
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actopyranoside (0.772 g, 0.0074 mol) was placed in a 2-necked, 50 m1
flask. Glacial acetic écid (13.5‘m1)'was added_and heated té the de-
sired temperature. Boi]fng 2N sulfuric acid (2.92 ﬁ]) was added, and
after 2 hrs another aliquot of boi1fng'2N su]fufjc acid (2;92 ml) was
éddeda Reactions were carried out at temperatures 6f'75; 80,‘and 85°C.
‘A]iquots were removed from the'reactidﬁ vessel at 30 min fntervals for
the react1ons at 75 and 80°C, and 15 m1n 1ntervals for the react1on at‘
85°C, Th1n 1ayer chromatography on, s111ca ge] in solvent system (b),
was used to eva]uate the extent of react1qn. V1sua11y, the intensities -
of the product'(RF = 0.15) énd reactantf(RF’= 0.376)‘spots were compar-
ed. 'Thé reaction at 75°C did not go to completion. The reaction at
80°C-abpeared to go to completion after 11 hrs. ‘The_reaCtion at 85°C
went to completion after 5 hrs.‘ Only one prodﬁct was obsekved in all
three réactions. When the reaction mixture was heated above 90°C, deg-

radation was observed.

Preparat1on of 2,3,4, 6 tetra 0- benzy1 -0-D- ga]actose 10

Methy] 2, 3 4,6- tetra 0-benzyl-a- D galactopyranoside (20 g, 0.036.
mol) was p]aced‘Tn a  3-necked, ] liter flask equ1pped‘w1th a ref]ux'
condenser and mechanical stirrer.. Glacfé]'acetic.acid (350 ml) wés
‘ added.and~the temperature was brought toﬂ85;C. Boi]ing 2N\su1fur1cl§cid
(75;5 ml) was added, and after 2 hrs another portjon (75.5 ml) Was.add—

ed. The reaction was allowed to stir for 3 hrs at_85°C‘(Note: 5 hrs
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should be allowed for more complete hydro]ys1s) Water (425 m1) was
added and the so]ut1on was extracted three t1mes with 150 ml port1ons
of djethy] ether. The ether was removed by rotary evapOration (temper- :
ature not greater than 40°C). Two equa] vo]umes of water were added
and the mixture was neutra11zed with sod1um b1carbonate extracted three
t1mes with dichloromethane and the organ1c layer was dried over anhy;;d
droussodidnlsu]fate. The dichToromethane was removed, yieiding_a syrup.‘
The syrup was p]aced‘dn a- low pressUre Tiquid chromatography system us--
ing silica-gel, and skoeht system (c).- The chromatography column was
100 x 2.5 cm, with a void volume of 325 ml. Three runs were required
to separate 511 the materia]i A 300 ml fraction was co]]ected at the
beginning of each run, then 19.8 ml fract1ons were collected. The pro-

duct was observed in fract1ons 27 85 (6.7 g, 34% y1e1d).

NMR— 3.33-5.03 (envelope, 15.6H), 5.13 (multiplet, 1H), 7.2 (md1t1p]et,_

20H) ppm.

Attempted preparation of vinyl 2,3,4,6—tetrae0—benzy1—a—D—ga]actggyran—
oside 12°° | | o
Mercuric acetate was recrystallized from 95% ethariol. Ethyl vin&]
ether was redistilled (bp;c, 36-37°C). To a 200 ml flask, 2,3,4,6-tet-
ra-0-benzyl-o-D-galactose (1.7 g, 0.003 mo]),rethyl-vinyt ether (50 ml),.

mercuric acetate (1 g, 0.0031 mol), and 4A molecular sieves (25 m1) o
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were added. The so1ﬁtion was stirred by a magnetic‘stirrer'for 12 hrs
at room tehperature. Thih—]ayef chrométography on sfiica;gel.in solvent - =
system (b), was used to monitor the reaction. A thacingjof the thin-

layer plate is shown in Figure 68.

— starting - '

material

Figure 68. A tracing of the thin-layer éhromatogrém'showing

reaction products of the transvinylation reaction.

Column chromatography with a 40 x 1.2 cm _column was successively

eluted with (EtOAc-CCT,, 1:20) 45 ml, (EtOAc<CCl,, 1:12) 90 ml, and -

4> _ 4

(Et0Ac-CC1 1;4)‘90 ml, and 3 ml samples were co]]écfed. By NMR,:sam—‘

42 . |
ple #1 (as'shown-on ‘the thin-Tlayer plate) contained no benzyl groups.

Sample #2, did not contain the_viny1'group, but they appeared“to.cOntmn_ |
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- the ethyl groups, in place of‘the'benzy1 groups.

Preparation of72,3,4;6—tetra—0—benzy1-D—ga]actOsyi chloride 2

. Thtony] ch]oride_was distilied before use, using glass or.tef1on
beads for boi]ing chips during reaction. The é,é,4,6-tetra~0—beﬂzy1-
j. a-D-galactose (6.5 g, 0.012 mo])-was_diséolued‘in thioﬁyd chioride,(2{1-
r_nl).22 This solution Was stirred for 2 hrs at room‘tehperature:and |
| then at reflux for 30 min. Thiony1 chioride was-removed'QYrotahyevapy
oration, with successive additions of totuene.(3ut1mes) to remove tra- R
ces of thionyl ch]oride.o The residua] yellow syrup.-was used direct]y-
in the coupling reactions. Figure 69 depicting'the thin—]ayer piate
tracing éoows_a comparison of the reaction.product.t0wmethy1 2,3,4,6-

tetra-O-benzyT-a—D—ga1actOpyranoside, and‘2,3,4,6-tetra50-benzy1¥a—D- '

-galactose, run on silica-gel 1n solvent system (b).

Preparation of allyl 2,3,4,6-tetra;0—benzy]—erjga]actopyranoside‘lg
In a 25 ml flask, 2,3,4;6-tetra—0—benzy15dFD—gaTactopyranosy1 ohlo-
ride (2.9 g, 5.23 mo1), potassium iodide (3.47 g, 20.9 mmol, 4 eq.),

~ 2,6-Tutidine (0.146 ml1), dry acetonitrile (2.9 m]), and a]]y] aTcohol

(0;61 g, 10.46 mmol, 2 eq.), were stirred at room temperature for 16
hrs ]2 The reaction mixture was poured into. water extracted with
carbon tetrach1or1de and the extracts were-dried over sod1um sulfate.

The m1xture was passed through a 4" silica- ge1 column, and the eluate
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a-C1 .

a-methy]l

a-OH

Figure 69. A thin51ajer chkoﬁatogram Eomparing a-methyl, and a- 
hydroxy],‘to‘2,334,6-tetra-0—benzy1-D-ga]actosy]

chloride.
was evaporated to .a syrup. The thin-]ayer chromatogram: tracing in FigJU

ure 70 shows the product in compérison with the methyl, ch]orb,'and-fhe

free hydroxyl form of'2,3,4,6-tetra-0-benzy1-a-D-ga1actopyranose;,in
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solvent system (b):

The product was the only material reacting with dilute potassium -
permanganate.

Y
(&
— =
(@] -
1 o]
B
joR

-0Me

2 Y N
v

Figure 70. A thin 1ayer_chromatogram of allyl 2,3,4,6—te£ra—0¢

beth]—aaD—gq1actopyranoéide.

Preparation of allyl a;D—gaTactopyrahbside gg?7

In a 500 mi, 2—necked‘f1ask, equipped with a méchanicé] sfirrer;
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hydrogen chioride (gas) (2 g, 0.055 mol) was bubbled into a]]y] alcoho]
(66.7 g, 1.15 mol). Dry D—ga]actose (33.3 g, 0.185 mo]) was stirred
into.the so1ut10n‘which.was then naintained‘at 70°¢ tor 5 5 hrs. ‘The .
temperature was then increased to 80 C with cont1nued stirring for 4 B
~additional hrs After heating, concentrated ammon1um hydroxide (7.67
ml) was added and the solution was:decolortzed‘w1th activated charcoal.
' Prodnct'gg_was observed by thina]ayer chromatograpny on si]tca-de] in
.solvent system (e), RF = 0.37. The so]ut1on was concentrated to a syrup .
by rotary evaporat1on, and extracted eight t1mes w1th 200 m1 portions |
of dry acetone. The concentrated acetone so]ut1on was~coo]ed at 5° Q,
and within 1.5 days, crystals formed. ,After.recrysta11iéation from‘hot'w'
ethanol, crystaTline gQ;was obtatned"(12'g,.30% yie}d). -
~mp 145.5-6c5°C , ’L1'terature.27 ‘mp 145- 6° C (cor)’
[d];6= +184.5° in water(c, 2. O) ‘ [a]D = +185 0° in water(c, 5 8)
Infrared (KBy d1sc) 3550, 3360 2950, 1462, 1360, 1145,‘1120 1070
| 1020, 920; 803 .cm™'. -

MR- 3.71-4.5 (multiplet, 8H), 5.1 (doublet, TH), 5.2-5.68 (multiplet,

2H), 5.74-6.64 (multiplet, TH) ppm. | o
" CMR™ 134.802 (C-3, doubTet), 119.432 (C-9, triplet), 98.761 (Q-],Tdonb— d“
1etL_72.252 (C-5, doublet), 70.793 (C- 3, doublet), 70 55 (C-4, '
doublet), 69.82 (C-7, tripiet);'69.529 (-2, -dolblet), 62.525. (C-6,

triplet), ppm.
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Elemental Analysis— for CoHy -0

9'16°6 o
Calculated: . C, 49.09; H, 7.32
Found: . . C, 49.14; H, 7.47

Préparation of a11y1-2 3 4 6-tetra40;acety1—a—D—ga1actopyrand§dde gl-

Acet1c anhydr1de was dr1ed over 4A molecular sieves. leridTne-was
dr1ed by d1st111at1on from bar1um ox1de, after ref]ux1ng for 4 hrs,
then‘stored_over Dr1en1te. _ | ‘n‘ | A :

A so]ution‘df.acetdc anhydrﬁde (1.4 m1) and pyr1d1ne (1 98 ml) was{‘
cooled to 0°C, and‘powdered dry a]]yﬁ.a—nga1actopyranos1de (0.32 g
1.45 mmol) was added to the stirned sd]ution.28 The suspension was
stirred at 0°C . until the galactoside dissdlvéd (1.5‘hn). JThé‘solutjpn‘_n '
\wasda110wed to stir‘at:noom tamperature‘for‘jgihks and fhen:podréd;intoﬁl
6.5‘nl‘of ice water. ‘Tne reaction may-ba]monifored by thin—Tayer‘éhno-_n
matograbhy on silica-gel, in solvent system (f), R = 0.5. Thé.m%ntdre‘”

. was aitracted with dich]dromethane, and thedéxtracfé were washed succes- .
sively with N hydroch]oric acid‘ saturated-sodium‘bicarbonate,'water, |
and dr1ed over anhydrous magnes ium su]fate Affer f11frat10n, the SO~
1ut1onwas concentrated by rotary evaporat1on and crystallized at 5 C |
(0.55 g, 97%). Recrysta1]1zat1on,can be,effected from 95% ethano].‘
(80% yield).

mp 82-3°C
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275 : ‘
Laly = +146.9° in CHC15(c, 4.7)

3 -
Infrared (KBr disc)— 2985, 2940, 1743, 1370, 1230, 1130, 1075, -1030,
. o 975, 930, 905, 835 cm™. o
NMR— 1.95-2.2 (multiple singlets, 12H), 3.8-4.4 (envelope, 5H), 4.75-
. 5.5‘(enve10pe, 6H), 5.6-6.23 (mu]tip1et, 1H) ppm.
Elemental Ana]ys1s for C]7H240]0 ‘

Calculated: C, 52.57; H, 6.23

' Found: B C, 52.35; H, 6.14

Preparation of (2,3-epoxypropene;1-0)‘2,3,4,6<tetraf0-acetzj—&—Degalae-'.

topyranos1de 22

At room temperature 21 (0.5 g, O. 00129vm01) was added to a solu— '
Tt1on of m-chloroperoxybenzoic acid (0. 783 g, 0. 00454 mo]) in ch]oroform

(]Orml) 29

Dur1ng 47 hrs, the reaction was 1nterm1ttent1y m0n1tored by'
thin-layer chromatography on silica-gel, in solvent system (f);'RF =
0.33. The reaction mixture was washed twice with 0.5M potassium bicar-

:bonate and dr1ed over anhydrous magnes1um sulfate. After cencentratioh;
the syrup. was p]aced on a 17 x 2. 3 cm, silica- ge] column, eluting w1th

_ var1at1ons of solvent system (f), (1:4, 100 m1); (2:3, 50 mi); (3:2,
200fm1). During concentration of the fractiohs'containing 22, the_pra-

duct crystallized (0.4 g, 77% yield). ‘The product, 22), may be -recrys-

tallized from abso]ute ethanol.
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mp 91.5-2.5°C

271
[w]y "= +126.5° in CHCI4(c, 1.8) |
Infrared (KBr disc)— 2980, 1760,‘]450, 1380, 1240, 1145, 1065, 963, |

o 913, 860 cm™ . o
NMR—.1.95-2.2 (multiple singlets, 12H), 2.5-4.5 (envelope, 8H), 5.0-5.6

(envelope, 4H) ppm. | ‘

Elemental Analysis— for C,-H,,0

17724911 -
Calculated: €, 50.50; H, 5.98
Found: ¢, 50.32; H, 5.77

Preparation of (2,3-epoxypropene—1-0) a-D-galactopyranoside 17

The tetra-acetate, (22), (127 mg, 0.314 mmol), was'suspended in

dry methanol (1.27 m1), to which 1.0M methanolic ‘sodium methoxide (0.08

ml) was added. The suspension was shaken until the solid disso]ved,and:":'.lga o

‘was left for another 15 min. Solid carbon‘dioxide‘was'added, and when .

the éo]ution reached room temperature, it was rotary evapowated to dry--

29b The reaction mixture was examined by thini]ayér chfomatography

" ness.
on silica-gel, in solvent system (g), RF = 0.46 6r in syStem'(e), RF = -
0.14 and on descending paper éhromatography with Whatman #1, iﬁ so]vént
system (h), RGa] = 1.88. The product was separated on a 17 x 2.3 cm,
silica-gel column, eluting with variationshin‘so]vent'system (e);i

(75:6:1, 100 m1); (75:8;3, ?OO ml); (75:12:6, 150 m1). After contéhtra—

ting the fractionscontaining the‘prOduct, a:syrup was obtained (58:mg,
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78% yie]d) Note: the NMR spectra obta1ned from th1s samp]eumre the ﬁ,fi'

same as that for compound 16, epox1de open1ng occured in the NMR tube‘.k‘ e

Preparation of (2,3-propanediol—1-0).a—D—ga]actopyranosﬁde(ieofioridoJ_i“jﬁ”"“' wed

side) 1 o . .
(2, 34epoxypropene—1-0) a-D-ga1actopyranoside (2 mg, 0 0085 mmo])
was d1sso]ved in water (1 m]), to which perch10r1c acid (1 drop) was Hf‘_ﬁ- '

added. 30

The so]ut1on rema1ned at room temperature overn1ght and was L
then passed through a small silica- ge] column.  The product was 1dent1— -.Edd
ca] to authentic 1sof10r1d051de when compared by thln 1ayer chromatog-
raphy on silica- ge] in so]vent system (g), R# 7,0'?5 The react1on"

produced on]y;a single product, and Went_to completion.

NMRZ 4.799, 4.78 (HDO), 4.337 (1735); 4.219 (9105), 3.361 (3579),
3.251 (4530), 3.153 (5083), 3.09 (3289) ppm.” = |
CMRZ 101.266 (3207), 73.493 (5823), 73.007 (3079), 71.791. (9657){2-3

carbons}, 70.964 (6342), 65.030 (3024), 63.766 (5668) ppm.

(20)

B1oassay of a]]y] a-D~ ga]actopyranos1de, — on sugarcane 1eaves

Standard solutions of allyl a-D- ga]actopyranos1de were prepared byf

a serijal d11ut1on._“
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DiTution o ug/ul - : cumol/ul
A : - 300.53 : - 1.36
I | | - 250.04 R T VI
C | . 200.03 S 0.91
D. 7 150.02 T 0.68
Two other standards were a]éo prepared: -
E 35.26 S 0.16

F C 705 o 0.03

Each of the following samples were administered t6 tw0~e§cised leaves

of sugarcane (clone 5ING97), by placing the sample on a need1e'puncture-

near the base of the Teaf. The leaves were kept in a moist chamber, at

room temperature. The lesions were measured after 36 hrs of incubaﬁidn.
The following shows the amounts of eéch'samp]e, that was adminis-

tered to needle punctures:

pm01

Sample Number . Standard ul ug
: 1 A 2 601.0 - 2.73
2 B 2 500.1 2.27
3 B -] 450.1 2.04
C 1 ‘
4 C 2 400.1 1.82
5 C ] 350.1 1.59

D 1

6 A 1 *300.5 1.36
7 B. 1 250.0 1.14
8 C 1 200.0 0.91
9 D 1 150.0 0.68
10 E 2 70.5 0.32
11 E 1 35.3 0.16
12 - F 1 7.1 0.03
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The following is a list of the results.obtained after 26 hours
incubation:

- Lesion length after

. Average Tesion length. .. corrected for water
Sample number at 36 hrs (cm) controls (cm) -

1 525 4.85
2 | a0 T g0
3 25 2.
4 _ 0.75 g 0.35
5 o 3.25 . 2.85
6 | 2.25 1.85
7 1.25 o . 0.85
8 - 2.25 _ 1.8
9 1.5 1.1

10 0.6 . 0.2

1 08 - 0.4

12 03 0.0

Four water controls were conducted in the same manner:

Lesion length at AVekage lesion length

Sample number 36 hrs (cm) - {cm)

1 0.3 0.4
2 0.4 |

3 0.4
4 0.5
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~ Sugarcane leaves (7209) resistant to‘he1m1nthsporoside were adminis-

tered various amounts of allyl a—D—galéctopyranoside, 176.3 ug, 352.6

ug, and 528.9 ug. The Teaves showed no runner formafion up fo.lTS‘hrs; CL

but had a‘slight yellowing (0.8 cm for 528.9 ﬁg) around the 1njéction

sight.

_ Sugarcane\]eaf protectfon from-the foxin b&:a11y1‘q—D—galdctobyranqsidé'
:Halves of tworsﬁgarcane 1eaveé‘(c10ne‘5TNG97)‘wére placéd, for. 5

. hrs, in a.so]Ution of allyl a—D—gaTacfopyF&ﬁoside:Cohtaining é].97mgﬁﬂl
‘The other half of each leaf was piacéd in water. The ]éaveé‘wére.not ‘
totally separatedlét the midrib, One micro-1iter of a thin solution
was p]aced on a needle puncture near the m1Hd1e‘of‘eachlleaf—half.
Runners formed on the control leaves (thbsé sdakiné in water), but no
ruhneré formed on the leaves soaking {n ally a-D-galactopyranoside. The
1éaves soaking in the ga]acfoside so]htidn appéared.ye11ow afﬁer two -
.days. |

'Preparation”of‘3—a11y10xyoxeﬁahe‘g§§2

‘Three simultaneous reactions were carried out.to prepare the inter ;_;,;,};wif

medjate. Batch 1: Chlorine gas (258.2 g,-3;64 mol) was 1ntfodu¢ed at  N
4 g/m%h into a]]yi atcohol (1.667 Kg,'24.5 mol). 'SatphIZ: Chlorine

gas'(259.1 g, 3.65 mol) was introduced at 4'g/min‘int0 allyl alcohol.
(1.667 Kg, 24.5 mol). Batch 3: ch1or1né,ga; (265.4 g, 3.74 mol) Wasv:; .
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introduced at 4 g/mih into allyl alcohol (1.667 Kg, 24.5 mol). These'.
three batches were added together and distilled to remove unreacfed
allyl alcohol. The weight of the crude product was 1637 g. Aqueous
sodium hydroxide (535 g in 957 ml watef) was slowly added to the crude
prodyct, ahd the température was maintained be]ow,30§C by an.ice-Qater
.batﬁ; The mixture'was stirred with a mechanical stjrrer and Heated'ﬁo_ _"
- 100°C for:TO.S hrs. :fﬁe proddﬁt, (25), was monitored on a'éO"X 1/4",

'30% SE-30 (on chromsorb G) column, at 85°C.._Suffiéieht watér_Was‘added‘ l“

to dissolve the salts, and the two layers were separated. The aqueous . = n o

layer wasreXtracted‘three tﬁmes with carbon tetraChIoridé; These ekfi
'tracfSMereadded to the original organic layer. This combined crude
preparation was distilled, and then re-distilled with an 8" cb]umn o

packed with glass helicies at an oil-bath temperature of 8779°C,-t6 :
32

obtéjn (101.1 g), 96% of the‘émount obtained by the reported method;

bp,y 64-6°C | Literature™  bp,s 64°C

Infrared- 1.633, 2.113, 6.07, 8.9,'Infrar¢d—-].633; 2.113, 6.07, 8.9,
10.2, 10.7 u. 10.2, 10.7 p.

CWMR- 3.9 (multiplet, 2H), 4.6 (mul< NMR— 3.9 (multiplet, 2H), 4.6 (mul-

tiplet, 5H), 5.2 (multiplet,  tiplet, 5H), 5.2 (multiplet,

2H), 5.9 (multiplet, 1H) ppm. 2H), 5.9 (multiplet, 1H) ppm.
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Preparation of 3—propenoxyoxetane g§33

To distilled dimethy]eu1fpxide (61.3 g) in a 200 ml, 2-necked flask
was added 3—a11yoxyoxetane (40 g, 0.35 mol). Potassium t—but0xide (4;47
g, 0 0398 mol) was added at an initial pot temperature of 18°C, and .
w1th1n th1rty minutes; the temperature rose to 36 C. ' The product mix-
rtyrewas mon1tored by gl¢ us1ng‘a 10" x. 1/4“ 157 carbpwax column; at
140°C The m1xture was. f11tered and d1st111ed hav1ng a_ conversion of t:

v96 4% by g1c (26 4 g, 647 y1e1d).

bp56'74-7°c o - LiteratUre33 ‘. bp50 73-7° C
Infrared— 3.41, 6.0, 7.26, 7.36, Infrared—-3 27, 5 97,.7.25, 7 35
 7.98, 8.45, 8.8, 9.76, 8.86, 10.23, 13.7 w.
10.27, 11.5, 13.8w. -
NMR—1.5-1.75 (multiplet, 3H), ~ NMR—1.62 (multiplet, 3H), 4.5 (mul-.

'4.25-4.9 (multiplet, 6H), 5.7- - tiplet, TH), 4.5-4.9 (multiplet,
5.95 (multiplet, TH) ppm. -~ 5H), 5.83 (multiplet, 1H) ppm.

'Preparat1on of 3 oxetano1 2733 _.: .

water (11.7 g), 3- propenoxyoxetane f(]é g; O.Ti’md]),‘methanOT.‘ _
(8;57 g), and'sulfuric acid (17.7 ul) were'miXed in a 100 ml'f1ask, at
room temperature The reaction mas stirred for 5.5 days, and was, then
neutra11zed with N sod1um hydrox1de The_products were-ana1yzeq by '

glc pn a 10" x 1/8”,_15%-carbowax.(on chromsorb G) column, at a'temper-.
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ature of ]70°C and f]ow rate of 28vcé/m1n. Thé-sO]Ution waSerahyevap%A
orated at a temperafure Tess than 50°C, ahd.diéfi1ied f5235 g, 69% ' :ilfl”
yield). T L

9
Infrared— 2.98, 3,41, 3.51, 7.0, Infrared— 2.94, 10.36 .

bpyy 84°C - Literature®  bpy 72-3°C
7.5, 8.85, 9.25, 10.4,
11.65 . '
*%k . .. - .
NMREE 4.03 (doublet, 1H), 4.4-5.1 NMR— 3.37 (doublet, 1H), 4.3-5.0
(multiplet, 5H) ppm. _ ' (multipiet;'SH) ppm. '

*% : ‘ . ‘ .
The positionof the hydroxyl proton doublet is concéntration dependent.

lTimed hydrb]ysjs of 3-propenoXyoxeténe ‘

-water (12.8 g), 3-propenoxyoxétane (13.13 g, 0.115 ho]), méthdnp]
(9.39 g), and concentrated sulfuric acid (19,4 u]); wére addéds-af-room
temperatu?é, to a 100 m1 flask. To observe the pfogreSs Qf the reactﬂod _
“glc én a 10" x 1/8", 15%‘éarbowa2 (on chromsorb G) chromatography column
was used at a temperature of:170°C and a flow rate of 28 cc/min. The -
' starting.material, (26), had a retention time of 4.67 min, énd'the prd—.
duct,‘(gz), had a reténtion time of 14.68 min. The proportions of 2_6_7,-.“E
and 27, were normalized to 100%. A minigfator was used td eva]uaté '
retention times and peak areas, the settihgs used wéfe the following:

PW = 12, SS =18, BL = 5, TP = 20
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The reaction‘waé monjtofed fOr‘]4Q Hrs,_qnd,the results are jisfed in
Appendix A. A gréph depictihg theSe.fésyits %s éhoWn 1n‘?1guré 26[ 
At five days, 90% of gg was convefted to-27. |

Attempted preparation of (3-oxetanyl) 2,3,4,6-tetra-0-benzyl-a-D-

ga]actopyran051de 28.

The 2,3,4,6- tetra 0- benzy] -D- ga]actopyranosyI chloride (6 7 g, '
0.012 motl), 3-oxetano]-(1.91 g, 0.026‘mo1); sodium jodide (6165 g,
0.0444 mol, 3.7 eq.),’%céton{trile.(67;2 ml), and é,6~1ut1d1ne-k1.29vg,
0.012 mol), were added, at room température, to a 200 ml f]aSk;Tzﬁ The
-reactfon was aTioWed to progress for-éo hrs While beiﬁb mbnitored by
thin;]ayer chromatography .on éi1ﬁ¢afge1,‘1n sp1vent'system (b): 28 has
an RF = 0.24, while 2,3,4,6j£etka40-benzy]—&—D—gajactopyranose has an
Re ='0.16. The reaction mixture was boured into water (500 ml), and
saturated sodium chloride (jOO‘mlj Waé added. This mixture was extraéé ‘
ted three fimes with.carbon tetraéhloride and”thé‘ofgdnic 1ayer‘wa§' |
dried with anhydrouskéodiuh‘sulfate. After f11trat1on carbon1ﬁtrach10-
ride was reméved’by rotary eVapOrat1on. The reaﬂtantsyrup was p]aced_.
over a 4 x 2.3 cm silica—gél co1umn; and eluted with ;olyent system (b)
(crude product— 8.4 g). The crude product (1 é) was éubjected to over-
n1ght hydrogeno]ys1s, by hydrogen at a pressure of 30 psi, and. ]O% Pd/C.
(91 mg) in ethanol (30 m1). No products were observed by th1n—1ayer "

chromatography.
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Infrared— 3300, 2950, 2875, 1450, 1340, 1208, 1090, 1050, 1025, 988,

920, 760, 702 cm . |
NMR- 3.1 (2H), 3.3-5.0 (envelope, 20H), 7.23 (singlet, 20H) ppm.

~The alpha-anomer was not present, since there was an absence of a signal

‘at 5.2 ppm.

Treat1ng the preparat1on of g§-‘co remove 2 6 1ut1d1ne

‘The syrup obtained from the preparat1on of 28 was d1sso]ved in
; carbon tetrachloride and tw1ce washed w1th 5% hydroch]or1c ac1d tw1ce h}i
washed wmth sodium b1carbonate, and with water. The resultant” organ1c

Tayer was dr1ed over anhydrous sodium sulfate. The voTume was reduced |
to minimum and was placed over a 4 x 2.3 cm s111ca -gel co]umn The -

| co]umn was e]uted with solvent system (1).'.After the so]vent was‘reen;
'moVed;thesyrup(1 g) was d1sso1ved in ethanol (30 ml), and was subjected
to 10% Pd/C (0.1 g) overn1ght at 45 ps1 of hydrogen No hydrogeno]ys1s

occured; as seen by thin—iayer chromatography.

Hydrogenolysis of g-Ei-for an_extended beriod, and with .addition Qf;"
acetic acid

To a sample of §§_(0;25 g) prepared as previously descrfbed,;Was=_
added palladium black (0. 1 g) in ethanol (30 m]) This .mixture was |
hydrogeno]yzed for three days at a hydrogen pressure of 60 ps1 The,"

hydnogenated sample was compared to the start1ng materlal, (g§),?by
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th1n -layer chromatography on s111ca ge], 1in so]vent system (i):, start;
<”1ng mater1a1 F = 0. 35; product RF 0.195. In this so]veht‘system;d-"h
a. comp]ete]y debenzy]ated g]ycos1de, i.e., a]]y] a-D- ga]actopyranos1de;.
.wou1d not move away from the origin..

_ A]]_of the prev1ous hydrogenated sample'from aboye was placed in
methanol (100 ml), with addition of acetic atfa’(3o‘u1). This solution
was.hydrogeno1yzed overnight with pa]tadium.b]ack.(O.T,Q) at a'hydrogeh
pressure of 60 psi. There was no»ehange in'the RF“of_the SaMple_Wheh

chromatographed in solvent system (1).

Preparat1on of benzy1cyc10hexy1ether 3256

E Sod1um hydride (12.0 g, 0.5 mo]) was added to a so]ut1on of cyc]o—
~hexanol (éO g,‘O 2 mo])hand‘dioxan (125 m]) in a 500 m] 3 necked f]askl
equ1pped with a reflux condenser, dropp1ng funne], and mechan1ca1 st1r—
rer. After the dropw1se addition of benzy]ch]or1de (50.6 9, 0 4 mo])
the m1xture was refluxed for 4 hrs 34 After coo]1ng, the mixture was
centr1fuged at 13 000 x g, and the supernatant was subsequent]y f1]tered-

| This so]ut1on was,concentrated and d1st1]1ed (26.6 g, 70% yield).

bpyy 141.5-6.5°C ~ - Literature®® by, 165.5-6.5°C

Infrared—-3050 2942, 2370 1505, 1459, 1370, 1100, ]033, 955, 738,
698 e, R

NMR— ]{05—2i] (enveiope, 10H), 3.24 (mu]tio]et; 1Hj,‘4.43 (singiet,'ZH),
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7.21 (singlet, 5H) ppm.. |

_Hydrogenolysis of benzycyclohexylether

. Benzylcyclohexylether (0.2'9) was d1sso1ved in ethano] (10 m1),
and 10% Pd/C (0.05 g) was added. After shaking for one hr at a hydro—“
gen pressure of 20 psi,'99;3%‘of the sample was converted to ‘toluene, '
by glc ana]ysis on a 10' x 1/4", 15% SE-30 (on chromsorb'B) co]unn,

with a temperature of 95°C unt11 cyc]ohexano] appears, then program at

159C/min to 200°C, at a f]ow rate of 50 cc/min.

Attempted hydrogeno1ysis.of benzy]cyé]ohekylether with the same catal-

yst that was used for 23

The same hydrogeno]ysis mixture in which acetic acid was added

was filtered, r1nsed with methanol, and the- cata]yst was. taken up to

100 ml with ethanol. Benzy]cyc]ohexy]ether was added to the so]ut1on;'-

and 1t was shaken for two. days at a hydrogen pressure of 60 psi. W1th
the glc procedure prev1ous]y descr1bed, no hydrogeno]ys1s was observed

| to have taken place.

Hydrogeno1ys1s of methg} 2,3, 4 6- tetra 0- benzy] -0 D ga1actopyranos1de

Methyl 2,3,4, _6-tetra-0- benzy] -a-D- galactopyranos1de (O.5_g) was
" added to ethanol (30 ml) and: pa]]adjum‘bTack (0.25 g). There was an .

original hydrogen pressure of 63.25 psi, but after 1 hr 6.75 psi'was
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used up, and the reaction cémbonents were.observed by thin-layer chro-
matographyonysi]ica-éé], in solvent system (1). Tﬁeré was no benzyl
derivative remaining in fhe reaction medium. On‘paper“chromatograpﬁy
in solvent system (j), the'product was 1dént1ca1-to.authent1c methyT

a-D-gatactopyranoside.

GC-minigrator studies of the hydrogenolysié of benzylcyclohexylether in

the presence of 3-oxetanol

A1l samples were‘injected into a 10" x 1/4”, 15% SE-30 (on chrom-
sorb B) column. At 1njectioh the column tempe?atdré'was 95°C and was
~ held at that temperature until cyc]phexano]'was aeteéted;_tHen the tem-
perature was progkémmed at 15°C/m1n-to 2005C; The'fibw rate was 50‘cc/
min. AT1 reactions were éénducfed in the fol]oWﬁﬁé.manher;,' |

Benzylcyclohexylether(0.2 g) was p]acedrin'ethano1(10 ml) and the
quantity of 3-oxétan01 was added. 10% Pd/C (0.05 é) was édded and the
mixture was shaken with an initial hydrogen bress@?e'of 20 psi. After
T hr, the hydrogeh wéé removed, the mixture was.fiitered; and glc anal-
ysis commenced. The resﬁ1ts are Tistéd in Appendix B, and Figure 31

presents the graphical interpretation.

Parr bomb hydrogenolysis of 29 -

fA Parr bomb Was‘ﬁsed to achieve a hydrogen pressure of 1000 psi.

Since the Parr bomb is 1érgé and'used.for hydkogenatihgfcrude samples,
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a sample via] and ho1der was needed.- tThe'Parr'bomb micro sample hon— j'
er" was constructed as shown in Sect1on 4. Into the samp]e v1a1 was ;'
p]aced 29 (125 6 mg)., ethano] (4 m]), and pa]]ad1um b]ack (125. 4 mg)
The samp]e was. hydrogeno]yzed for 2 hrs at a hydrogen pressure of 1000 :
psiﬂ A compar1son, by th1n 1ayer chromatography (s111ca-ge1 in solvent ,t
system (k)), of the product hav1ng RF - 0. 26 and starting material'With
RF = 0.52, demonstrated no exper1menta1 d1fference from the product

obtained at a hydrogen pressure of 60 ps1.

Attempted debenzy]ation mith‘assodiumfethanol reduction

To a 50 m] flask, ethanol.(ZO ml) and 29 (0.15 g) was added. -

Sodium was then dropped into the‘SO1ut10n,57 and because the.solution;
became so syrupy, onerrOp of Water‘was added. Thin—1ayer chromatogra-

- phy on silica-gel ‘n solvent system (b), revealed a minute.amount of'f-’

material near the Origtn,‘the starting-materiai,‘and a product migrat—“ B j.fﬂ

1ng in an exper1menta11y equ1va1ent manner to’ the product obta1ned by

\

hydrogeno]ys1s

Preparation of 2,3,4,6- tetra‘O acety1-a-D—ga1actosy1 bromide:§§§5

After cooling acet1c anhydr1de (200 ml) in an 1ce-water-bath, it
was 1ntroduced into a 500 ml, 3- necked f]ask equ1pped with a mechan1c-
‘al stirrer and a thermometer " Perchioric ac1d (1.2 m])-was added,drop—‘ .

wise, and the so]ut1on was brought to room temperature Anhydrous. .
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:D-ga1actosé (50 g) was added to the solution over a 0.5 hr period (the
reaction must be kept af a temperature between 30 and 40°C). Aftér ‘
cooJing the reaction mixture to 20°ﬁ, red phosphorus (15 g)_was added.
With the reaction temperature he]d‘below'éO°C,_brdm1he (90 Q) was added. -
Water (18 ml1) was then added dropwise to the qontﬁnﬁously stirred and
cbo]éd'(beiow éOQC) mixture ovef.a 0.5 Hr period. The mixtuke'wds then
stirred for é hrs at‘room temperature. Ch]orofofm'(TSO ml) was added
and the mixture was\fi]teked thru avbéd ofrg1ass‘wooI. ‘The filtrate

: was poured-into water (400 m])'near-b°C;- The mixture was separated and
the organic layer washed with water (TSO.ﬁl). The original aqﬁeous
mixture was extrqétedwith chloroform (50 m1). all chloroform extracfs'

-were combined, placed in a 1 liter beaker, and neutralized with sodium
bicarbonate. The mixture was separated and the'th]oroform.]ayer was.
dried over anyhdrous sodium sulfate. " The chToroform solutions were fil-
tered and concentrated to a syrup,‘whﬁch crysta1lized upon‘digéstion
with small amounts of (petroteum ether‘35—60°C—ethér, 1:1), to. give a .
crude prodﬁctﬂ(90:8 g, 80% yie]d),.me1ting’point 73-4°C. A Tot of . -

-material was Tost in attempts to obtain a clear cr&stai]iné'prodUCt:-

. The crude produét was heated with activated‘char¢oa1‘ih diisopropy!

ether, filtered, and recrystallized from diisopropyl ether..

mp 78-80.5°C _ “Literature35 mp 80-2°C _
Infréred—-3425, 2980, 1750, 1435, 1375, 1220, 1080, 952, 916, 605,




, : o C o
545 cn” . |
NMRE™1.93-2.17 (multiple sing]ets,‘lzﬂ), 3.75-5.5 (envelope, 6.17H),
6.67 (doublet, 0.83H) ppm. | |
**These values.could be rounded to 6H and 1H, But the:vé]ué;aé 6.67 pﬁm 
with J = 4z, might répreéent the percentage of a]pha;énomer,>é3%,
Note: This compound is very unstéb]e ana should be madé fmmEAfate1y

before use in further reactions.

Preparation of (3—§xétany1) 2,3?4,§-tetra40-acety1PB-D—ga1éqtopy?5n0-
- 3-oxetano]l (3;65 g, 0;0493‘m01)”was dr1ed‘by étirkiﬁgfih dry chlo- N
roform (25 ml) with‘3z molecular sieves (2 g) for 1 hr. Tﬁié'solutiﬁn
was filtered directly into a 250 ml reaction;fTask containing dry'cﬁ1p- 
roforin (50 m]), Drierite (40 g), 33 mOTeqdlar sieves (4 g), and-si1ver
carbonate (12 g,‘0.044‘m01). After one hr of‘stirring,,a‘so1uti6n.of .
33 (13.6 g, 0.033 mol) in dry chloroform (25 ml) containing Drierite
(5 g) was added. The‘réaction‘was stirred‘with a'mechaniéai stfrrer“
and kept from eXpOSUPe'tO light by covering with black paper:and‘a]u;l
minum foil. The reactionhcontinuéd for 21 hrs, at which time it Waé
neariy complete, by thih—layer chromatography on silica-gel, 1n_§oTVent‘
system (1){ Rp =.0'2' The‘m{xture was filtered with ¢e11te filter aid
and goncentr&ted by rotary evaporation to obtain a.frUdé product (14.5

g). Part of the:syrUp (1.32 g) was p1aced ona 17 x 213‘cm7511icaage]
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column, and eluted with solvent system (m) in 20 ml fractions. . Frac-

tions 4-8 were pooled and concentrated to a syrup (0.852 g, 70% yield).

NMR—-].93—2;23‘(muTtip1e singlets, .12H), 3.16 (multip]et;le), 3.46
(envelope, 1.7H), 3.8-4.8 ( envelope, 7H), 4.9-5.5 (envelope, 3H).

Glc study of _products from the preparat1on of — 34

The product mixture obtained for §§} before column separation, was
submitted to glc on a 10‘ X 1/4“ 26% SE-30 (oh anakrom) co1Umn The |
co]umn temperature was 220 C with a pressure of 30 psi of he11um “Two
peaks were collected, one w1th a retent1on time of 68.3 min (#J),randh
the other with a retention time of 86.7 min (#2). By‘observation #2
contained much more material than did #1. Thin- 1ayer chromatography on
silica- ge] in diethylether, revea]ed that both peak #1 and #2 had the
same RF (0.334) as did the main product of the react1on Th1s-couldvbe~

1nd1cat1ve of an a-, B~ m1xture where 8- would be #2, and o-, #1.

Deacetylation of 34 45 produce (3-oxetanyl) B—D-ga]actopyranOSide 30

Deacetylation was accomplished in a similar manner as used for 22

29b 36

in preparation of 17. The reaction mixture was separated by pa-:

per chromatography on prewashed Whatman #541 in solvent system (i),

R = 1.52.

Gal
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NMR— 2.7-3.1 (multiplet, 1H), 3.2-4.2 (enve1ope, 10H), 4.43 (doublet,
H). - |

Both the crude deacety]ated mixture and the paper chromatography 1so1a-" |

ted mater1a1 were b1oassayed on sugarcane Teaves (c]one 51NG97), no

activity was observed.

Attempted anomerization of §i1-by titanium tetrach]oride .

Freshly distilled titanium tetrachloride (0.4 g, 0.0021 mol) in.
dry chloroform (20 m1), was added to a solution of ( 3-oXetany]) 2,3,4;y
6;tetra—0~acety1—BeD;ga1actopyranoside'(0,852:g; 0.0021 motl) in dry
chloroform (40 ml). fhe solution appeared to be ]1ght'creamy yellow.'
This mixture was refluxed for 75 min, and pouredrintO'a‘separatory
funnel.contatning ice and water (250 m1).16c After'extraction, the -
chloroform 1ayer was washed with saturated sod1um b1carbonate (100 m])‘
and three t1mes w1th water (100 m1), dr1ed over anhydrous calcium sulf-
ate and sod1um su]fate The mixture was filtered and concentrated.

An NMR spectrum of this material revealed a doub]et at 6.37 ppm w1th
= 3-4Hz. This was cons1stent with an a- ha]ogenated acety]ated
glycoside. By thin-Tlayer chromatography on s111ca—ge1‘1n,solvent‘sys~

tem (n), R =0.57, With tetra—O-acetyT—u-nga1actosy]vﬁromideévRF'=

F
- 0.59, the‘produCt showed very similar chromatographic mobilities. In
the NMR spectrum, the acety] methyl protons have the same”reSOnance-

distribution as they do in the bromo compound.
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Attempted anomerization of §ﬂ-by boron trif1uoridE'etherate

The galactoside (0.43-g, 0.0011 mol), (34), was dried by stirring
overnight err 33 mo1ecu1ar sieves in dry ch]orofofm (2 m]). This
mixture was filtered into a 500 ml, 2-necked flask, tbntainiﬁg'dry |
chtorpform (4 m1). The flask was seaTed with a sékum.cap and'pUTged::  
with_nitrogen;.:Freshty‘disti]led‘bokoh ttifTuoridegetherate‘(O,tSG g;'.
0.0011 mol) was 1njécteq‘ahd the sé]ution Was stirréd tor 24;5 hts; at

16ab The reaction mix

which time the solution was a clear yellow cofor.
ture was washed twice with saturated‘SOdium bicarbonate (so]utioh turn-

ed clear), three times with water,. dried over anhydrous sodtum sulfate,
and concentrated. By thin;jayer.chromatography on silica-gel in dieth-
ylether, there afe 7~8nseparabje products,'which.span the entire thin-

layer pTéte7‘ The NMR spectrum of the syrup showé_signa1s_from‘0.9-1.5_

ppm.

Coupling reactions With phenyi 1—thié—ﬁ-D-ga]actopyranbside15

A11 reactions were carried out in small vials. A spatula tip-full
of phenyl 1-thio—B-D—gélactopyranoside was p]aced in the vial. An ex-
cess of mercuric acetate‘was added, and the alcohol to be cdup1ed'Was
- used as solvent. ,Tetrahyarofuran.was added'tn a vo]uﬁe'equal t6 1/3 of
the reaction mixture;‘ahd‘the final mixture was left bverhiéht at room
temperature. The proddcts7were'chromatographed by tﬁin;1ayerlon silica

gel, in solvent system (0). The following is a list of the alcohols:
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used: 1,3-propanediol, methanol, ethanol, 2—propan01, 1-propahb],»
allyl a]cohoT, 2-butanol, 1-butanol, and cyclohexanol. Their RF;and
RGa].va1ues are preéehted in Table 6.- By thin—]ayér chromatography, all
reactions went to completion giving one product, except the a11y1_a1co-,
hol reaction,'which gave'two products, one having.an.RF value equal‘to
that of ga]actose,'the other having an RF vaJue'identica1 to authentiq
~allyl a-D-galactopyranoside. The product of the methanol reactioﬁ was
compared to authentic methyl d—D—ga]aCtobyranoside, the authentic methyl -
deriVative was too concentrated to directly compafe, th the'frdﬁts.df |
the spofs were identical. Some of thé reactions were passed through -
small silica-gel CO1umﬁs and an NMR spectrum was obtained of fhe pro-
duct. For ethyl a-D-galactopyranoside, a trip]et'was obsérved at 1.3 .
ppm. For (1-pYopano]-3-0) a-D—ga1actopyranoside, a mq]tip]et was
observed at 1.95 ppm, and a signal at‘5,05 ppm for the anomeric ﬁroton.‘
For (1-propyi) a—D—§a1actopyranoside, an eﬁve]ope from 1.0-1.6‘ppm énd
a signal for the anomeric proton at 5.68 pbm; For (2-probj1) avD~g§1-‘

actopyranbside, an envelope was observed from 1.7-1.5 ppm.

Bioassay of the products from the reactidn with phenyl 1-thio-B¥D-

ga1a¢topyranoside

| Aliquots (1 and 2 ul1) of each reaction mixture was placed on needle
punctures near the base of excised sugarcane Teaves (clone 51NG97).

The leaves were kept in a moist chamber at room temperature, and the
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symptoms were recorded affer 3 déys; | BN
. Lesion Tengfh after

Compound 7 3 days, {mm)
methyl a-D-galactopyranoside . ' '  .None
ethyl " " L 5.0°
2-propyl " " " - f 7.0
1-propy]l wo " SL 2.5
allyl " " L | 140
2-butyl L .35
1-buty1 " " e © 2.5
cyclohexyl " " L - None
phenyl 1-thio-g-D-galactopyranoside ~ None

To obtain an accurate value of 1esfon length with a known amounf of
product, ethyl, T-propyl, 2—propy1,:and (3-propano1-1-0) a-D-galacto-
pyrénoside were chromatographéd on pre§washed thtman‘#541 paper; fn
f‘solvent system (j); Weights were determiﬁed on a Cahn'G}am Electrobal-
ance and solutions were made having concentrqtfons of 350‘ug/u1.‘ One -
and two microliters of each solution were placed on 2 or 3 needle punc-
tures near the base of excised sugarcane leaves (clone 5ING97). Thé
leaves were kept in a moist chamber at'réom temperature for three days.

The results are presented in Table 7.

Reaction of 3—oxetany] with pheny]_1—thio-B-D-ga1actopykanoSide

5 ﬁo]);

Phenyl 1-thio-g-D-galactopyranoside (0.004 g, 1.44 x 107
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mercuric acetate (0.0165 g, 5.19 x 107° mol), and 3-oxetanol (0.00185 g,
2.5 x 1070 mol) were placed in d small. vial. Tetrqhydfofurah (0;2 ml)
was added and the reaction mixture was shaken overnight at.robm'femper&=
ture.]5 Four products were obtained, by thin-layer chromafogréphy_on
silica-gel, in solvent system (o). After 3 .days most of fhe sfdrting
materia] had reacted. fhe reactjon mjxtUre was bioassayed befére and
“after a silica-gel.column, and np‘activity was observed. These‘éroj

ducts do not favorably compare, by thin-Tayer, with those obtained in

the preparation of 30.

Solvomercuration-demercuration of allyl a-D-galactopyranoside with mer-

curic acetate 41

‘A11y1 u—D-ga1actbpyranoside (0;4 g, 0.002 mot) was disSo]ved‘in a
solution of tetrahydrofuran (30 ml1) and water (1 ml). To this‘Eolution
was added mercuric acétate (0.6 g, 0:002 mol), and the solgtion turned
ye]]bw. After tWo‘hours, the solution had only a faint-ye1fow‘éo1br,
and the reaction was stopped by addition of a pbtassium‘hydroxide solu-
tion (25 ml, 3M) fd]lowed by addition of é sédium borohydride soTution

)'41

(0.036 g NaBH, in 25 m1 of 3M KOH _Tﬁe‘mercuky was allowed fo pre-

4
cipitate, and the solution was vacuum filtered through celite filter

aid, and concentrated by rotary evaporation. The reaction mixture was
observed by thin—Tayer chromatography on silica-gel, in solvent system

(0), allyl a-D-galactopyranoside Re =‘0.57, product RF'= 0.25. A com-
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peting reootjon‘with the internal so1vomercuration would be the Markov-
nikov hydroxylation of a11y1'a—D—galactopyranoside’ That product would.
be expected to migrate with similar mob111t1es as the product obta1ned
Compound 40 .would be expected to migrate as far or farther, than a11y1

u—D—ga]actopyranos1de.

So]vomercuratﬁon-demercuration of allyl d—D-gaTactopyranoside with’mer-

curic sulfate 40, 41

A11y1 o= D ga1actopyranos1de (0.1 g, O’OOOS moi) was added to a.
;m1xture of mercurlc sulfate (0.14 g, 0: 00047 motl) 1n aqueous tetrahydro
furan (80 ml; 70 m THF, 10 ml HZO) atrroom‘temperaturef The so1ut10n o
was yellow, and was stirred for 0.5 hr (one should stir the so1ut1on for
1.5-2 hrs),‘at which time the color was faint yellow. The reaction was
stopped by adding a potassium hydroxide so]ution-t65.m1, 3M), followed
. by avsodfum borohydride solution (0.61 g, NaBH4, 0.003 mol; tn 65 ml 3M.

KoH). !

The mercury was allowed to precipitate and the mikture was vac- -
uum f11teped thmough celite filter aid, and cohcentfated by rotapy eVdp-
oration. This material was passed thkough a DoweXlSOw-X8sco1umn‘(]Z‘x
2.3 cm) The reaction components Were sepérated'oh a 17 x 2§3dcm‘551n
| jca- ge1 co]umn, by using variations in solvent system (e), (75:6}];_j00‘
m1); (75:8:3, 75 m1); (75:12:6, 225 ml). Three components were observ-

ed: component #1 migrated faster than allyl a-D-galactopyranoside,

R

P 0.47. Component #2 was identical to allyl a-D-ge1actopyran-'
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oside, RF = (0.28.- Component #3 Was fdentica1 to the product obtained

from the mercuric acetate reaction, (41), RF = 0.11.

Component #1 40

The NMR of a m1xture of component #1 and #2, revea]ed a doublet at

1.18 ppm, indicative of 40.
CMRt 96.5488 (C—1) 75 6826 (C-2), .74.2234 .(C-5), 73. 9315 (C-3),
71.7428 (C-4), 66.3925 (C—7),‘65.9061 (C- 8) 63. 474] (b{6),_

'17.5587 (C-9) ppm.

Component'#3 41

[a]§68= +229.4 in water(c, 0.435)

NMR- 1.28 (doublet, 3H), 3.3-4.3 (envelope, 9H), 5.04 (doublét, TH) ppm.

CMRf5101.12 (6813, C-1), 100.59 (9091, C-1), 75.39 (7677, C-7), 74.90
(7503, C-7), 73.35 (12097, C-5), 71.94 (17034, c-3), 71i74;(14359,
C-4), 70.92 (12136, C-2), 69.02 (6823, C-8), 68.68 (9675, C-8),
63.67 (13021, C-6), 20. 62 (14302 €-9) ppm. . ‘_ -

Note: values for externa] TMS may be obta1ned by subtract1ng ] 37 ppm

from each resonance.
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Treatment of the'toxin with activated charcoal

A toxin preparation (4-5 mg), as obtained with the method-describ-
éd_by the f]ow sheet in Figure 45, was diluted with water (4 m1). Two
microliters of this solution caused 6bsefvab1e runner lesions on‘gugar{
céne leaves (q]one 51NG97) within 25 min. An a1iqﬁot (0.2 m1) of this-
solution was diTuted with 95% ethaho]vto 2 ml, a spatﬁ]a tip-full df
actiyated charcoal Qas added;:and the so]utibn was heated untii bubbles
formed. The mixture -was filtered thfoqgh.Whafman #ZNfﬁ1fef péper_and '.
taken to dryness at 4ﬁ°C by rotary evéporatfqn. Thé‘sampTe was faken' 
up to 0.2 ml with water and‘bioassayed. Raners were observed within
the same. time, and‘had.simi1ar runner intenSity.' Co]oréd‘matefial had

N been removed by this treatment.

High pressure 1iqﬁ1d chromatography (HPLC) of standards in various

proportions of acetonitrile-water Fiqure 47

‘The carbohydrates, depicted in Figuré‘46, glucose, methyl a-D4glu—
éopyranosfde, maltose, and ma1t6triosé;'Were used as standards. Solu-
tions of fhe-standard§‘(6-10 ug/u1) werezinjectédsin 20 u1 aliquots on
a u—Bondapaklcarbohydrate column (P/N‘§4038),”and waslmonitoréduby re-
fractive index. The'fidw rate was 0.86 cc/min, and the void vo]ume‘was
at 4.5 min. Three solvent systems were-ut11ized’¢onsist1ng of acetoni—._
fri]efwater, (70:30), (78:22), and (85&15)."Injection$ of 20 ul of.thé

previous charcoal treated toxin were also made with each solvent system.
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Fractions were collected at each half-minute, evaporated to dryness at
40°C, taken up with water (20 ul), and bioassayed on sugarcane leaves

(clone 5ING97). The results are observed in Figure 47.

Preparative high pressure liquid chromatography of the toxin mixture
Figure 48 . |

A concentrated toxin mixture (after charcoa].treatmeﬁt) wés inject-
ed'on a u-Bondapak carbohydrate ;o]umn (P/N 84038) in 20\?1 aliquots-
The solvent system used was (acetohitrf]e-water, 78:22), at a f]ow rate
of 0.87 cc/miﬁ, void volume was at 4.5 min. The entife'tb1umﬁ fuﬁ was
bioassayed (for at Teast 6 runs), and only one area of toxicity wés '
found, this toxic area coincided with the peak (by refractiye index) at
14-15 min. A typical curve for this separation is represented in

Figure 48.

41

Carbohydrate determination by phenoiésulfuric acid
The pheno]-suifuric acid‘ana]ysjé was conducted by‘placing an ali-

quot (140 u1), of a carbohydrate solution in the bottom of-a 20 ml test

tube. A 5% phenol-water solution (1 m1) was then added to the tube,

with subsequent addition of concentrated sulfuric acid (5 m]).4]

After
a ten minute cooiing period, the tube was placed in a spectrophotometer
to obtain its absorbance at 490 nm. A gTucose'standard~with‘auconcen;

tration of 135.7 ng/ml was used. A standard curve was generated,accor-
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ding to the following data:

Absorbance h
, (corrected to a Absorbance
ug glucose 140 1 addition) 18 ug glucose
' 9.499 ‘ 0.159 o 0.302
9.499 © 0.156 - 0.297
18.998 ' o 0.321 : 0.304
28.497 . .0.463 ” 0.293
37.996 0.629 ' 0.299
mean = 0.299 A/18 g Glc
S = 0.0043 ‘

The .standard curve for this glucose determination is presénted in

Figure 71, and has a correlation coefficient of 0.9997.

U.V. spectrum of the HPLC toxin pregaratﬁon Figure 49

‘The amount of toxin used in the determination was obtained from a
5-Titer fungal‘prepahation.’ This was treated withiactivated‘charcoa1,v
and sep&rated by HPLC. The resultant material was taken up in water
(1 ml) and scanned against a water blank. Chart rate = 1-in/min, and

span = 2 absorbance units. Wavelengths were scanned from 600 nm to

- 190 nm. The observed scan is presented in Figure 49.

Bio-gel P-2 (-400 mesh) column separation of the toxin prepakatidn‘

(after HPLC) Figure 50 | _
Toxin preparations obtained from HPLC (not greater than 1 mg) were
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40

L)
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ug Glucose

i _hu I L
3 3 a8 3
Absorbance at 490nm

Q5

T
©
o

Figure 71. Standard curve for the determination of glucose, by

phenol-sulfuric acid.
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'jajected as a 0.25 ml samp]eionto a Bio-gel P-2 (-400 mesh) column.
The flow rate was 1 drop/12 secs, collecting 13 drops or 0.56 ml per’
tube, The column was run at a temperature of 65°C (éee Section-4),‘and
the effluent was monitored at 192-196 nm in a 40 ul flow cell. A'grad-
._uated cylinder was used te cellect 36 ml prior to fractfon‘co11ection.
A carbon analysis was obtained (P. W. Jennings, Chemistry Department of
‘MSU) on a portien (0.3 m1) ffom each tube} and normalized for total
content. Each fraction was bioassayed on sugarcahe 1eaves (clone 51NG-
97), by placing equal quantities on a‘need1e puncture near the Baee ef
excised Teaves. THe 1eaves:were kept in a hoist chamber at reOm temp-

erature, and evaluated after three days.

Bio-gel P-2 (-400 mesh) column Separation after the‘previous.Bio—ge1

separation Figure 51

With conditions identical to the previous Biofge1 separation, 50ug
of toxin preparation was re-loaded onto the column. A graduated cy11ne
der was used to collect the first 41 ml of the run, then 0.56 ml frac-

tions were collected. The fesu]tant profile is seen in Figure 51.

Bio-gel P-2 (-400 mesh) column separation of allyl a-D-galactopyrano-

side Figure 55 _ -
Al11y1 a-D-galactopyranoside (50 ug) was injected (0.25 ml sample)

onto a 295.5 x 0.8 cm, Bio-gel P-2 (-400 mesh) column. The flow rate
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was 1 drop/12 secs, collecting 13 drops per tube or 0.56 m]/tUbé.  The. ' 
column was run at a témperature of 65°C and monitored at 196 nm in a. |
'_ 40 ul f]ow.ce]l. A gréduated cy]ihder was used to collect 35.4 ml ..
priﬁr to fraction collection. The‘peak a§ observed'Tn Figure,SS,Aréac—

ted with potassium permanganate.

Bioassay to determine the importance of puncture position on sugarcane ..

leaves Figure 58

Sugarcane Teaves were excised and placed in water. ‘Prioflto punc-
turing, 1 ul of a toxin solution was placed on the reverse side of the"
leaf at the prbposed puncturing site. 'The'puncturing foo] (shown in
Figure 57) waé used to make uniform puhctures; and the leaves weré.
placed inamoist chamber. The symptoms could be observed W1£hin 45 min,
and runner length determined after 2.5 hrsl' The results are presehfed o

in ‘Figure 58.

Bioassay eva]uatingllesion lengthﬁ and intensity of lesion, withrespect

to puncture‘postion

A11 punctures were freated as aescribed previously. . Sixty-three
punctures were made in sixteen excised leaves. Since most runnerS'eX—
tended the entire length of the.1eaves, the intensity of runners (visual
comparison), and the 1ength of runners having poor intensity, were eval-
uated. ATl symptomS‘Qere evaluated éfter‘42 hrs of 1ncubation inanmist:

chamber at room temperature. The results are tabulated in Table 10.




APPENDIX A

Tabulated Results for Figure 26, Percent Decrease

of 3-propeneoxyoxetane with Time.

Area of Area - % 3-pro-

-propene- of 3- peneoxy- %» 3-propene
Time (hr) oxyoxetane oxeﬁanol _oxetane : ~ oxyoxetane
05 514607 . 2887 99.44 1.003
1.75 65980 690 - 98.97 1.004
4.58 82110 3140 96.32 1.017
20.5  2a166 5400 8Ll ~1.086
26.78 23147 8103 ’, 8.0 1.130
© 46.08 13401 10244 56.68 1.246
{ 51.05 15894 15478 ~ 50.66 1.294
‘ 66.52 11424 18959 37.6 1.5
7163 . 977 20031 - 32.66  1.486
76.38 8030 19377 29.3 1.533
90.83 s "21219" 2189 . 1.66
95.88 . sgos . 23872 - 19.57 1,708
103.0 391 16795 15.97 1.797
116.5 - 2526 20848  10.8 1.967

140.08 737 11454 6.05 2.218




APPENDIX B
GC-Minigrator Studies of the Hydrogenolysis
of Benzchyclohexylether ‘

in the Presence of 3-oxetanol.

- GC: .The samples were injected onto a 10' x 1/4", 15% SE—éO (on
chromsorb B) column. At injection the column femperaturefwas'
- 95°C and was'held_at that temperature until cyclohexanol was.
detected, then the temperature was_pﬁogrammed at T5°C/minﬁto
200°C. The flow rate was 50 cc/mfn. : |

Minigrator: The fO]]owing‘are‘the'settings‘used during all

determinations:
PW = 12 , TP =20
$S = 18 T1 = 130
BL = 5 - T2 = 1130

The following symbols are used throughout this Appendix:

.
m = mean

= toluene ‘ 2 = benzylcyclohexylether
s = standard deviation

Determinatien of the detector response. Equiﬁo]ar quantities of
toluene and benzy]cyc]ohexylether were used to make the standard solu-

tion.
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_Area : : ‘

1 2 : (2/1) Ratio _Analysis
3691 10236 2.77 . ’ Com= 2.71
3967 10764 : 2.71 ' . s = 0.043
3650 - 9985. S 274 ' -

3893 10470 ' 2.69

3783 10070 2.66

Hydrogenolysis of Benzylcyclohexylether "

Hydrogenation conditions
0.2 g of (2)
10 ml ethanol (absolute)
0.05 g 10% Pd/C -
Time = 1 hr |

~ Pressure = 20 psi H,

_ Areas - : % Productioﬁ
1 2 , 1 xR . of (1) . Analysis
© 3423 61 er6 993  m=99.3
7786 123 . 21097 | 99.4 s =005
653 185 20740 99.3 | |
716 132 19406 99.3

7513 142 ' 20360 99.3
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Hydrogenojysis of Benzylcyclohexylether in the
Presence of 3-oxetanol #1

Hydrogenation conditions
0.2 g of (2)
0.1 g of 3-oxetanol =
10 m1 ethanol (absolute)
0.05 g 10% Pd/C
Time = 1 hr

Pressure = 20 ps1’H2

Areas , % Production ‘
1 2 1 xR of (1) Analysis
3717 2323 10073 | 81.3 m = 80.2
4209 2876 11406 79.9 s = 0.7
4061 2794 . 1005 - 79.8
4109 2863 11135 79.5

13994 2657 10824 80.3

Hydrogenolysis of Benzylcyclohexylether in the

Presence of 3-oxetanol #2

Hydrogenation conditions
0.2 g of (2)
0.2 g of 3-oxetanol
10 m1 ethanol (absolute)
0.05 g 10% Pd/C
Time = 1 hr

Préssure = 20 psi H2




Areas
1 2
3042 7098
2984 7076
3305 7728
3567 7925
3242 7795
3218 7905

.1 xR

8284
8087
8957
9667
8786
8721
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% Production -

of (1)

53.9
53,3
53.7
54,95
53.0
52.5

AnaTysié
‘m = 53.6

s =0.846
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- continuous cropping in no-till agriculture.

INTRODUCTION

Scald is-a d1sease of barley arnd many other grasses. It is feund
in the large bar]ey growing areas of the world. The 1nc1deece and eco-
“nom]cnmportance have been 1ncreas1ng, particularly under eondﬁtidns of

: ; ‘ : _

The affected areae of leaves initially appear grey, weter soaked
areas, 8-12 days after inocu]ation;2 These affected areas may become
dry but retain a grey—gfeen color. Also, these areas or lesions may
become straw-colored and surrounded by dafk—brbwn margihé._ Whenefhése
lesions become too numerous, phofosynthesis is reduced, resu]tfng in .
poor"yiﬁlds. _ _ |

Ayesu-0ffei and C]érez_in 1971 were the first to apply steri]e‘cu}
ture filtrates of R. secalis to cut stems of clipper barley'seed]ings-
end-cause symptems similar to those‘pfoduced on infected leaves. fThe
‘ cu]ture f11trates were prepared by straining the cultures through a
doub]e layer of muslin, centrifuging “the filtrate at 110,000 x g for]kw
at 1b‘C, and then sterilizing the supernatant by pass1ng.1t throqgh a
0.5 um millipore filter. The foT]owing observations were made subsequ-
ent to treatment With‘the sterile euTture_fi1trdtes. Nithie abouf T hr
of treafment, large, dry, grey-green areas.fdrmed towards the']eaf tips.
These'aveas retained their color after the ‘rest of the leaf had,dried :
and turned a straw color. The effectiveness ofsterife(m]tere=ﬁ1trates ‘
was not reduced by dialysis or‘autoclavﬁng.

The affected parts of the 1eeves treeted‘with‘culturevfi]trates
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were examined microscopically. The mesophyll and éhtic]ina] wal}s‘df. o
the epidermis had collapsed so that the 6uter and Tnner_peric]iﬁa] Qa]lé‘
. were in contact. This damage was similar to that observed-in infeéted -
1eavgs.3 |
Ayesu-0ffei and C]are2 coricluded that tokiélmetabo{ites of R; sec-
alis were reponsib]e for the diseasé symptoms in 1nfected_p1ant§;‘ They
sﬁggested.that the R. secalis toxins may be giyco-‘or:§o1ypeptides,‘
sincé the toxic effect was not removed by'dialysis of‘auﬁoc1aVing. |
In 1978 Auriol et al. isolated a metaboli te o‘f.}é. "'sec'azis with phy-
totoxic aétivity.‘ This<metabolite ;auséd §ymptdms in thé barley‘cu1t1—
- var var. Hannchen C;‘I. 531, similar to those observed upon infection. )
with‘R. secalis. Contrary to the postulate of Ayegu-Offei.and CTéke;2
‘that the toxins appeared to be g]ycb- or po1ypebt1des; it was found
that the isolated phytotoxic material was a simple carbohydfate. These
authors named the phytdtoxic material 'rhynchoéporo;idei. |
| A flow sheet summarizing the steps used in the isolation of rhynch- .-
osporoside 55 presented in Figdre 1. | |
After acid hydrolysis, rhynchosporosfde’was determined to contain
glucose by gas-liquid chromatography (glc), and thin-layer techhiqués.
It was also shown to contain the elements of 1;2-propahedio1 by paber
lchfomafography, thin-Tayer chromatography, glc and mass spectroscopy.
After treatment of rhynchospordside_by B—g1ucosjdase, the.primary B

products were glucose and a compound‘fhat had an Rp (in one solvent
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1 liter culture of R. secaZis'
' )
f11ter through cheesecloth and m1111pore filter pad
Ap252512450

concentrate at 50°C, 50 ml

3 volumes of acetone, centrifuge f?r 10 min at 20 000 g
: , Discard ppt

‘“cohcentrate, 50 ml

extract 3—times with ecua] vo]umes of . ch1oroform o
: ‘ L-Discard ch]oroform fraction

- concentrate dryness

extract 3= t1mes with 15 ml of water- sat. n=butanol
D1scard debris

conCentrate by air stream, dryhess

. add 2 m] of water and apply to a Bio- -gel P=- 2 co]umn
1.5 x 50 cm, 2 ml fractions

“thin 1ayer of fractions (30 32) in so]vent system
' ' 1= butano] acet1c acid= water 4: 1 1

elute band at R = 0.18 with H,0.

Fl 2
paper chromatography on Whatman #541 1-butanol-acetic acid-water,
Rz = 0.25 | 4:1:5

Dowex 50wW-X8, H" column, 1.5 x 0.5 cm
evaporate¢ dryness

paper chromatography on Whatman #541 1= butano] pyr1d1ne water,

Rg =0.09 - H Y

rhynchosporoside

Figure 1. Flow sheet summarizing the isolation procedure.
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system) identical to (1-propanol-2-0) a-D-glucopyranoside. After mild

acid hydrolysis the reaction mixture contained cellobiose, glucose, 1,2-
propanediol and a glucoside. However, upon treatment of the toxin with
a-glucosidase, no new products were observed.

With the added information obtained from the NMR spectrum of rhyn-
chosporoside (Table 1) a structure was proposed, (1-propanol-2-0) a«-D-

cellobioside, (1), as shown in Figure 2.

Figure 2. Proposed structure for rhynchosporoside.

The work to be described, concerning the synthesis of rhynchospor-
oside, and later the isolation of phytotoxic metabolites of R. secalis,
was initiated. The following questions were the intent of this study:

1. Can (1-propanol-2-0) «-D-glucopyranoside be synthesized, and

in a quantity suitable for use in subsequent enzymatic reac-

tions?
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Table 1. Assignmenfs of signals in the NMR spectrum of

* rhynchosporoside.
Shift’ ppm_ - , | : J, Hz ' :Assignments-

1.28 | | 7.3 . :CHé'from Ag]ycohe"
3.4—4.08 o - [ sugar protons and protons'
- o o on the aglycone carbons

beqrr1ng oxygens
4.68 7.0 ~ anomeric proton, g-glyco- -
: sidic bond
5.37 2.5 anomeric proton, o- g]yco—
B ' s1d1c bond
2. What is the nature of the a- 11nkage from ce11ob1ose to 1 2—

propaned1o17

. Can a compound having the proposed structure, (1-propanol-2-0)

- a-D-cellobioside, (1), be synthesized?

. By looking ét-other‘phytotoxic.metabo11tes of R. secalis, is-

it possible to understand any relationships between metabolites

and their role in the disease?




;RESULTS.ANﬁ DISCUSSION
The‘origins of‘oor fhvoivement With‘the rhynchosporoside'project- 3

can be traced to our 1nterest in synthes1z1ng the proposed ce110b1os1de,t=
(1) This is not a tr1v1a] problem since th1s ce110b1os1de has an a]pha'
11nkage The only reported method for synthes1z1ng a= ce]]ob1os1des
ut111zed t1tan1um tetrach]or1de in an. anomer1zat1on react1on on a.per- ;
acetylated-g- ce110b1os1de 4 However, the y1e1ds‘were very poor, owing
to the suscept1b111ty_of both'11nkages to anomerization. Maximom‘yields
eou1d‘not be eXpected to'be‘greater theh 50%, ahd were usually not great- -
er than 10—30%

| S1nce a primary reason for obta1n1ng a synthet1c product 1nc1uded

the 1ncorporat1on‘of 4

C radio- carbon 1abe1, it was considered advanta-‘
geous to have a better method. |

Pio Bé]tran,la]ready working on the rhynohosporoside project, en-
deavored to synthesize radio—tabe]ed toxin. His method utilized an

enzyme, B—glucosidase;'to facilitate a g-glucosy linkage with an appro-

priate a—g1ucopyranoside.5 Our efforts then focused upoh_éyhthesizihg'."f

the appropr1ate a-glucopyranoside. .

The me thods for produc1ng a]pha anomers were descr1bed in Sect1on
1, reference 12-17. The method of cho1ce was that of Kronzer and Schuf
erch.6 The important oojnt concerning thﬁs synthesis was to utilize ah
appropriately protected alcohol, whtoh would guarantee only one‘ag]ycoh- '

ic isomer. Figure 3 shows the alcohol of choice, 1—0—ben;y1-2-propano1,:
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H
I

OH
2

Figure 3. The 1-0-benzyl isomer of propanediol.

A two step synthesis was required to obtain 2. Allyl alcohol, (3),
was reacted with benzyl choloride, (4), in the presence of sodium hydri

de, producing allyl benzyl ether, (5), as shown in Figure 4.7

NaH
CHZ=CH—CHs—OH + —— CH;=CH—CHy

3 2
2 CH,CI CHa
4

Figure 4. Benzylation of allyl alcohol.

An exceptionally good method for obtaining the required functionality
at C-2 and a proton at C-3 in one step, utilized an oxymercurationyreac-
tion, in which the mercuric-ion attacked, very specifically, the lesser
substituted double bonded carbon. Figure 5 depicts the oxymercuration

of 5 producing 1-benzyloxy-2-propanol, (g_).8
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. Hg(OAc)2
HZO/THF
2 : Hz—O\ 2. KOH e R i
- 3. NaBH, H 2

Ha H

Figure 5. Oxymercuration of allyl benzyl ether.

A very interesting observation was made while doing oxymercuration
reactions. By accident, dioxan was used instead of THF. Abrilliant
yellow color developed when mercuric acetate was added, unlike the Tight
yellow color observed when THF-water was the solvent. It was found that
upon acidification the yellow color disappeared, and reappeared upon
making the solution basic. Also, if the solution was acidified before
addition of mercuric acetate, the solution remained clear. The reaction
mechanism requires that acetic acid be generated during the course of
reaction, which may be responsible for the loss of the yellow color.
Brown and Geoghegan9 have used the disappearance of yellow color tosig-
nal the end of reaction, as well as a quantitative measure of reaction
rate. However, they did not establish the cause of the color nor the
reasons for its disappearance as the reaction progressed. At this
juncture, it is suggested that further work be pursued to analyze these

causes, and to examine solvent and pH effects on both reaction rates

and product distribution.

The next three synthetic steps were used to prepare the carbohy-
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drate derivative required for the coupling reaction. The hydroxyl groups
on methyl «-D-glucopyranoside, (6), were totally protected by reaction
with benzyl chloride, (4), producing methyl 2,3,4,6-tetra-0-benzyl-a-D-

glucopyranoside, (7), as shown in Figure 6.]O The benzyl derivative,

CH.CI
@Zszo

dioxan, KOH

oo OCHgz

Figure 6. Benzylation of methyl a-D-glucopyranoside.

(7), was hydrolyzed with acetic and sulfuric acid (Figure 7), producing

2,3,4,6-tetra-0-benzyl-a-D-glucopyranoside, (§).]0

HOAC/H,50, BzO

&, 2% hrs

Figure 7. Hydrolysis of the anomeric linkage.

The derivative required for coupling was made by treating 8 with thionyl

chloride, producing 2,3,4,6-tetra-0-benzy1-D-glucosyl chloride, (9), as
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delineated in Figure 8.1

S0C1 2

Figure 8. Reaction of thionyl chloride on perbenzylated glucose.

The iodide ion displaces the chloride of 9, which is itself subseg-
uently displaced by the alcohol of 2, generating (1-benzyloxypropanol-
2-0) 2,3,4,6-tetra-0-benzyl-a-D-glucopyranoside, (10), as shown in Fig-

ure 9.6 The proportion of alpha-anomer in the sample purified by silica

gel chromatography, was determined by proton NMR to be 75%.

1. Nal 820 H
i ?Zicet(])ni;zj]e /CH;',
2,6-lutidine ! 10 O\CH
éHQOBz

Figure 9. Coupling reaction forming the 2-0 linkage.

Benzyl group protection was removed from 10 by a hydrogenolysis
reaction using 10% Pd/C in ethanol, producing (1-propanol-2-0) a-D-glu-

copyranoside, (11), as depicted in Figure 10.]2 This derivative was



171
bioassayed on barley leaves (cultivar var. Hannchen C. I. 531) and ac-

tivity was observed at approximately 400 ug/ml.

Hy, 10%Pd/C HO

ethanol

Figure 10. Benzyl protection removed by hydrogenolysis.

After using paper chromatography to separate the a- and g-anomers, the
product was ready for the enzymatic reaction.5

Since we now had this glucoside, it was of interest to compare it
to the carbohydrates isolated from R. secalis. Previously, Beltran had
prepared ]4C—]abe1ed carbohydrates from R. secalis by incubating the

fungal mycelium with L

C-glucose. With this radio-labeled mixture at
hand, comparison of the synthetic glucoside would be straight-forward.
To increase the proportion of radio-label in the compounds chromatogra-
phing in the region of the synthetic glucoside, the labeled carbohydrate
mixture was submitted to preparative paper chromatography. Most of the
glucose and slower moving compounds were removed, and the region of
interest was concentrated. Figure 11 shows the radioactive profile of

the concentrated mixture, with comparison to glucose and the synthetic

(1-propano1-2-0) a-D-glucopyranoside, on paper chromatography in solvent
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system (1—phopano1—ammonium hydroxide, 66:33). It is obvious that a
14C—conta1ning-m01ecule‘chromatograohs yery close to the synthetic g]u;
coside, but is not identical. The rad1oact1ve component has a greater

‘mob1]1ty in th1s solvent system than does the synthet1c glucoside. - In‘

" the so]vent system (1- butano] pyr1d1ne water 9 5:4), the separat1on

s not as obvious," but the radioactive component does m1grate a 11tt1e o

faster than the synthet1c g]ucos1de

Since radioactive material 1s.found'in the'fungal eXtraots of R.
secalis with chromatographic mob111ty nearly identical to the synthetic
glucoside, and since ]4C—glucose was used as the 1abe]ed substnate, it
seemed possible that the fungus produced a g]ucoside HoWeyer nith |
s11ght1y different mob111t1es, it is necessary to conc]ude that the
compounds are not identical. The 1so]ated g]ucos1de region possessed
phytotoxic activity on barley leaves (persona] communicattonlwith Pio
Beltran). | ‘ |
The question that arises at thts Juncture s whether the Tinkage to
1, 2 -propanediol might actua]]y be thru C-1 1nstead of c-2, as ear11en :
postu]ated ! The only data, which cou]d lead one to conclude the C 2
11nkage was comparison of the synthet1c glucoside to the non rad1oact—=
ive carbohydrate mixture in solvent system (1—butano]—pyr1d1ne—water,
9:5:4). This procedure would certéin]y be mis]eadtng, since"theso1vent
system does not separate.the synthetic glucoside from the radioaotive

glucoside. Therefore, it was necessary to determine the‘exaot;1inkage '
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to 1,2-propanediol. The proposed h]an_for determining the 1inkage in-

volved preparing thé‘benzy1 derivative7-of the toxin and then‘hydko1yz—

‘ﬁng‘the anomeric Tinkages (Figure 12),]O'producing‘behzyToxy_pr6§ého1.
‘The isomer obtained WOqu_be indicative 6f the origiha] Tinkage;fiFor.'

this comparison, compound 2 and 1ts"1$omer,72—benzy1OXye1—propah01,(lg),

(Figure 13), would be required.

1. NaH
2. BzC1, (4)
carbohydrate — perbenzylated carbohydrate
dioxan : ' ‘
HOAC/HZSO4 fragmentations o
perbenzylated carbohydrate — ~r + :
: . ‘ A, 24 hrs benzyloxypropanol

Figure 12. Reaction scheme for obtaining the benzylated aglycone."

Ho-cHZ—cle—-o
» -CHgy \ '
13- CH,

&

Figure T3. 2-benzyloxy-1-propanol.

A series of four reactions were required to prepare the other iso-

mer, (12). Allyl alcohol, (3), Was reacted with dihydropyran, (13), in

the presence of a catalytic amount of HC1 producing 2-(allyloxy) tetra- .
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hydropyran, (14), as shown in Figure 14.]3

@'f‘“o‘c”z*c“:c“z . 0\ _CHy—CH=CH,
0 3 e
13

14

Figure 14. Hydroxyl protection of allyl alcohol by dihydropyran.

An oxymercuration reaction on 15}8 produced 1-[(tetrahydropyran-2-y1)

oxy]-2-propanol, (15), as shown in Figure 15.

1. Hg(0Ac),
_—-——’
CHy—CH=CH» . CHy—CH—CH
L 2 2. KOH 2
i 3. NaBH -« Rl + I 5
14 4 15 OH

Figure 15. Oxymercuration of 2-(allyloxy)tetrahydropyran.
With benzylation of l§)7 the C-2 hydroxyl group was protected,resulting
in the doublely-protected product, 1-[(tetrahydropyran-2-y1)oxy]-2-ben-

zyloxypropane, (16), as delineated in Figure 16.

[j”\:L\ 1. NaH
ﬁ
5 O/CHZ—CI:H—CHS 2. Bzg] O/CHZ—TH—CH;S

15 OH 16
>~

Figure 16. Benzylation, producing a double protected 1,2-propane-
diol.
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The last step, was removal of the tetrahydropyranyl moiety from 16
by acid hydro]ysis,]4 producing 2-benzyloxy-1-propanol, (12), the re-

quired isomer (Figure 17).

O\ Dowex 50W-X8 i &k
—_—’ i === —
o O/CHT‘TH‘“CHIS MaOH "2 »

16 12 0
o0 ~O

Figure 17. Removal of the tetrahydropyranyl moiety by acid hydro-

lysis.

Mass spectra were obtained on the two isomers, (2) and (12), as
listed in Table 2. This was done to confirm that 2 was a secondary
alcohol, and that 12 was a primary alcohol.

By glic analysis, both isomers separated on a carbowax column as
well as on a SE-30 column. The toxin, obtained from G. Strobel, after
benzylation and hydrolysis, contained material that had a retention time
on both the carbowax and SE-30 columns, equal to 2-benzyloxy-1-propanol.
With this result, the linkage was determined to be thru C-1 of 1,2-pro-
panediol. With the understanding about the nature of the carbohydrate
attachment to 1,2-propanediol, it was now of interest to attempt synthe-
sis of the a-cellobioside. Cellobiose was previously suggested as the

carbohydrate moiety of the toxin.]
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Table 2. Mass spectral data for the two isomers of benzyloxypro-

panol. f
H
HO CHZ‘CBSQ3
_m/e . o - . Intensity
166 Molecular jon - =~ . 0.4
148 | - | . 0.35
135 . . 2.15
107 = ' | - 1.41
92 '_ _ 4.8 °
91 Base peak (tropylium ion) . 28.8
65 | 2.6
39 | ) T2
31 Primary alcohol 1.4
28 | ' - 1.8
. .
BZO_CHZ-OQCH3
m/e ' o : Intensity
166 Moiecu]ar ion ' ' 0.4
107 S ‘. 0.7
92 - | . 2.1
91 ‘Base peak (tropylium ion) 4.15
65 | a 0.85
45 Secondary alcohol , 2.55

28 - S 1.95
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The only known method for obtaining a-cellobiosides was by an ano-
merization reaction on the g-cellobioside by titanium tetrach]oride,4
as already mentioned. Since the yields can be very small and unpredict-
able, an alternate method was sought. Theonly reasonable approach that
could be found required a reaction sequence that terminated in an at-
tempted coupling of phenyl perbenzylated-1-thio-g-cellobioside with the
alcohol, (12). This would be similar to the method reported by Ferrier
et a].]5 for phenyl 2,3,4,6-tetra-0-benzyl-1-thio-g-D-glucopyranoside.

There were five intermediate steps to obtain the phenyl 1-thio-cel-

lobioside required for coupling. Octa-acetyl-cellobiose, (18), was ob-

tained by reaction of acetic anhydride and perchloric acid on cellobiose
16

(17), as shown in Figure 18.

HCLO,

acetic anhydride

Figure 18. Acetylation of cellobiose.

The acetyl derivative, (18), was brominated by reaction with red-phosph-

orus, bromine, and water (Figure 19), producing 2,3,6,2',3',4',6'-hepta-
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16

0-acetyl-cellobiosyl bromide, (19). Phenyl 2,3,6,2',3',4',6"'-hepta-

0-acetyl-1-thio-g-cellobioside, (20), was obtained by reacting thiophen-
ol with sodium hydride, and then displacing the bromide of 19, with the
thio]ate,]7 as seen in Figure 20. A1l acetyl protecting groups were
removed from 20 by liquid ammonia in mefhanoh]7 producing phenyl 1-

thio-g-cellobioside, (21), as depicted in Figure 21.

H 1: Pi
CHp0A 2. Br,
-0, . Hz(v
H CHC1
| o :
H
H OAc

Figure 19. Bromination of octa-acetyl cellobiose.

1. NaH
2. thiophenol

THF/CHC1 3

Figure 20. Bromide displacement by thiophenol.
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Figure 21. Deacetylation by ammonia in methanol.

Benzylation of 21 by addition of sodium hydride and benzyl chlor-

ide, (4), in dioxan, produced phenyl 2,3,6,2',3',4',6'-hepta-0-benzyl-

1-thio-g-cellobioside, (22),'°

(Figure 22).

Figure 22. Benzylation of phenyl 1-thio-g-cellobioside.

Having the requisite derivative of cellobiose, the proposed struc-

ture of the toxin could be obtained by a two step reaction sequence.
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The thio-acetal, (22), was converted to (2-benzyloxypropane-1-0) 2,3,6,

2',3',4"',6"'-hepta-0-benzyl-cellobioside, (23), by addition of 2-benzyl-

oxy-1-propanol, (12), in the presence of mercuric sulfate (Figure 23).

HgSO,
THF, A

Figure 23. Mercuric sulfate facilitated coupling of 2-benzyloxy-
1-propanol to phenyl 2,3,6,2',3',4',6'-hepta-0-benzyl-

1-thio-B-cellobioside.

Mercuric sulfate has been shown to be the mercury (II) salt of
choice for doing displacements on phenyl 2,3,4,6-tetra-0-benzyl-1-thio-
is-D-g1ucopyr‘anoside.]5 These workers did not use mercuric acetate;

because, "the acetate appeared to give the glycosyl acetate."]5

Debenzy 1
ation of 23 was accomplished by a hydrogenolysis reaction using hydro-

gen and 10% Pd/C in ethano],]2 producing (2-propanol-1-0) a-cellobio-
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side, (24), as shown in Figure 24.

H, H
10% Pd/C -0

ethanol H

Figure 24. Hydrogenolysis of (2-benzyloxypropane-1-0) 2,3,6,2',

3',4',6"'-hepta-0-benzyl-cellobioside.

It was of interest, for two reasons, to attempt coupling 1-benzyl-
oxy-2-propanol, (2), with 22 using mercuric acetate. First of all, to
obtain the other linkage with 1,2-propanediol, and secondly, to see if
mercuric acetate would work with phenyl perbenzylated-1-thio-cellobio-
side. The reaction, as seen in Figure 25, did not couple the alcohol

to give the desired product, (25), but did form the acetates, (26), in

a quantitative yield. This corraborates for the cellobiose derivatives,

the observation that was made with the glucose derivatives, that mer-

curic acetate appeared to give the glycosyl acetates.]s
Reactions seem to proceed quite slowly with mercuric sulfate, pos-

sibly because it is not very soluble in the reaction media. It was

thought that phenyl mercuric acetate might be a good reagent if it did
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not cause formation of the acetate. This mercury compound should have
good solubility in the solvents used during synthesis. A reaction was
attempted utilizing 22 and 2 with phenyl mercuric acetate in THF. After
refluxing the reaction mixture for two weeks, only a minute amount of

product was observed.

Hg (OAC)

Figure 25. Mercuric acetate facilitated coupling of 1-benzyloxy-
2-propanol to phenyl 2,3,6,2',3',4',6'-hepta-0-benzyl-
1-thio-g-cellobioside. The acetate, (26), could be
hydrogenated to give 1-0-acetyl cellobioside.
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Since the reaction in Figure 25 did not produce the appropriate
product, and phenyl mercuric acetate did not react, a third reaction
was attempted using mercuric sulfate. A reaction of 2 with 22, facili-
tated by mercuric sulfate, produced (1-benzyloxypropane-2-0) 2,3,6,2"',

3',4',6'-hepta-0-benzyl-u-cellobioside, (25), as shown in Figure 26.

HgSO,

H
o BAOCH,—C —Ch

& 2 OH

Figure 26. Mercuric sulfate facilitated coupling of 1-benzyloxy-
2-propanol to phenyl 2,3,6,2',3',4',6"'-hepta-0-benzyl-

1-thio-g-cellobioside.

Debenzylation of 25 was accomplished by a hydrogenolysis reaction using

12

hydrogen and 10% Pd/C in ethanol, © producing (1-propanol-2-0) a-cello-

bioside, (1), as shown in Figure 27.



185

Hy
10% Pd/C

ethanol

Figure 27. Hydrogenolysis of (1-benzyloxypropane-2-0) 2,3,6,2"',

3',4',6"'-hepta-0-benzyl-cellobioside.

Concentrated solutions of 1 and 24 were bioassayed on cuttings of
barley (cultivar var. Hannchen C. I. 531) resulting in only slight phy-
totoxicity. This result was a striking setback. To be certain that
the synthetic toxin migrated in chromatography systems similar to the
native toxin, the silica-gel plate, represented in Figure 28, was run
in solvent system, (ethyl acetate-water-methanol, 84:18:35). To our
surprise, the RF's of the (1-0), and (2-0) a-cellobiosides were experi-
mentally equivalent to that of glucose (results were the same on paper
chromatography). However, the toxin is known to migrate only a little
faster than cellobiose, and not within the area of the glucose spot.
With these observations one is naturally led to the conclusion that
2

the toxin is not a cellobioside, as previously postulated.

At this juncture it was of interest to see if the toxin correspon-
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Front

glucose.
(1—prqpaqo1-2-0)a-ce110b105ide‘
(2—propano1-1;O)a;ée1Jobioside

cellobiose .

.

s
S

'

Figure 28. Thin-layer chromatography .of the (1-C) and (2-0) a-

cellobiosides of propanedio]#

ded to a trisaccharide. The (2-pfopano1-1-0) a—ce]iobfoside was sﬁbmit—‘A
ted to mild acid hydrolysis, using 2.1N TFA at 80°C'for.],5 hrs. The
fesg]tanf.product mixture was comparatively chromatograpﬁed-againSt‘an
isoTafedﬂtdxin fraction (6bt§inéd“from StrobéT);'és séehéin'FngFguZQ;,

The:thﬁn—1ayer'p1ate shows‘that'teTlobiose was a‘probable‘méjor;contamh
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: 1nate in the preparat1on, and only one other spot was observed The

~other spot m1grated a 11tt1e further than ce110b1ose but d1d not move"“”

into the glucose spot. This result conf1rmed the earlier 1dea that the“

Ce1lqbiosides_cah‘not‘be structurally identical to the toxin.

Front
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‘ Figure-29. 'Thin-layer chrométography of thew(z-propanoT-l-O) -
| | ,ce110b1os1de hydro]ysate and natura] toxin on s111ca—

gel .in solvent system (ethy1 acetate water- methano]

84:18:35).
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Thfs qﬂrdmatography was repéated-tﬁree times'énd'R# values were
obtained .of the glucoside, cellobioside and toxin-(Tab]e'B). For grépﬁ-
iéaj purposes, the huﬁber of résidues assigned to eéch-COmponenf were
the fo]]owiﬁg:” glucoside = 1, cellobioside = 2, and to*in‘= 3 residues.
Tab]e_3f Rp vajues of‘bqth (2-prbpano]-1-0) a-D-glucopyranoside
-and.&—ce]]obioside, and the.hative toxin in the solvent

systém, (ethyl acetate-water-methanol . 84:18:35).

Number of Residues | _Rc_Values - o -1og(R§/1-RFl
' T 0.466 | 0.059
| 0.466 , | 0.059
0.488 - _ o 0.0209
2 : 0.328 0.312
| | 0.332 0.304
0.332 0.304
3 .. 0.209 0.578
©0.205 0.588
0.202 0.597

Least squares treatment of these‘daté gave a strafght line (Figure 30),
having a correlatibn coefficient of 0.998. This‘gfaphicaT.treatment,lg.
'with its Tinear fesu]t'is indicative of a'serﬁes of o]igqsaccharides, .
" a-glucoside, a-cellobioside and a-cellotrioside.

“For a.cbmparison.énalysiélof fhe graphical method, with a differ-

ent set of o]igomérs, Bio-ge] P-2 iso1ated'ofigomers_of a cellulose
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Figure 30. Plot of subunits vs. -1og(RF/]—RF) for (2-propanol-1-0)

a-glucoside, a-cellobioside, and the natural toxin.
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hydro1y§ate were obtained. These o]igomeré were'chromatOQraphed onlthin
-layer plates‘in the SO]vent system; (ethyl acetate-water-methahoT;:84:
18:35), and their RF's with data reductioh are found inaAopehdir A. The .
least squares treatment of the data gave a straight 1ine_(Fioore 3]), |
'w1th a -correlation coeff1c1ent of 0. 9988 Therefore, the %nteroretatioh
of this type of p]ot is cons1stent for compar1ng the number of res1dues
in oligomeric species. | |
| -w1th these empirica1'resu1ts, suggesting that the toxin may be,a
trtsacoharide; other data were required. A high]y'purifted (by'papert_'
chromatography-Strooe1).toxin preparation was sent for methylation anal-.

.y51S,]9'and the results are presehted‘tn Table 4. Upon, ahalysié of the
data, ce]]otr1ose cou]d very poss1b1y be in the mixture, but wou]d on]y
be 15%. of the tota] w1th at 1east f1ve other carbohydrates be1ng pres-
ent. For ce]]otr1ose to be present w1th these other carbohydrates, and.
at this’ R (on paper or thin-layer chromatography), it must have an
aglycone. To»be_cons1stent with.the ‘residue data in Figure 30, and the
"glc data (éhoWing_the preoenoe of (1-0) Tinked T,Z—propahedio]),:its,
poésib]e thaththe.trjsaocharide mighticontain the (1-0) 11hhed'],2-
propanedio]t | | ‘_ -
The (2-propanol-1-0) a-cellobioside hydro]ysate'was.a1so Compara-r
tive]y chromatographed on thin-Tayer with synthetio (1—propano1-é-05
- D- g]ucopyranos1de (Figure 32). The. (140) a- D g]ucopyranos1de in this

and other chromatograms trave]s a ]1tt1e faster than (2-0)_u D- g1ucopy-
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1.8
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-Tog(Rc/1-Rc)
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Figure 31. Plot of subunits vs. -gomhxm\_-wmv for hydrolysis

products of cellulose.
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Tab]e.4. Methylation analysis-of the toxin fraction.

95% of total carbohydrate was glucose
5% was Xy1osé (4-Tinked)
41% of total glucose was terminal

27%  4-Tinked
- \5% - 6-Tinked

42% {10% 2 or 3 linked, mostly 3-Tinked

Ahalyéis of the ap0ve‘data - ‘ | © Mole %qu total
5% 5% |
gluc (1+4) Xylose 5% terminal 12.2

: 5% Xylose
10% 10%

gluc (1-2) gluc .+ 109 terminal - - 24.4

(1-3) 10% (12), (1+3)
5 . 5% o | | .
gluc (1+65 §1uc ' 59 terminal l | T 2.2
o 5% (1+6) - L 3
5% - 5% |
.gluc (1+4) giUC‘ . 15% terminal - ©36.6

15% (1+4)
(known cellobiose contamination)
6% " 6% 6%

gluc (1+4) gluc (1+4) gluc - 6% terminal _ 14.6. .
: o 129 (1~4) : . o
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~ranoside. These chromatograms ]ooked very Simf]ar to fhe oneszobtained
by comparison of the (2-0) q—DAg1dCopyranoside and the radio-labeled

 fungal carbohydrates (Figure 11).

-~
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Figure 32. Comparitively chromatographed (1-propanol-2-0) a-D-glu-
copyranoside -and the (ZFpropano1-1—O) u—ce110biosidé .
hydrolysate on silica-gel, in solvent system (ethy1

acetate-water—mefhanol,'84:18:35).
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It now Tooks very probable_that a series of carbohydrates (toxins) ,':
': are present:instead of a single toxic tomponent The (2-propano1;]-0)

'ta D- g]ucopyran051de appears to be present the 1so1ated'fract1on(mnta1n—.t
ing 1t, is phytotox1c to bare]y Teaves (var Hannchen C I. 531). The‘ .
synthet1c (1 propano] -2- 0) a-D- g]ucopyranos1de 1s a]so tox1c The syns
thetic a- ce11ob1os1des are tox1c, and the . m1xture which appears to con-
tain the triSaccharide, is phytotbxic. In order to firm up the above
. data,‘the (1-0) Tinked. aglycone shod]d'be present in all fractions‘cer—
responding to the compounds in question. _Also, the presence'of'the
ce]]obtoside in R. secaZié extracts mnst be sUbstantiated The -question
also arises, are there d1sacchar1des hav1ng Tinkages other than (1+4)
present in the extracts, that conta1n this ag]ycone? ‘To obtain these
kinds of data required us to test the hypothes1s of a series of tox1ns,
and to answer the quest1on concern1ng the ex1stance of other carbohy-
drateswithﬂ1the series, 1s01ation‘procedures‘must be pursued.

Before pursuing the isolation of carbohydrates from 5. secalis ex-

tracts, changes were made 1n_the-1splation prdcedure (presented in th:" o

ure 1).‘ The.proeedUre used is summarized in the flow sheet presentedh
in Figure 33." The procedure used for the bioaSsayg'was the same.asthat.
usedvby Auriol et a1,1. To faci]itate bieassaytng samples on a smaller
scale, miniature conical tubes were 'used, enabling volumes as small as’
0.2 ml to be assayed. »

‘In an attempt to_eVa]uate the possiblity of having a number of
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two 1 Titer cultures of R. secalis

f11tered through cheesec]d%h and millipore filter pad .
_ AP252512450

combtned, and concentrated at 50°C, 50 ml

add 3 volumes of acetone, at -15° Ck centrifuge for 10 min at 20,000 g
- . : , - L Discard ppt.

concentrate, 50 ml ' |
Dowex 50W~x8, (f+), 17 x 2. 3 cm n,
Dowex 1-x8, (OH'), 17 x 2.3 cm |
concentrate, 2 ml (crystal ciear eluate)

app1y to a Bio-gel P-2 (200~4OO mesh) column, 50.% 1.5 cm
_ . collect.20-40 2 m1 fractions

concentrate, 2 mi

_paper chromatography on Whatman #1 in so1Vent system (1 butano] pyr1d— ‘
. _ 1ne~water 9 5:4) :

e1ute and decolorize with activated charcoa1 1n ethano] (70%)

: ‘¢" T T ”W”W’"d"“’mwl - |
© Bio-gel P-2 (200-400 mesh) column Bio-gel P=2 (=400 mesh) column
95 x 1.5 cm 295 % 0.8 cm -

| temp. = 65°C
| T
samples : : o _semp1es
*Note: The methods included here do not give comp1ete_separation‘of_
all carbohydrates. -
"Figure 33. _F1ow.sheet‘summerizing‘the iso1étion_pnocedunes‘utiu

Yized for cbtaining carbohydrates from Ri secalis extract
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toxins present in the extracts, jso1ation.was pursued. Throughout the.
isolation, an account was made. of the minthm amount of carbohydrate
required to cause symptonis of bare]y 'scald (Tab]e 5). For“quantitation
of carbohydrate mater1a1 the pheno] su]fur1c ac1d ana]ys1s was used. 20
It is 1nterest1ng that all steps thru the Bio-gel P-2 co1umn do. not
separate the various carbohydrates ear11er descr1bed as poss1b1e tox1ns.
However, paper chromatography w111fseparate carbohydrates. Figure 34
indicates the sections, on paper chromatography, that:will'be referred
to in the-tollowtng discussion. If:the SO cajied toxin, "rhynchosporo-
side," was the on1y'tox1n in the fungal extracts, after theipaper chro-
matography step, it would be expected to have activity at a carbohydrate
concentrat1on of at least 6 mg/ml.or less. 0bv10us1y th1s is hot the
‘casef |
The other sections of the'paper;chrOmatograms_Werehthen checked for
A _toxicity (Table 6). The "toxin“isection had activity at a<htgher.con7
centratton, 40.5 mg/ml. ‘Actjvity‘Was a1so‘obserVed in the origin and
cellobioside secttonS'of the chromatograms. PrevaUS1y,hthe glucoside
sect1on was observed to have toxicity. _ . |
It was next attempted to see whether some active components cou]d

be 1so]ated by placing the toxin and or1g1n sections over a Bio- ge] P- 2
co]umn A Bio-gel P-2 (200-400 mesh) 95 x 1.5 cm co1umn (refered to as |

Bio- ge1 P-2 #1), was used, and a ser1es of . standards were p1aced on

the co]umn




Table 5. Isolation stéps‘inc]uding weights and amounts required for toxidity;

isolatfon step

total weight 'cafbohydrate

Acetone precipitation

'Dowéx 1-x8
Dowex 50-x8

Bio-gel P-2

Papér,chromatographyf

1-butanol-pyridine- -

water,9;5:4

“"toxin section”

ratios minimum amount of
i " carbohydrate -
carbohydrate " needed for-

(mg) . (mg)
3800  1918.4
1370 . 1026.4
872 . 675.5
612.6 556..2
—— (78.9)*
82.8

_total weight  toxicity. (mg/mi)

0.505 ~  113.2
0375' . - 66.2
0.775 N _61.4.
0.908 . - 58.

| -

~ .

no activity at
| 20.2
activity at
40,5

% This smaller.value was observed, due to a loss by cutting

. the paper and-visualizing the_bands of materié1si
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Figure 34.
Table 6.

Fraction

"Toxin" section

Origin section

Cellobioside
section
Water

198

'Front
glucoside — ' . ¢ glucoside section .
} ce11ob1os1de sect10n |
g]ucose - (:) ) _ _

"toxin"  section-

cellobiose ,—_-<) p——

S origin section -

sorigin  ___ —_— '
Areas bioassayed from paper chromatography, so]vent

system (1 butano] pyr1d1ne water 9 5: 4)

Symptoms- observed after 3.5 days. on barley cultivar var.

Hannchen C.I. 531, from akeas on paper chromatography:

Symptoms Carbohydrété (mg/mT)
tip netrosis, yellowing - . . 40.5

of leaf margin

sTight tip necrosis, s]ight' S
yellowing of leaf margin

yellowing of entire leaf ‘ _: -

: none, after 6 days - - -




199,
Ce]]o—o]igosacqharides [8(1—4)] were"pfepared by hydrolyzing cel-
.1ulose'W1th 3N‘TFA for 6 hrs at 100°C The m1xture after paper chro—-
matography, was p]aced on the Bio-gel P 2 #1 co]umn, and the profile. 1sz
_seen‘1n Figure 35. The_data reductjon frpm this e]ut1on_curve is found'
in. Append1x B.. o

F1gure 36 shows the p]ot of elution vo]ume/vo1d vo]ume (Ve/Vb) VS.
;1og(mo1ecu1ar weight), to be a Straight line having a correlation coef-

 ficient of 0.9994. Note: glucose was ndt included in.the plot, since
it is known to aTways faiT off the {1he producediby the o]igbmefs; |

A corn syrup hydrolysate was obtdined,Z] aﬁd its o]igomers,_[a(1—+
4)], were passed QVer the Bio-gel P-2 #1 column, and the profile is |
presghted in Figuké 37. The data redhqtion for this-eldtioh curVe.is
found in Appendix Cf‘ Figure 38 shows the plot of (Ve/Vo) vs. ]oé(mo]Q'
ecular weigﬁt),’td be:a'stféight 11he having.a chrelation'coeffitient
of 0,9893. .

The synthetjc'(2—propanb1—1—0) a—ce11ob{oside,.(g§}, was piéced on
the Bio—gé] P-2 #1 co]umh, and the.resulting elution profile is pfesenf_
ted 1h Figure 39. The. B anomer of 24 e]utes at. a s11ght1y greater e]u-_

“tion volume, 89 ml, wh11e glucose elutes at the same vo]ume as the
previous run,.111ﬂ4 ml.

The "toxin" and‘qrigfn sections from paper chromatography.(Figure
34), were combined and placed oVef the Bio—ge] P-2 #1 column. ‘THe

co]]ectedAfractidns were pooled in groups of ten and bioassayed.
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glucose
—_—
111.9 ml P mu
cellobiose
————>
103.7 ml Im
cellotriose
_— =
94.1 ml %
cellotetrose
——— | ®©
87.6 mi ©
cellopentose : =
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Figure 35. Cello-oligomers on a 95 x 1.5 cm Bio-gel P-2 (200-

400 mesh) column.
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Figure 36. Plot of (Ve/Vo) vs. log(molecular weight) for

cello-oligosaccharides.
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Figure 37.
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iResu]ts of the bjoassay.are presented (Fjgure 405 in a wey thet‘indi-
cates which pooled fractions-contained activity. There are a;humber‘of
samp]es (pooled fractjdns) that'contain.activity, {.e.; EAH."THis dis-
tribgiibh,might be representative‘of a'lakge number of differenf toxic
eompoﬁnds Upon comparison of the elution d1agram of the cello- 011go-
sacchar1des (F1gure 35) to that of (2—propan97—1—0) o= ce110b1os1de
(F1gure 39), the trisaccharide would be'expected to elute in the_reg{bn '
of fpactiens 82488. This region_doee have tokic activity, gorreTating
withiearlief data.that suggests a-tfisaccharide unit in the "toxin".

‘The ce11obieside section (region aroﬁnd g]uCose'Qh paper chromate—‘
graphy) was now 1hvestigated on the Bie~geT'P~2 #1 column. Figure 41
showe the observed elution profile of the‘carbohydrafes'fn the ce]lobio—
side section. The compound of interest was the ce]lobioeide, (g;),
known to elute at 87.6 ml. There was no peak obeerved in Figure 41
where the ce110b1051de was expected to be found. However 1f 1t was
'present in" small quant1t1es, it wou1d be expected to e]ute w1th the -
matep1a1 labeled, cell. #1. | |

'The‘fraetions within the peak erea of celi. #1 Were'eombinedland
rep]éped en the EO1umn, whose eTution profj]e is shown ineFigUre742}
Ihtefestingﬁy, the material near 86 ml did npt'compfise.e single sym-
_metrieal peak A break;point was located at 87.8 m]i which %é experi~
' menta]]y 1dent1ca1 w1th the e]ut1on vo]ume of the synthet1c ce110b1o—

s1de,' W1th this observat1on, one may suggest that the ce110b1os1de
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could be in th{s mixture. |
The material within the. peak area of cell. #2 was placed back 6Ver
tHe column, and its elution profile is presented in Figure 43. The ma- .
ﬁeria]in this peak eluting as one symmetrical peak; is -indicative of a
sing]? component.

.fThe mater1a1~in‘samp1e, cg]l. #3, was seen to cqnsiétaof)éf ieast
fhree componenfs;‘after separation on the Bio-gel P-2 (200-400 mesh)
coiumn. To 6btain‘samp1es from each peak, ce]i. #3 was passed over a
295.5 x 0.8 cm, Bio§ge1 P-2 (-400 mesh) column {referred to as Bjo-gel
P-2v#2 cb]umn} (Figure 44). From a series of column runs, fragtiohs
were pooled producing three samples, cell. #3A, ce1].'#3B,land cell.#3C.

. The-g]ucosﬁde section (from paper chromatogfaphy) gave ‘the elution
profj]e‘in Figure 45 after being subjected to the Bio%ge1 P-2 #2 column.
There.wefe four samples 1so]ated from this éb1umn, G]uc; #2, #3, #4;and;'
#5. Radioactive glucose was used as a marker durihg the co]uﬁn run.

For ébmpakison purposed, allyl o-D-galactopyranoside was also examined
on the Bio-gel P42 #2 colﬁmn, and it eluted at 103 m1. Ally] a-D-galac-
topyranoside would be expected to elute in the same region as (2-propan-
01-1;0) a-D-glucopyranoside. There was a large peak at 104 ml, which

_ éontained at least. two compounds. It is possible that one ofltﬁese com-

ponehts may be the glucoside.
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‘ The next step toward the ver1f1cat1on of the poss1b1e ex1stence of

.a series of 1,2= propaned1o] g]ycos1des was an exper1ment ut111z1ng NMR -
spectroscopy The NMR exper1ment was uséd as a probe to 1ook for reso-
'nances typ1ca1 of the ag]ycone methyT doub]et The ‘doublet, arts1ng from
the methy] protons-on 1,2-propaned1o],.wou1d be expected‘to.be near 1.0
'1;35 ppm. Coupling constants were also useful for comparison'pnrposes;
their-values were eXpected to be between 6.2-7.4 Hz. Th1rteen samp]es
were submitted for proton NMR. spectroscopy on an FX 100 FT NMR, and the.
results from these analyses are comp11ed in Table 7 By ‘the cr1ter1a
used, e1ght samples were determ1ned to be- cand1dates for posse551on of
1,2-propanediol. All samp]es that were determ1ned to poss1b1y conta1n
' 1;2-propaned101 were considered for the next step; that is, the benzy]—
ation experiment Th1s experiment would be able to. prove three po1nts
(1) wh1ch samples conta1ned ‘the e]ements of 1,2- propaned1o] (2) was 1 .
2-propaned1o] Tinked g]ycos1d1ca]1y, and (3) at which carbon of 1,2-pro-"
panediol the g]ycos1d1c 11nkage occurred. A11'samp1es'were-benzy1ated'
.and.hydrolyzed, as ear]ter described (F1gure ]2), and the resu]ts ofthe_
_' g]c analysis are listed in Table 8. Glucose and (beenzyloxye240)'2,3,
4,6-tetra-0-benzy15a-D-giUcopyranoside, (1;), were useo as contro1s.
The glucoside was hydro]yzed under identical condﬁtions, bnt was not
p]aced through the benzy]at1on reaction. A]] samp]es were ana]yzed us-
ing an‘SE-3O glic column. Contam1nat1ng mater1a1 from the benzylat1on

process was observed,on the carbowax column, at the same.retention time-
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Table 7. Resonances ‘(near 1.2 ppm) from NMR spectra of a11.samp]es

isolated from R. secalis extracts.
A1l prospective Possibility

S coupling ~ for aglycone

Sample " Resonances*,(ppm) constants(J, Hz) moiety -
Glucoside section-. 1.11,1.037,0.973 7.27,6.38 +
Gluc. #2 C hot é g1ycosfde - ‘ | : .
Gluc. #3 4 1.259,1.188,1.115  7.097,7.297 +
Gluc. #4 “ - " none: _ - -
Gluc. #5 none - -
Cellobioside section  1.336,1.267,1.150, 6.88,6.38,8.77 +

.~ 1.13,1.066 - o

Cell. #1 © 1.252;1.183,1.115  6.86,6.78 +
Cell. #2 - 1.257,1.184,1.115  7.27,6.88 ¥
Ce1j; #3A o o | © . none e ‘ o
Cell, #38 | hone - -
Cell. #3C 111,282 6.86 .
ITox{n" o 1.317,1.243 7.3 +
Origin Section _%.83?,1.267,1.13,' 6.78,5.88 | ¥

* Al resonanceé.aré~re1ative‘to DHO at 4.78 ppm, ahd only reson-
~anbes from*1;0d1.35 are reported.

ok 5pectrum obtained on a Bruker 270 MHz instrument.
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Table 8. Analysis by glc (on SE-30) for the isdmers of .
benzyloxypropanol, in all samples that were de-
~ termined, by NMR, to possibly contain 1,2-
propanediol. |

K H

| HO= Chp—(— CH, Bz0— CHy— C—CHy
- Sample . .- 0Bz S - L OH

glucose contro] : .- ' e
(2-0) glucoside | | )

control o - o+
glucoside section - | + : _ -
gluc. #3 _ + | ,’ +
ce]]qﬁioside section + | _ , Y
ce]];'#l- : . + ‘ | ' : _ _
ce1j. #2 | - o N . _“ -
ée]i. #3 ’ - . | __;;
"Toxin" _ + | | o

origin section - o -

as 2 benzy]oxy -1~ propano] This was not the case on the SE-30 column.

The on1y 1somer present in all cases, except the samp]e ]abe]ed G]uc #3

was 2 benzyloxy-1- propano1 -Gluc. #3 appeared to contain both 1somersi.‘

But,s1nce the isomer, 1-benzy1oxy—2—propano1, was not bbserVed'in the
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overq]] glucoside éection, its existence is‘questionabie.\_With thése

results, the‘pfesenée of g]ycosides linked (1-0) to ],2—propéhédio1 was
confirmed, aé listed in Table 9. There'are at least four separate frge
tions having components that contain a g1yco$1dic 1iﬁkage to éarbon-]

-~ of 1%2-propanedip1. .This_extra sample (determined to contain g]ytosidé
fica11y.11nkedv1,2-propanedio1),'Cell..#2, and even‘Cell.'#l,-which con-
téihs‘at Teast two compounds, may be other disaccharide derivafi?es of
1;2-propaﬁedioT. These other_bossible_1,é—propaned101 11nkgd disaccha~
_rﬁdeémay be 1hportant fof the understanding of the‘oVerall pictUre des~

-'cribjng thevinteractibns of R. secalis on barley plants.
Table 9. ‘Samples from extracts of R. secalis determinded toipos4
sess aglycosidic Tinkage to 1,2-propanediol. |

Carbohydrate H Carbohydraté

| o H3
O—CH‘Z-('I-CH3 ' o 0-§QH0H
sample ‘ OH - 2 _

| GTucéside section + =

~ Gluc. #3 + o
Ce]1§bioside Section + -
Cell. # o+ -
Cell, #2 + -
+ -

Toxin
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Therefore, another step toward the verification of»the_structure
was attempted. The isolated samples, Cell. #1 and Ce]].'#Z; were sub-

'mitted.for methyTation ana]ysis.]-9

"Neutral sugar analyses showed that
'Cell. #1 contained predominantly glucose with small amoonts of other

sugars, and Cell: #2 contained'only g]Ucose The methylation analysis'

' ”nof Ce]] #1 s presented'in Table 10. Th1s samp]e wh1ch had a_Compo-

nente]ut1ng from a P-2 co]umn at the same volume as (2-propanoj—1f0) a-
ceTlob1os1de, appears to-conta1n two maJor d1sacchar1de components‘ One
component has a 4-linked g]ucose, and the other component has a 6- 11nked.
g]ucose. Sma]] amounts of the 2- and 3 11nked and 4,6-Tinked- res1dues
were also noted. Th1s result correlates with the possibility of hav1ng
(2—propanol—]—0) a-cellobioside in the fungal extracts- :It also pres~'
ents ‘the poss1b111ty of hav1ng all the poss1b1e 11nkage s1tes w1th1n
the d1sacchar1de moiety, i.e., g]uc.(]—+2) g]uc, gluc (1—+3) gluc, gluc
' (1—»4) gTuc, and g]uc (1—6) gluc. | |

The methylation ana]ys1s of Ce11 #2 is presented in Tab1e Tl'
This samp]e which appeared to be a s1ng]e component by column chromato-
graphy, has only one maJor disaccharide mo1ety This d1sacchar1de has .
a 4- 11nked glucose, and by mass spectroscopy, the major s1gnals may be
due to the fragmentat1on of an ethyl cellobioside. Therefore, Ce]]t #2

may not be important to the overall toxin picture.
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Table 10. 'Methy1atfon analysis of the”sampTe;.gé11;#1-

. Method: methylation, hydrolysis, reduction and acetylation.

L , L,
Type of moiety found . Percent

Terminal g]ucose
2- or 3-Tinked
4-Tlinked
6-]inked_ )
4,6r11nked

Analysis of the‘aboVe

A% 4% o
glc(1+2)glc-aglycone 4%

or(1-3) | 4%

21% 21% :
glc(1+4)glc-aglycone 21%
a ‘ 21%

16% 16%

g]c(l+6)g1c-ag1ycohe 16%
S ' 16%

7% 7% :
g]c(]+4,6)g]c-qg]ycone 7%
‘ 7%

52
4

21

. 16,

. 7 .
data | Mole % of total
terminal _ . 8.4
1- or 2-Tinked
terminal 438
4-1inked
terminal - ‘ ' 33.3‘
6-1inked '
terminal - | 14.6
4,6-Tinked"

*The pefcentaée-is-norma1ized to 100%.




TYée Of_moiety*found';
‘.leé;mihaT-g]ucose
2- or 3-Tinked
4-Tinked
6-Tinked

Ana]ysié of the above data -
a4y

or (1=3) . . 8% 2- or 3-1

40% 40% . N | :
gluc (1-—4) gluc-aglycone 40% terminal

A U

*The berqehtagé_is normalized to 100%.

gluc (1—2) gluc-aglycone 4%’tefminalt7'
inked

40% 4-Tinked

gluc. (1—6) gluc-aglycone - -4% terminal -
S 4% 6-Tinked -

Table.11. MethyTétion analysis of the sample, Cell." #2. __:..

‘Method: methyTation, hydrolysis,‘rédgétibn'and.acety1atioﬁ.

“Pérceh#*.:

52
Y
0

Mole % of total ..

g
83.3

8.4




SUMMARY

wjth the use ot'the protected alcohol, 1¥benzy10xy72-propano];(2),
the synthesis of (1-propan01-270) o-DQg1ucopyranoside; (11), for use in
- a suhsequent enzymatic reaction was straight forward. This glucoside,
q1though shown not to be important in the nature1 system was of'inter-“
est for a nuwber of reasons. First, 11 was found to be toxic (at h1gh
'1evels) to bar]ey 1eaves, showing -symptoms similar to those of. the
'_natura1 toxin. Second, as a‘consequence of its structure, its NMR ~-
spectrum was of interest. The molecule was observed to contéin'twol
‘distinct1y different carbon-1, g-protons. The‘ag1ycone.m01Ety,'in ah
alpha-Tlinkage, contained two distinctly different methyl Qroups. This
_ resuit could be due to the two possible isomers at C-2, of 1,2-pro- |
‘i'paned1o1 with either hydrogen bonding between the ag]ycone'hydroxyT
and- the carbohydrate residue, or spat1a1 crowding, stopp1ng free rota-_ﬂ
‘t1on'of carbon 2.. It was shown by‘CMR (Section 3), that there was . |
.hydrogen‘bonding'through the hydroxyl at C-2 of the gTucose residue.

In'accordance with the benzylation, hydro]ysis; and glc study o%
“the tox1n and other 1so1ated components of R. secaZzs, there was ev1—
dence for only 1-linked, 1,2- propened1o1 as an aglycone mo1ety Th1s
ru1es out the ear11er suggested 2- 11nked 1,2- propaned1o1 ]

As a result of the synthet1c work Rnynchospor051de was shown not
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to be a cé]lobiosjde. However, by thrée independent methods 1nc1uding
column chromatography, thin—]ayer chromatography, and methyiation .
' ana]ysis,.the "toxic" matéria] may be a ce]]otrioside. lThe synthetic”
method.used tn the preparation of the‘cellobiosides has.onTy'previousTy
been reported for g]ycos1de syntheses 15 This method is straﬁght for-
_ ward, and could poss1b1y be app11cab1e for ce]]otr1os1de syntheses

After us1ng syntheses, 1so1at1on techn1ques, NMR ana]yses, and ben- |
zy]at1on hydro]ys1s stud1es, it appears quite certain that the g]ucos1-
de, cellobioside, and cellotrioside with an anomeric 11nkage to carbon -1

of 1,2-propaned]o1, does ex1st. Also, there is evidence that would

' enab1e one to suggest one or more ootential disaccharides;,other than'

" the ce110b1os1de hav1ng an anomeric 11nkage to carbon 1 of 1 2- -propane-
d101: Therefore, it seems c]ear that an ent1re fam11y of tox1ns ex1st
at Teast the g(1-4) o11gosacchar1de fam11y Since ther1solat1on and
character1zat1on was approached to u1t1mate1y aid in p]ant breed1ng and
se]ect1on, it is adv1sed that all se1ect1on exper1ments ut111ze not Just
one fragment of the R. secalis toxins, but in some manner take 1nto_ac-
count all possib]e_toxtns. | -

We submit that this work is in no way‘a complete picture of the
phytotox1ns produced by R. secalis; but rather only a step toward
open1ng the door. Further work is requ1red to obta1n the various tox1c
compounds in-a pure state, and all samp]es shou]d be checked 1nd1v1dua1—

1y, and 1n,mu]t1p1es, for toxicity. A]so "a search for a poss1b]e
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broader family of toxins (as was suggested) than in the cellulose family,
should be pursued.
As a last note, we would like to recommend that the trivial name
"Rhynchosporoside", given to one of the R. secalis toxins,] be changed
to "Rhynchosporosides", meaning all of the toxins of R. secalis. And

é]**a}(b‘])n’ where

any particular toxin may be called "Rhyncosporoside
the subscript, b, indicates the number of sugar residues, and super-
script indicates the linkage assingments (a being the carbon of attach-
ment). Figure 46 shows the proposed structures of the toxins, with

their suggested trivial names.

Rhynchosporoside]

Rhynchosporosideél e

Rhynchosporosideg]"*4 H1'—4}

OH CHy

Figure 46. The proposed structures of the Rhynchosporosides.



EXPERIMENTAL
Throughout this work, absorbances, for pheno] sulfuric acid deter-

m1nat1ons, were obta1ned on a Bausch and Lomb Spectron1c 70 and co]umn
eff]uents were mon1tored on a G11son Ho]]owchrome var1ab1e wave]ength
mon1tor 0pt1ca1 rotat10ns were obtained on a Carl Ze1ss C1rc1e Po]ar-
1meter 0. O]°, us1ng a. sod1um lamp. Infrared spectra were obtained on
both the'BeckmanflRSA infrared spectrometer and Beckman-IRZO infrared
spectrometer' NMR nere obtained on a Varian mode] T-60 NMR spectromet-
er, using carbontetrach]or1de or deuterated ch]oroform for non- aqueous
compounds, and deuter1um oxide for aqueous compounds An aster1sk (*)
appears after a]] CMR or NMR obtained by James S Frye at the CSu Reg1--
ona] NMR Center, Department of Chem1stry, Co]orado State Un1vers1ty, .
Fort Co]11ns, co 80523 A1l results obta1ned were with respect to.
DSS subst1tuted _ |

_ A]] melting points and7b011tng points.are‘uncorrected; A1l elemen--
tal analyses Were obtained from'Ga1braith:Labonatories, Inc., Knoxville,
™ 37921. |

Throughout this work, the following solvent systenms were used for

_chromatographic purposes: a. (carbon tetrach]onide-ethyl acetate, 80:

_ 15);~b. (carbon tetrachloride-ethyl acetate, 80-17)3: ; (carbon tetra-

ch]or1de-chloroform, 80.20), d. (carbon tetrach]or1de ch]oroform 80: 30
); e. (carhon tetrachloride-chloroform, 80:40); ;'(carbon tetrach]or— '

ide-chloroform, 80:50); g. (carbon tetrach10r1de ethy] acetate, - 80: 8)
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h. (ethyl acetate—water—methanol,“84:18:35); i. (1-butano]-pyridine--
.water; 9:5:1); Jf'(éh]oroformeethanol 150']): k. (2 butanone ethano]--
‘water, 75:12:6); 1. (carbon tetrach10r1de ethy]l acetate, 80 20)
'(carbqnttetrachloride-ethyl acetate, 80:10); n. (1-butanol= pyr1d1ne-
water,'9:5r4); 0. (1epropano1—ammoninm hydroxide, 66:33).

ngpatat1on of allyl benzyl ether 522

uSod1um hydride (24.8 g, 1.03 mo]) was added to a so]ut1on of allyl
alcohol (30 g, 0;52 mo1) and dioxan (50 m1) in a 500 m], 2-necked‘f1ask;
equipped with a mechanjca] stirrer.and reflux condenser. ‘Benzy1 chlor-
“ide (110 g, 0787 mol) was added dropwise to the rigorous1y stirred mir-
turel7 After the adddtion'was completed, the mixture was refluxed for
4 hrs. The resuﬂtant‘nixture was centrifuged at 13, 000 X 95, and the -
'supernatant was decanted. The peliet was washed w1th benzene centri- :
“ngeddecanted and added to the previous supernatant The combined sup-i
ernatants were f11tered, and the solvent was removed by rotary evapora-
t1on. The product can be observed by ch on a 10' x 1/4", 15%.carbowax,
(on chromsorb G, base washed) column, at a temperature of 150°C; with a
he]inm flow rate of 68 cc/min. The retention time was 26.7 min in this

system. The resu1tant solution was distilled (40 g, 52%dy1e1d).

‘bp25 105-7°C o Literature?®  bpygy 204-5°C
Infrared- 3100, 3050, 2882, 1510, 1468, 1372, 1270, 12205 1100, 1010,
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749, 708 cn” ).

NMR— 3.65-4.0 (multiplet, 2H), 4.38 (singlet, 2H), 4.9-5.43 (multiplet,

2H); 5.58-6.23 (multiplet, 1H), 7.23 (singlet, 5H) ppm.

~ Elemental Analysis— for C,.H.,0

. 1012 :
Ca]c@]ated: C, 81.04; H, 8.16

"Found: o C, 81.34; H, 7.96

Preparation Of-1¥benzy]dxy-2-propano]‘g .
‘A11y] benzyl ether (10 g,‘0.068 mo1)'Wa§_added to a étirréd mixture
of mercuric acetate (21.0 g, 0.068 mol) in aqueous tetrahydrofuran (80,

8 ‘After‘the‘yé110w color had.disappear-

m];'SO:SQ), at room temperature.
ed, the feaction was stirred for 15 min, and then a potassihmﬂhydroxide
.501ution (67.5 m1, 3M) was added. This was fbi]owed by a solution of -

' sbdiym'borohydride (1.28 g of NaBH4, in 67.5 ml of 3MTKOH). Thelnercury.
was a]]owed.to brecipftate and a solutidn of saturatéd sodium chloride’
(]00:m1)'Was added. The solution waé-fi]tered through celite filter aid,
extracted with methylene chloride, and dried over ahhydrbus.magnesiﬂm-
‘_sulféte{ The product, (2), was monitored on a 10’ x.1/4", 15% Carbowax A
“(on éhromgorb G; base washed) ‘column. With theovenntemperature.at
T95?¢,‘and a fiow rate of 68 cc/min, the fetention time Was 36.7 Min, .“
The crude mixture wa§ filtered, concentrated and run on a low pressure
11qufd chromatographic system utilizing a 100 x 2.5 cm column;, packed

with silica-gel (60-200 mesh) using solvent system (a), Rp = 0.21. .
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The yoid vQ1ume‘ef the column was 325 ml, and after 300 ml of effluent
passed, 19.6 ml fractions were col]ected. Tubes 23-68lc6htained‘the
‘derivative (7.0 g, 62% yield).
*% : | . 23

Literature 'bp10‘123°C

 Infrared— 3420, 2845, 1465, 1105, 745, 705 cm™ . |

NMR—-].O—?,26 (doubjet, 3H), 3.03-3.5 (pu]tip]et,ZH); 3.63-4.2 (multi-
plet, 1H), 4.47 (singlet, 2H), 7.27 (singlet, 5H) ppm.

MS— molecular ion at 166 m/e. B

E]emental Analysis— for C]OH]402

~ “Calculated: ~C, 72.26; H, 8.49
Found: C, 72.00; H, 8.45

*fo§t111ation was not used during fhis procedure. .

/Preparat1on of 2, 3,4, 6 tetra-0- benzy1 ~g,-D- g]ucopyranos1de 81O

Methy] a-D- g]ucopyranos1de (50 g, 0.26 mo1) powdered potass1um
hydroxide (250 g), and dioxan (183 ml) were st1rred'and s]ow]y_Warmed to
the boi]jng point in a'l 1itek, 3-necked f]aSk; eqdipped with‘a‘fefTux
condenser, mechanical sfirrer} and an addition funnel . ‘Benzy1 ch]oride‘
(275.3 g, 2.18 mol) was added dropwise to the.boiling and vigor6u$1y' |
stifred mixture. After the addition, the mixture'Was refluxed for an
-.addf%iona1 3 hrs. The resulting cooled m1xture was steam- d1st111ed

eo1ieeting 5 Titers of d1st11]ate. The organ1c 1ayer was separated and




227 -
washed twice with water, and sodium ch]oridé was added t0 bireak the
 emuTs1on The orgénié layer wag mixed with‘giécfa]ﬁacétic acid (2.7 1)
‘and 4N su]furic acid (1.2 1) at 85°C 1n-a 4 Tfter; 3—né¢ked‘f1ask,equfp;-;'
ped ‘W1fh'a.thermométef, ref]uk condenser, and mechanical stirfer;The
so1Q£{on was heated at 85-87°C for 24-hfs. ‘Water (525 m1) was s]oQ]y
‘added, and.trystaf112ation began. After all thé water was édded, the
mixﬁﬁre was Coo]ed'jﬁ an-fce bath. ‘The:pfoduét was removed‘by filtra-
tiqﬁ}'and}washed Successi?éiy with aqqeoaé acétic.aeid.(460.m1, 50%NV/V),
h watef,uaﬁd.éQerus methanol (400-m], 75% V/v),‘and thehlthe crysfa]é] -
,Wéré dr1ed (102.3 g,‘73% yield).  The product was recrystallized twice
from n-propanol (62.2 g, 45% yield).  NOTE: 'The a?t1c1e]O'§tates that |

- upon kecrystai]ization there was 1ittle Toss of materia]; hoWever, we

found a 22% loss for eéch recrystallization. = The product can be observ-
‘ed by thin-layer chromatography on si]icqrge1; in so]ﬁent'system (b),

R. = 0.15.

F

‘mp 151-1.8°C ; Literature'®  mp 151-2°C

315 L S ‘ 20 . S s .
[a]H = +22.5° in CHC1, (c, 2.194){a], = +21.7° in CHC1, (c, 2.19)

~Hg . 3 . 'D- T3 .
Infrared— 3400, 3040,,2910, 2865, 1458, 1360, 1145, 1085, ]045; 1030;'

1005, 743, 693 cm™ . | | o
NMR™E 3.3-4.23 (envelope, 8H), 4.35-5.13 (envelope, 9H), 5.23 (multipl-
et, ), 7.3 (multiple singlets, 20H) ppm. . |

E]ementa]:Ana]ysisf‘for C34H3606
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CaTculated: C, 75.53; H, 6.71
Found: ‘ C, 75.48; H, 6.65

sk ' ) . .
Obtained from the mono-hydrated species.

Preparation of 233,4,6-tetra¥0-benzy1—nglucosy1 chioridé_g

‘Thionyl chloride must be distilled prior to use. 'The'2,3,4,6-tet-.
ra-O—benzy]-a-D-g]ucopyranoée (4 g, 0f007'm01); and thionyl chloride

L 'After‘refiuxing‘for 15

(8.3 g; 0.07 mol) was added to a 50 m] f]as
mfh (NOTE: It would be good not to reflux, but to heat LO 40-50°C unt1]
the react1on was comp1ete ), the solution was concentrated by rotary
evaporat1on, and three consecutive aliquots of to]uene were evaporated
to remove traces of th1ony] chloride. The product can be observed by
thin-layer chromatography on s1]1ca-ge], tn solvent system (b), Rp=048.

A siiica-ge] co]umn‘e]uted with chloroform, RF :.0,76, can be used to

.clean the product just prior, to reactioni,

Preparatioh of (1-benzy]oxypropaho1-2-0) 2,3,4,6<tetra-0-benzy1-d-D-

g]ucopyranosidellg

"Dry acetonitrile (122 ml), and sodiun fodide (12.1 g, 0.08 mol),
wereadded to 2,3,4,6—tetra—0-benzy1-D-g]ucosy] chloride (]2.2_9, 0.0218
mol). After 10 min, ‘1-benzyloxy-2-propancl (4 g, 0.02 mol) and 2,6,-lu-
tidine (2.58 g, 0.024 mo1) {1.1 mol equivalent}, was added to the above

solution. The reaction was continued for 18 hrs at room temperature.
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The product can.be monitored by thin-layer chromatography on silica-gel,

in sqivent system (c), RF = 0.04;_(d), RFV= 0.13; (e), R. = 0.19; (f);'

F
Re = 0.26; and in solvent system {9) Re = 0.39,'the.pr6duct'is begin-
_ ninéito seperate inte'two,Spots (these may be a- and g-anomers). The
'reactton‘mixture_was poured into water (1000 ml),and'satukateAZSOdtum |
chloride was added. The mixture was extracted three timescwith cerBOn
tetrachloride, washed twice with 5% Hydroch]oric'ecid,-washee twicewith..
saturated sodium btcarbonate Washed with water; and dried‘dver anhy- “
droussodiunlsu1fate ‘The so]ut1on was concentrated by rotary evapora-
tion, and the by-product, 2,3,4,6- tetra 0-benzy1-D- g]ucopyranose crys-
'1ﬁl1jzed. After filtration, to remove sodium iodide and‘2,6-1ut1d1ne'the
so]utton was passed 0vet a?22x 1.4 cm neutra1‘a1uminum oxtde co]umn

with chloroform as eluent. The product was 1so1ated by pass1ng the re-

sultanpt syrup over a silica- ge1 co]umn using so]vent system (e).

" NMR— 1.07-1.3 (multiplet, 3H), 3.25-4.3 (envelope, 20H), 5.27 (doublet,
0.7]},** 7.3 (multiple singlets, 25H) ppm. o
Elemental Analysis— for C44H48O7 |

Calculated: . - C, 76 723 H, 7 02

Found: ' C, 76ﬂ60’ H, 7.22

“*This result was evaluated to be 71% alpha ancmer.
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Preparation of (1-propanol-2-0) a—nglucbpyranosidé-ll

 Hydk6geno1ysfs of 10 was carried out dVérnight wifhenweqda]weight
of 10% lgd/C lat a hydrogen preésdre of 30 bsi, in 95% efhano]. fh1n4 ‘
Jlayer Chfomatogkabhy on silica-gel, in soivent system (hy, RF ;'0.476,‘
inditated‘the-hydrogeno1ysis was comp]efe._‘The céta]ygt was removed by
filtration, the'sb]ution was concentrated, and separated by descending
pape} chromatography‘oh pre-washed Whatman #541, in solvent system (T):-
The_separaied material was decolorized with activated charcoal in 95%
ethano1;_ From a frapt%on.of the ckﬁde benzylated product (1.4 g, 0!002
m61), after-hydrogenolysis and sepératidn on paper chromatography, the -
B-ahpmer was‘obtainéd (24 mg, 5% yieﬁd),__ and the &-anomef was.a1sd_ »
obﬁained (198.§ mg, 42%'yie1d). Thereforé, by fso]gtion, 89% of the

products was the a-anomer.

NMR— 1.26 and 1.2 (doubiets, 3H), 3.1-4.1 (envelope,. 9H), 5.1 (multipl-
et, TH) ppm. _ -
NMRZ 1.125; 1.189, 1.255 (triplet), 3.638, 3.798 (envelopes), 5.064(mu-
Ttiplet) ppm. | . o . | | .
CMRZ 100.633 (4556), 97.958 (5665), 78.21 (4772), 75.487 (14063),74368
(5032), 74.125 (8388), 73.736 (7561, 72.082'(10041),67.253(5842L2
67.121 (4438), 63.035 (9689), 19.504 (5043), 16.974 (6374) ppm.
Ffoﬁ the NMR-CMR data, one can suggest thqt'equé1 émqunté,of the'two

isomers at C-7 (carbon-2 of propanediol) exist.
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Bioassay of (1—propan0152—0)‘a—D¥glucdpyranoside on_bar]éy.1eaves

This experiment was_dohe.in éonjucﬁion,with Pio. Beltran. Echéed ,':
Bar]ey 1eave§:(cu1tiv§ﬁ-va#%‘Hanhchén-C. I. 531)-wére p]éced in water -
so]utibnﬁ-of 11, hgvinécpngéntration§ of400 rg/ml and 250 ﬁg/m1]

After 3 days, the soliition haViﬁg.a concentration ofVZSO.ﬁg/m1 had very
1ittle or.no effect on the bafiéy Teaves, but therolution having a con-
centration.of 400 ug/m] caused symptoms typ1ca1 of barley sca]d w1]t—
1ng, marg1na1 necrosis and ye]]ow1ng ‘

Comparison of 14

C- g]ucose labeled funga] carbohydrates with (1-propanol-

2-0) a-D- g]ucopyranos1de F1gure 11

'A.carbohydrate mixturg, radio-]abeTed‘wifh 14ng]ucose, was obtaiﬁ-'
~ed from Pio_Be]trah. This mixture was Submitted to‘papek chromatography
in solvent syétem‘(h), and a large sect1on, 1nc]ud1ng the area from the
front to within the g]ucose reg1on, was eluted with d1st111ed water and
concentrated. Th1s syrup was then comparat1ve1y chromatographed on. pre—*
..'washed Whatman-#541 paper, with (1-propano]-2—0) a-D—g]ucopyranos1de,1n."
solvent system (o). 'The g1ucosidg was added in equal quahtities'to the '
radioactive mixture. Regions df the chromatogram were éﬁt into_T'cm 
slices, except for thé region.akound the g1uéoside, this_reéion{was‘cut
into 0.5 cm slices, and eéch slice was counted in a scinti]Tation_CQUﬁff
er.. The glucdsidé,'p]&ted {n equal quantities_with-fhe radioécti?e ma%

~terial, was exposed by the method of Trevélyan.24 fThé results are préj
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sented in Figure 11.

Preparation of 2-(a11y10xy)tetrahydropyran 14

| Concentrated‘hydroéh1or1c acid (2 dropg) was addéd to a so]utfon

of &isti]]ed dihydropyran (30 g, 0.36 mol) énd distil]ed*a11y1,a1cohol

(20.7 g, 0.357 mol), in a 100 ml flask, equipped with aﬁn]ciwnch]ofidé

drying tube;]3a_ Since the reaction 1; exothermic, it muét be coo]ed'l

with ice-water. The reaction was st{rred with a magnetic stirrer far

3 1/3 hrs. _The product.was monftored by glic on é 10" x 1/4“,.15%-cérbo-‘

wax {on chromsorb G) column, at a temperature of 120°C, and a flow rate‘

of 108 éc/min. The retention time was 12.5 min. :The‘so1utf0n‘wa$ neu-

tralized with TON sodium hydroxide, and dried with anhydrous.potéssiuﬁ-"

carbonate and magnesium sulfate in the presence of sodium‘bicarbonaté;‘

' Thé.mixtufe was ff]tered and distilled from sodium bicarbqnaté (35.9,9,

714 yield). |

bpygg 156-9°C Literature'°°  bpye, 165-7°C

Infrared— 3095, -3025, 2950, 2885, 1653, 1460, 1448, 1388, 1350, 1328,
1268, 1205, 1188, 1138, 1122, 1082, 1060,'1030, 1000, 965,

| 921, 902, 870, 843, 815 cm . I

NMR— 0.9-2.2 (envelope, 6H), 3.2-4.39 (envelope, 4H), 4,59'(singlgt,1ﬂx o

4.9-5.4 {envelope, 2H), 5.56-6.26 (multiplet, 1H) ppm.
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| Preparat1on of 1= [(tetrahydropyran 2= y])oxy] 2—propano1 15

.2-(a11y10xy)tetrahydropyran‘(26 g, 0.18_mo1) was added to ast1rred'
" mixture of mercuric acetate (59:4 g, 0.183.m01) in aqueous‘tetrahydro_
furan (220 m1, 50:50); tn a 500 m]_f]ask at room temperature..8 The |
'_ye110w so]ution'1ost its color very qu1ck1y, and the react1on was stir
red foranotherl/Zhr A potass1um hydrox1de so]ut1on (180 m],-3M) was
added fo]]owed by a sod1um borohydrtde so]utnon (3.4é g of NaBH4,7in
180 ml of 3M KOH) - The so1otion'was'1eft overnight‘white the mercury
prec1p1tated out. A saturated solution of sod1um ch]or1de (200 m15'wa$af7‘
added, and the m1xture was extracted 4 t1mes w1th d1ch10romethane The
| product was monitored by glc ona 9’ xv]/4f, SE-30 (on chromsorb-G) col-
.umn, at a temperature'of 125°C, and’a ftow rateaof 50 cc/min. Tne‘pro-
'doct (1_) had a retention t1me of 19.6 min. The ordanic layer was.
dr1ed over anhydrous sodium carbonate and sod1um su]fate in the;nesence

of sod]um b1carbonate. The m1xture was f11tered3 concentrated, and dis

tilled (22.9 g, 78% yield).

bpyg 121.5-2.5°C CLiterature®® bp0 3-0.4 60-4°C

Infrared- 3430, 2950, 2880, 1450, 1380, 1270, 1204, 1140, 1125, 1080,

1065, 1038, 978, 904, 870, 810 cm’ .

NHR—1.15 (doublet, J = 6.4 Hz, 3H), 1.3-2.3 (envelope, 6H), 3.0-4.2(en

velope, 6H) 4.6 (singlet, 1H) ppn, ' ' . )
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Preparation of'1-f(tetrahydropyran-nyT)oxy]—2—benzy1oxypropane 16

" Sodium hydride (6.48 g, 0.27‘m6])_Wasﬁadded to a solution of 15.
(21 g, 0.131 mol) and dioxan (40 m1}), in a 250 m],-3—necked flask equip-
ped with a reflux condenser, mechanical stirrer, and,ah-addition funnel. -
w1th vigorous stirring; benzy1 ch]ofide (24.9 g, 0;197 mol) was added
dropwise. After the additioﬁ.was comp%éted; the mixture was refluxed
for»4 hrs.7 The product was observed by glc on a 10' x 1/4", 20% 5E—30
(on anakrom) column, at a temperature of 210°C and f]ow rate of ]08’cc/
min.. The product had a-refention time of 22.9 mfn.l'The resulting mix-
ture was Centrifuged at 15,000 x Q,'decénted and. the pellet was.§insed
wjth-didxan;‘ The‘combined supernatéhts Were'vacﬁum f11tered;7concentré; .
ted.by.rotary evaporation, and disti]]ed‘from sodium bicarbonaté (Zé'g,

79% yield).

-bp]3 186-7°C |
Infrared- 3510, 3062, 2970, 2900, 1513, 1470, 1390, 1365, 1276, 1218,
1200, 1138, 1080, 986, 915, 881, 828, 747, 708 cn”l.
NMR— 1.16 (doublet, J = 6 Hz, 3H), 1.3-2.2 (envelope, 6H); 3:1-4.1 (en-
velope; 5H), 4.57 (singlet, 3H), 7;25_(Sing1et; 5H) ppm;
E]ementaW Analysis— for C]SHZZOS | |
" Calculated: . C, 71.97; H, 8.86

- Found: o C, 71.83; H, 8.96
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Preparat1on of 2 benzy]oxy 1- propano] 12

1- [(tetrahydropyran 2- y])oxy] 2~ benzy]oxypropane (1 9 0.004 m01)
was added to methano1 (10 m1) conta1n1ng Dowex 50W= X8 res1n (1 5 g).
rThe heterogeneous m1xture was shaken at room temperature for about R
hr ]4 The product was “moni tored on a 10' X 1/8“ 15% SE- 30 (on chrom-
sorb G) co]umn at a temperature of 200°C, and a flow rate of 1T cc/m1n
The reactlon mixture was f11tered,3concentrated by rotary evaporat1on
and distilled. By'd1c, a 98.6%.conuersion_nas achieved.
26

bpH 134 6°C ) ' . Literature 88 9 C

bpo 8 B

Infrared— 3460 3060 3000 2960, 2898 1512 ‘1469- 1378 '1355 12209,’

1160, 1100, 1075, 1000, 920, 868, 805, 745, 705 cm’ 1

NMR= 1.09 (doubTet, J = 6 Hz, 3H), (mu1t1p1et TH), 3,42(mu1£{p1ét,
- 3H), 4.48 (s1ng]et 2H) 7.23 (s1ng1et 5H) ppm. | o

MS— molecular ion.at 166 m/e. '

Elemental Analysis— for C10H1492

~

‘Calculated: -~ C, 72.265 H, 8.49
Found: ~ -~ - - C, 72.34; H, 8.43

G]c systems for ana1ys1s of 1- benzy]oxy -2= propano1 (2),'and 24Benzy1e

oxy ] propanoT (12)

For separat1on of 1-benzyloxy-2- propanol, and 2 benzy]oxy 1 propani

, the fo]]ow1ng co]umn and cond1t1ons were used, a 10" x 1/8“ 15%
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carbowax 20M (on acid washed chromsorb G, 60/80 mesh) column, at a tem—d
perature of 213°C, injector‘temperature ot 273°C, detector temperature"
of 302°C, and a flow rate of 25 cc/min. The observed.retentidn-time'
for 2 was 1993 seconds, and the reterition time for lgfwas 2467 seebnds.
Mjnigratdr settings were as fo]]oWs:' ‘ |

PW =50, S5 =100, Bl = 5, TP = 20, and T = 500.

A 4.5 x 1/8", 15% SE-30 (on acid washed chromsorb W, 80/100 mesh)
‘.column~was used with the following conditions:’ 1njection‘was made at a
column temperature of 85°C, after 200 seconds. e1apsed the temperature
\was.programmed at 1°C/min up to 140°C.. The 1nJector temperature was
273° C the detector temperature was -302°C, with a flow rate of 12 cc/
min, The observed retention time for 2 was 2893 seconds, and the reten—
tion time for 12 was 3023 seconds. Confirmation'of the identity of t
peaks having retention times similar to those of 2 and 12, was optained
by co-injection of standards. IOn]y peaks that exact]y'co+injected'withl

standards were determined positive.

Preparation df octa-acetyl-cellobiose 18

" Cellobiose (50 g, 0.75 mol) was added during the course of 0.5 hr. H
.to a solution of acetic anhydride (200 m1) and perch10r1c ac1d (1. 2 m])
The temperature of the reaction mixture should not rise above 40° C or .
fa]] be]ow 30°C.. 16 After the temperature stab111zed ch1oroform (150

' m]) was added and the m1xture was poured 1nto 400 m] of ice and water,ﬁ
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‘énd the mixture was sepékafed. Thé-ﬁrganic Tayer‘waé‘washed‘twice Withf  
ice water, and the washings were-eXtracted twice wifﬁ ch]oroform.‘ The o
combined organic 1ayefs wereIWasHed_with a saturated sodium bicarbonate-“
so]ution} .The éolution was dried over a mixture of calcium chloride,
calecium éarbonate, sédium-bicarbonate, and activéted charcoal. The mik«
ture was filtered and taken up to 8OQ ml- with chiorofokm. ‘DiethyT.éth-
er (1000 m1) was added énd the mixture Was'kept at 5°C overnight, and
filtered. . The érysté]s'were taken up with chloroform (500 m1), and
diethyl ether (300 ml) was added.. The mixture was kept at 5°Cf09ér¥
night, and filtered (57 g, 58% yield). ' |
27 mp 229.5

mp 200-10°C A - Literature
' ' ' g~mp. 202

NMR— 1.94-2.3 (multiplet, 24H), 3.5-4.76 (envelope, 8H), 4.76-5.8(enve-
Tope, 5H), 6.27 and 6.56 (doublets, TH) ppm. |

Preparation of 2,3,6,2‘,3',4‘,6'-hépta—0—acety];ce11obiosy1 bromide 19

Amorphus phosphoroué (4.5 g) was added to a chloroform solution of

18 (30 g, 0.04 mol), and cooled in an ice bath. While the mixture was

being vigorously stirred by d mechanical stirrer, bromine (29 g) was
addéd, then water (5.5 g) was slowly added. The vessel was stoppered,
and stirred aﬁ rdom_temperatqre for 2 hrs. Chloroform (50 ml)was added

énq the mixture Was'poured into ice water (125 m1), and separated.1§
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‘ The product was observed by thin-layer chromatography on s111ca -gel, 1n 3
solvent system(J) RF 0.21. The chloroform Tayer was f11tered washed
tw1ce with water, and the water wash1ngs were aTso extracted tw1ce ‘
with chToroform. The combined chToroform extracts were washed with a
solytion of saturated‘eodium bicarbonate, and dried.over‘a mixture of
ahhydrous sodium sulfate and calcium carbonate. The MTxtUre was Fi]-
tered and concentrated to 75nﬂ."DiethyT'ether (T5Cnﬂ)'was added, and
the mixture_was kept at 5°C oVernight. ThecrystaTTine mass collected by
filtration , crystallized from a:soTutTon of.chToroform (75 m1) and
diethyT ether (75 m1) (15.3 g, 50% yield). - |
mp 176°¢28D
mp 18200284

mp 182-3°C S : . Literature28 .

NMR— 1.9-2.26 (multiplet, 21H), 3.5-5.8 (envelope, 13H), 6.55 (doublet,
9 = 3.8 Hz, TH)ppm. | |

Preparat1on of phenyT 2,3,6,2',3',4',6' hepta O-acetyl- 1 thio-g- ce110-
bioside 20]7 -
- The 2,3,6,2',3' 4' ,6'-hepta-0- acetyT ceTTob1osy1 brom1de was pre- o
pared from 18 (25 g, 0,036 mol) accord1ng to the previous method After
the chToroformfsoTutioh was dr1ed with a mixture of anhydrous.eodnum
~sulfate, and calcium carbonate, it was directly used ih‘the following

§teh$._ Tetrahydrofurah(SOmTL and a solution of sodium hydride‘(T.Qng
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0.04 mol), and 10% excess thiophenol (4.41 g, 0.04'moi) were added
slowly to tﬁe chloroform solution. fhe mixture was warmed to 45°C for
30 min tb proVﬁde nearly a complete cdndensation. The mixture was fil-
teréd and wéshed thkeé times with.aniaqueous solution of éaturated godie
um Qjcakbonafe, The chloroform 1ayer.Was washed wifh water, andﬁdried
' oveﬁ anhydfous:calcium chloride. ThelchTOroform was removed by rotary
evaporatidn to'oﬁtéin a crude'crystaJ]ine mass (33.5 g). ThisnmtériaT
- could be'pﬁrifieq by_the method. of Purves.]7‘ The product_can be ob-
served by thiﬁ—]ayer chromatography'on si]iéa-ge], in'so1vent‘sy§témeL'”'
RF = 0.23. This prbduct was used'difect1y in tﬁe next'étep.;'

17

Literature mp 295°d

20 -
[u]D = -28.5° in chloroform .

Preparation of pheny1 1-th10—6-ce11objosﬁde 2117

The product from the previous reaction was dissolved in 5 fimes its
weight of ammonical methanol. The ammonia-methanol solution was ob-
tained by saturating methyl alcohol with dry ammonia gas, at room tem-

7" This solution was allowed to stir overnight at.room fempew—_

peraﬁure,
aturé; the solvent was then removed by rotary evapofation, and the
residue was extracted witH warm dry ether (to remove the acetamide). The
‘prodgcf was‘bbserved by thin-]ayef chromatdgfaphy on si]fCé~ge1; in

soTvént system (k), RF = 0.3 (13.9.9, 89% yield). This product was
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uéed directly in the next'reaction;
17

Literature’ mp 230°C

BRI : -
[a]D = ~59.2° in water (c, 1.5)

Preparation of phenyl 2,3,6,2',3',4",6'-hepta-0-benzy1-1-thio-g-cello-

bioside 221° | - |

Pheny1 1-£hio—8-ce11obioside (]3.1 g, 0.03 mol.) {from the.ﬁrevibﬂs "‘
preparation} was disSleed in dry dioxan (50 ml) in a 250 ml, 3-necked
flask, equibped with'a reflux condenser, mechanical stirrer, and a |
dfopbing funnel. Sodium hy&ride (7.3 g, 0.31 mol) was .added td the.so-
1utign,and the mixture was stirred for 15 min. Benzyl ch]oride‘(38;7.g,
0.396 mb]) was added drgpkise while the mixture was refluxing. Reflux
was ‘continued for 3 hrs, then thg‘coo]ed mixfure was poufed onto ice
(200 m1), and ethanol (130 m1) wés added. Upon stirring, alsolid‘Sep-
arated, and water (100 ml) was added. Thé product was observéd by thjn~
1ayerlchromatograbhy on si11c§—ge1, in soTvent system(]),.RF = 0.75. |
Recnystal]izétion from ethanol gave the prbddct (7.5.9, 23% yield).

Ovéra]] yield from 0cta-0—écety]—ce11obiose was-ZO%.

mp 152°C

Infrared— 3440, 3050, 2680, 1463, 1362, 1220, 1072, 915, 740, 698 cm™ .

NMR— 3.2-4.2 (envelope, IQH), 4.3-5.1 (envelope, 14.8H), 5.27 (0.33H),




| 2
7.3 (mﬁ]tip]et,_4OH) ppm. {67% p-anhomer}

NMREE 7.53 (375), 7.553 (410), 7.517 (502), 7:474 (532), 7.269 (8462),
7.24 (10158), 7.221 (5735), 7. 207 (7423) 7.172 (690),5.169
(305); 5.044 6480) 4.828 (957) 4,801 (865), 4,73 (185f) 4,654
(488); 4.548 (866), 4.504 (983), 4.474(1042), 4.365 (1720), 3.613
(831), 3.523 (856), 3.398 (629)bpm{64%-3-anomer}, |

6768710

Elemental Analysis— for C.oH.,0..S
 Calculated: . C, 75.50; Hy 6.43; S, 3.01

Found: - . C; 75.49; H, 6.57;:55 3.12

By NMR spectroscopy, the percentage oféthé"B-anomer‘wasf65;5%.'

**This NMR spectrum was obtained on a,go;MHz-Jeol instrument. | ' ‘

Preparation of the (2-benzy1oxypropanef1-0) 2,3,652‘,3';4',6'-hepta-0-

benzyl-cellobiosides gg

~ Prior to reaction, the alcohol Was;ﬁurifiéd Ey chromatography on
a 17 x 2.3 cm column, packed with'silica-gel, and eluted with sb}veﬁt
system (a), Rﬁ = 0.18. | " | o
| Mercuric‘su1fate.(0.6 g, 0.002'ﬁo])_wés added to a solution of 2-
benzyloxy-1-propanol .(0.269 g, 0.00162 mo1), and 22 (1 g, 0.0009 mol)in

" dry tetrahydrofuran (19 m1).]5

Thé'mikfu?é}Was'héfTuxed overnight, and
by thin-]ayer‘chromatography on si]ica-qeﬁ, in so]vent systém,(é),

there were three products: hepta-0- benzy1 ce110b1ose RF 0.19; , _
_(2 benzyloxypropane-1 -0) 2,3,6,2',3" 4' 6 hepta 0 benzyl-a- ce110b1o- R
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side, Ry = 0.52; and the g-anomer, R. = 0.62. The material with Ry = .
0.19? was separated‘ffom the'othér two'pfoducts by chromatography on a
17 x 2.3 cm column, packed with si]ica—ge], and e1u£ed with:so1ven£

system (a). The matérial from the two more-mobile spots were collected,

and formed a solid upon concentration (0.62 g, 59% yie]d)..

NMR— 1.2 (doublet), 3.2-4.1 (envelope), 4.2-5.1 (envelope), 5.24 (reso-
| nance typical of an «-anomer), 7.26 (multiplet) ppm.
Elemental Analysis— for C7]H76O]2_ | _
Calculated: C, 76.05; H, 6.83
Found: ' C, 76.37; H, 7.06

The mixture of material from.abqye,-was?sebarated.on all x 2.3.¢cm,.
silica-gel column, with solvent system“(m),'to gﬁve”thé;géanomer (0.368 -
g, 35% yield). | | ‘ T |

NMR—1.21 (multiplet, 3H), 2.9-5;1‘(eh9é10bé,;33H)5 7,26“(mﬁ1£1p1ét)ppm;
Theia-anomer was also obtained (0.249 g,‘24%[y1§1d). | _

NMR— 1.21 (doublet), 3.2-4.1 (ehve]ope,.jZH),'4.2?5;35(éhve10pe,V]GH),
7.26 (multiplet) ppm. SR

NOTE: By NMR,tthe free cellobiose product=appeéred;tpﬁﬁé totally. alpha..

Since the yield of this by-prpduct was approximately 41%, and the yield

of the alpha anomer was 24%,{the total yie]d of alpha products was 65%.
This 1is interesting, since the percentage of.the:startﬁng material,
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pheny1 2,3,6,2',3',4',6'—hepta—O—benzy]—B4Trthjo—ce11obioside, by NMR,
was 65.5%. '

Preparation of the (2—propah01-150) ce]fobiosidés 24

Debenzylation of both anomérs was abtomp]iSbed.by diséo]J{ng the
proquct in‘ethanol, in a microéhydkbgénatioh flask‘(Section 4), and :
addfﬁg an equal weight 6f 10% Pd/C,ThqﬁﬁxtuFeMB;<Hydfogeno]yzedoyer—
nighf wfth hydrogén, at‘7 1/2'b§i.».Aftéfjthe Hydrogenblysis was com—-
p]eﬁe, with~c0mparison.by thinflayer:cﬁrqmafééraphyﬁon.éi]jca—ge],'fn
solvent system (h), the a;anomer‘héd‘an RG-vaiue of 1. 03,'and the g-ano-

G
in solvent system (h). NMR spectra were obta1ned conf1rm1ng the prod-

mer had.anRG value of 1.11. However,the tox1n has an R va]ue of 0.72

ucts, but the sample size was small and resoTution was_not good enough

for integrationﬁ

Attempted preparation.of'(1—benzyloxyperane—2LO) 2 3 6 2 »3',4' 6"~

hepta -0- benzy] ce110b1os1des with mercur1c acetate 26 |

A chromatography column was used to:purify.the a]cdhol, simiiar-to .
" that used in the preparation of 23. Meféuffé'acetéké’(d 246 g,10.000769 -
mol, 2 eq.) was added to a solution of 1- benzy]oxy 2 -propanol (0.141 g,
0.000846 mo1, 1.1 eq.) and pheny] 2,3, 6 2' 3 ,4',6'-hepta-0- ~benzy1-1-
thioéce]1obibside (0.85 g, 0.00077-qu), 1n dry‘tetrahydrofuran (15 ml).

The reaction went to completion.when ii.Waé'héateﬂ‘at 50°C for 1.5 days.
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The reaction product was observed.by thinflayer chromatography on sili-
ca-gel, 16 so]venﬁ system (a), aﬁd a single broduét was bbserved. The
reaction mixture was filtered, concentrafed by rotary'evaporation, pla-
cedona 17 x 2.3 cm, si]ica—ge]”columh,‘énd eluted with solvent system
(a). Upon concentration, the product crysta]lized.xvFractiona] crystal |
Tization was then carried out. THe crysta]iiné-maés'was disso]ved %n
"«boi}ingjethahol,‘aftér the ethanol coo]e&'somé, 36% oflfhe méteria]
oi]ed out (Fraction #1). The remaining soiutibn wés 1eft‘at room tem-
perafuré,and 23% of the material crysta]szed-(Fraction #2). The mother
liquor was kept at 5°C, ahd 5% ckysta]]ized (Ffactioh,#3), (0.25 g, 64%
yield overall). The following table ]1sté'these fractfqns with NMRdéta

that estimates the percentage of the two obsekved.acety] protbn signals

(2.01 and 2.13 ppm).

Percentage Peak Hefght '-‘Ahdmeric Proton
2.01 PPM - '2.13.ppm  6.33 ppm 5.6 ppm
B J=3Hz J =7 Hz
a—anomer _ B-anomer
original mixture -85 100 " strong strong
Fraction #1 71 100 strong - weak
Fraction #2 ‘ 48 - 100 strong -
Fracfion #3** - 100 93 + o+

**The spectrum for this-sample had poor resolution.




Therefore, the alpha anomer could be, -in princiPJE,'fractiona11y crys-
ta]]?ZEd from the mixture of the tio acetyls. The following data were

obtained from Fraction #2:

mp 100-10°C R
NMR— {for the a-anomer} 2.13 (sing]et} 3H),:3i];4,ﬁ:(éhvé]ope, 12H),.
4.2-5.3 (envelope, 15H), 6.33 (doublet, J = 3 Hz, TH), 7.27 (mul-
tiplet, 35H) ppm. I |
NMR— {for the g-anomer} 2.01 (sing]et,ﬁBH), 371-4;1 (envelope, 12H),
- 4.2-5.3 (envelope, 15H), 5.6 (doub}ét,le);f7;27:(muitipiet; 35H)
ppm.. | |
E]ementa] Ana]ys1s for C63H660]2
Calculated: _ ¢, 74. 54 H 6. 55
Found: C, 74.30;'H? 6.72;'

‘Therefore, the only products obtained were thé‘acety]:253,6,2',3‘,436‘5
~ hepta-0- benzyl-cellobjosides, (26)." | R

After overnight hydrogeno]ys1s w1th 10% Pd/C in ethanol ata hydro-
gen pressure of 7.5 psi, the acety] der1vat1ve was observed byth1n4ay-a
er chromatography on silica-gel, in so]vent system (h) F = 0.4, RG

1.29.
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Attempted preparation of (1-benzyloxypropane-2-0) 2,3,6,2',3',4',6'-

hepta-0-benzyl-cellobiosides with phenyl mercuric acetate

Phenyl mercuric acetate (0.312 g, 0.001 mol) was added to a solu-
tion of 1-benzyloxy-2-propanol (0.164‘9,10.000987 mol), and phenyl 2,3,
6,2',3‘,4',6‘—heptaLOfbenzy]—1-thio—cé11obioside (0.96 g, 0.0009‘m01),
in dry tetrahydrofuran (10 m1). The reaction mixture was ref]u*ed;,and
it was periodically monitored by thin-layér chromatography on silica-
gel, in solvent system (a). After a fwo-Week period of reflux, without
formation of a product, the refluxing was terminated. Mercuric‘acetate
was added, and upon an overnight reflux, a single product was observed,

which corresponided to the acetate, previously obtained.

Preparation of (1-benzyloxypropane-2-0) 2,3,6,2',3‘,4',6'-hepta—0—

benzyl-cellobioside with mercuric sulfate 25

Mercuric sulfate (0.6 g, 0.001 mol) was added to a solution of 1-
benzy]oxy-Z—propano]'(0.54 g, 0.0032 motl), and phenyl 2,3,6,2',3',4',6'-
hepta—O-benzy1—1—thib—cé110bioside (i'g, 0.0069 mol), in dry tetrahydro-
furan (20 m1). The mixture was.stirred overnight at\room tempgrafure,
and partially went to completion, by observation with thin-layer chrom-
atographyjon si]ica—Qe], in solvent éyétem (a), the g-anomer has an‘RF
= 0.54, and the a-anomer has an RF = 0.47. The reaction mixture was
refluxed for seQenvdays (this time was arbitrary), and the reactfon was

complete. The reaction mixture was filtered and concentrated by rotary
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a evaporation A]] material was separated on a 17 X 2.3 cm s111ca ge]
column, w1th var1at1ons of so]vent system (a): (80:8, 200 ml); (80:10,
100 m1), and (80:15). | S |

NMR— {of the B-anomer} 1.28 (doublet, 3H), 3.1-5.3 (envelope; 33H),'.

~ 7.28 (multiplet, 40H) ppm. I |

NMR— {of the a- anomer} 1. 07 1.33 (two doub]ets, 3H) 3. 1 5.2 (enve]ope,
32H), 5 28 (doublet J = 4 Hz, 1H); 7.28 (mu]t1p]et 40H) ppm
Both the a- and B anomers were hydrogenolyzed overn1ght with equa]

.we1ghts of 10% Pd/C, in ethano] at a pressure of .7.5 ps1 They were

'observed by th1n—1ayer chromatography‘on s111cafge1, in so]vent,system

(h), the B-anomer had an R

P 0.291, R¢-= 0,96;‘the,a-anomer had an

.RF = 1.05.

= 0.317, Rq

Mi1d'ac1d hydrolysis of (2- propano] 1‘0) - ce]]ob1os1de w1thcompar1son._

thin- ]ayer chromatography to the toxin Figure 29
o (2—propano1-1-0) o= ce]]ob1os1de was added to a round bottom g]ass

- tube,, and taken up to 0 1 ml with water, Tr1f1uoroacet1c ac1d (0v02m1)

' "'was added the so1ut1on was coo]ed in an ice bath, and the open end of

the tube was then sea]ed with a torch The sea]ed tube was heated at
'80 C for 1.5 hrs, coo]ed opened and rotary evaporated to remove the
tr1fuoroacet1c ‘acid. The - reaction m1xture was comparat1ve1y‘chromato-

graphedbythin—]ayer chromatography on si]ica’ge]} in solvent systemd(h)
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to give the following Re and R, values:

| Compound RF . ) ~ Rg
glucose 0.308 10
cellobiose - 0.168 | .. 0.55
toxin | 0.205 ~ 0.666
(2-propanol-1-0) a-cello- - 0.332 . 1.08
bioside , -
(1-propano1-2-0) a-gluco- 0.476 '1.55
side | - o
(2-propano1-1-0) a-gluco- - 0.488 1.58
side “

Mild\hydro]ysié of starch to obtain g(1—4) gluco-oligomers, and their

thin-layer chromatography Figure 35

: ‘fCe11ulose (S,Spatu1a‘tips-fu1]) ‘was placed in a round bottom tube,
'ahd water (0.2 ml) was added; TrifTuoroaCétic acid (0.07 m1) was added?
the éqlutioh was cooled in an-icé{bath, and the open end of the tube
was Sea1ed with a tOPCh. -The sealed tube‘was heated at 80°C for 3 hﬁs,“ -
cooled, opehéd,‘and rotéry'eVaporated'to‘remove the trifiuoracetic‘acid
The neaction mixture was sgparatedby paper chromatography on Whatmqn_
#1 in solvent system (n). ATl glucose was removed,‘and half of the cel-
1obiése was removed, all other materials extending to the origin were

combined and a small amount of glucose was added. The mixture was placed
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on a Bio-gel P-2 chromafogrephy column, as shown in Figure 35. Frac-
tions that corresponded to the various oligomers were‘co11ected and
pooled. These pooled fractions were then'submitted to thih-1ayer’
chrematography on silica-gel, in solvent system (h), giving the RF val-

ues listed in Apperidix A.

"“CuTtUY‘es of R. secalis

The R. secalis used throughout this study was isoldtedvfrom'natu*
ra1ly1nfected bar1ey in Montana and was des1gnated the CA 75 isolate.
The disolate was grown and harvested according to the method of Aur1o1

et a1.1

Bioassay tests

Barley cultivar var. Hannchen C. I. 531, was used for all bioassay
tests. When the seedlings were 8-9 days-OTd‘(secoﬁd Jeaf stage), the
p]ants were cut with a sharp razor blade 1-2 cm above the ground, and
each cutting was placed in a m1n1ature conical tube, conta1n1ng 0.2~ O 6
ml of the soTut1on to be tested. Water blanks were simultaneously run
with all bioaesay tests. - Results of all tests were obtained‘after a. 3
day incubation period, at room femperature. Bioaésays were conducted in
the plant grthh chamber, being. environmentally cdntro]]ed at 15-24°
diurha1 cycle with 26,900 1x of combined incandescent:ahd'cool fluores -

cent Tight utilizing a 12 hr photoperiod.1
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Phenol-sulfuric acid analysis of carbohydrates

The phenol-sulfuric acid analysis was conductéd by placing an ali-
quot of a carbohydrate solution in the bottom of -a 20 ml fest tube. A
. 5% phéno]—water'solution (1 m1) was then added to the tube, with subse-
quent addition of‘cohcentréfed sulfuric acid (5 m1).4] After'a ten min
cooiing period, the tube was placed in a spéctrophotometer<to obtainits
absorbance at 490 nm. According to the results obtained from the stan-

dard curve (Section 1), 18 ug of glucose has an absorbante of 0.299.

Acetone precfpitatidn

To a concentrated extract (50 m1), 3 volumes of acetone (150 ml) at
-15°C were added. The precipitate was removed by centrifugation fdr 10
min at 20,000 x g.“The acetone was removed from the supernatant by ro-

tanyevapbration.

Dowex 50W-X8, (H') column

A Dowex 5OW—X8,‘(H+), 17 x 2.3 cm column was prepared by first rin
sing the resin with water and pouring off the fine material. The rinsed
resin waé pbuked into the column, and washed with 6N hydrbch]oric acid
(30Q m1). The acid Qas removed by washing the column with distilted
water (600 m1). The material from the aéetone precipitation step was
applied to thfs co]umn."The co1umn.was eluted with distilled Water

(150 m1).
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Dowex 1-X8, (OH™) column .

A Dowex 1-X8, (OH™), 17 x 2.3 cm column was prepaked‘by first rins
ing the resin with water and pouring off‘the fine material. The rihsed'
resin was poured into the column, and washed with 3N sodium hydroxide
(306 ml). The base was removedlby washing the column with distiJJedw
wéter (600 m]).l The material from the Dowex 50W-X8, (H+) column was -

applied directly to this cd]umn. The column was eluted with distilled |

~water (150 m1).

Bio-gel P-2 (200-400 mesh) column, 50 x 1.5 cm

The solution from the preceeding step was reduced in volume by ro-
tary evaporation to 2 m1. This solution was placed on a 50 x 1.5 cm,
Bio-gel P-2 (200-400 mesh) column, and eluted with distilted water.
Fractions containing 2 ml each were‘§o11ected,‘and.fraction numbers 20-
40 were pooled. This solution was concentrated by rotary evaporation,

with the aid of ethanol addition, obtaining a 2 ml solution.

Paper chromatography in solvent system (n)

The solution from the‘preceeding step was applied to 6-8 whafman

#1 papers, and run in descending fashion using solvent system (n). The

areas on the paper chromatogram of interest are outlined in Figure 34.

The glucoside, in this system, has an RG value of 1.6.
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Deco]orization with activated charcoa]

The areas of interest were eluted with distilled water, énd the
volume was reduced by rotary evaporation. The syrup was faken‘up with 
70%‘ethano1, and activated charcoal was added. 'The mixture was heated.
untjl just boiling, and then fi]tered throuéh Whatman #2,fi1ter paper.

- The charcoal was rinsed with 95% ethanol. The ethanolic solution was

concentrated to a syrup by rotary evaporation.

‘Bio-gel P-2 (200-400 mesh) column, 95 x 1.5 cm (Bio-gel P-2 #1)

Samples (0.7 m1) were placed on a 95 x 1.5 cm, Bio-gel P-2(200-400
mesh) column, and eluted with distilled water at room temperature. Each
fraction was comprised of 24 drops or 0.99 ml, and were coliected at a

rate-of 1 drop/13 seconds. The void volume was 49.25 ml.

Bio-gel P-2 #1 column separafﬁon\of (2—propano]—i-0) a-cellobioside

(syqthetic) Figure 39
-ffhe run was carried out in identical fashion as that described for ‘-
the operation of thé Bio;ge] P-2 #1Aco]umn. The fraction volume fdrh
this run was 1.0 ml/tube. ‘About 0.3 mg of the cellobioside was p]éced
on the column, and 0.37 mg of glucose was added for a marker. The frac-
tiohs were monitored for carbohydrate by. using phenol sulfuric acid
ana1yses.20 The B-anomer was run in identical manner as the above,

havinglan elution volume of 89 ml.
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‘Bjo-gel P-2 #1 column separation of the combined “toxin” and*origih '

_Sections‘Figﬁ?e 40 .

" The combined "toxin® (53 mg of carbohydrate) ahd.o}fgfnﬁsectiOns 
(from paper chromatography), were plaéed on the Bip—ge] pP-2 #1‘coluﬁn,
‘ ahd.e]uted‘With water,'at foom tehperature; The column f1oW fate was.a,z”
i 1 drop/9. seconds, and 24 drops or 1.0 ml, were c011ected per tube. ‘The'
fract1ons were comb1ned ten to a sample, and freeze- dr1ed Eachsamp]e
was diluted to 0.6 ml, and 0.2 ml was placed in each of two tubes for

‘xbioassaying. Figure 40 shows the results of this exberimeht.

Bio- ge1 #1 co]umn separat1on of the cellobioside section F1gure 41

The ce1]ob1os1de section (from paper chromatography), aftercomb1n
ing .the eluents of many papers, was placed on the Bio-gel P-2 #]1 column,
and eluted with distilled water, at room tempeaature..\A'flow,rate af'
T-drép/9 seconds was used, and 24 drops or 1.01 ml per,tUbé were collee -
ted. .Twenty micro-liters - from each tubeaWas analysed with phenol-sul- '

20

fUriéacid, for total carbohydrate. The elution profile is preSented

in Figure 41.

Bio-gel P-2 #1 column separation of sample cell. #1 Figure 42

The fractions with-in the peak designated as cell. #1 (Figure:41),"
were pooled and p]aced on the Bio-gel P 2 #1 column. The co]umn run was

comp]eted as prev1ous1y descr1bed for the ce110b1os1de sect1on
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Bio-gel P-2 #1<co1umn separation of sample cell. #2 Figure 43

The fractionswithin the peak.designated as cell. #2 (Figure 41),
were pooled and p1éced on the Bio-gel P-2 #1 co]uhn. The coTumn'fun

was completed as previously described for the cellobioside section.

Bio-gel P-2 (-400 mesh) column, 295.5 x 0.8 cm (Bio-gel P-2 #2 column)

separation of the sample cell. #3 Figure 44

Thelfractfons within the peak designated as cell. #3 (Figure 41),
were pooled and placed oh a 295.5 x 0.8 cm, Bio-gel P<2 (-400 mesh) col-
umn, and eluted with 0.22 micron filtered distilled water, ét a temper-
ature of 64°C. The flow réte was 1 drop/12seconds, and the ffaction
volume was 13-drops or 0.56 ml per tube. The column eluent was mqﬁitor—
ed at 192 nm, by passage throuéh a 40 ul flow cell. Ah30 ul sample, -
from each tube, was analyzed for total carbohydrate'by phenol-sulfuric

ac1'd.20

Bio- ge1 P-2 #2 co]umn separation of the g]ucos1de section Figure 45

The g]ucos1de section (comb1ned from paper chromatography of at
Teast 10 1iters of:initial fungal media) was placed on the B1o-ge1 P-2
#2 column, and eluted in Tike manner as descr%bed for samp]e'ce11 #3.
Labe]ed ]4C -glucose was added for a marker during the column run.. On
th1s same column, allyl oa-D-galactoside was eluted at a voTume of 103 m]

(Section 1).
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Benzylation of a typical carbohydrate sample isolated from R. secalis

extracts .

Sodium hydfide (0.084 g, 0.0035 mol) was added to a-SoTution'dfthe~.
carbohydrate §aﬁp1é (4.17 mg) and dioxan (10 m1). To this vigorously
stirréd solution, bénzy] chloride (0.15 g, 0.0012 mol) was added.7

The sample was refjuxed overﬁight, and when cooled, the mixture was fit
tered by suctibn through Whatman #1.f11tér paper. Thé solution was then
fi]tered‘through Whatmaﬁ #2 filter paper, and rotary evaporated at 95°C.

i

Hydrolysis of the derjvatized carbohydrates

The syrup from the previous reaction was transfered, with the aid - ‘
of chloroform, to a 2-necked flask containing g]acial acefic acid(b6m1)
at a temperature of 90°C. Boiling 2N sulfuric acid (3 ml), and concen-
trated sulfuric acid (0.84 ml) was added, and so]htion was stirred for

10 After cooling, water (50 m1) was .added, and the

24 hys at 90+2°C.
- mixture was extracted 3 times with dichloromethane (30 m1). The dich-
loromethane was removed by rotary evaporation, and the residue was neu-

tralized with a solution of saturated sodium bicarbonate. This mixture

was extracted 3 times with dich]oromethane‘(zo ml). The combined organ- _"‘

.ic Tayers were dried over anhydrous sodium sulfate, filtered, and rotary

evaporated at 95°C. This sample was now submitted for glc analysis.




256

“Glc analysis of the derivatized R.secalis samples .

Glc analyses of the derivatized samples (obtained from the brevi- -
ous reaction), were accomplished according to the methods previth]y,de§4..'
cribed. fhe_resu1ts obtained from the carbowax -column were 16cohc1u— |
sive, since impurities in the system had‘sfmﬁlar retention times as the
two isomers. The resd]ts obtained from the SE-30 co]umn_are'tabu1ated

in Table 8 and 9. Only peaks that exactly co-injected with standards

were determined to be positive.

i




~ APPENDIX A

R Values and Data Reduction for Some\O]igomérs

.From the Hydrolysate of Cellulose

The RF values were determined on silica-gel bytthin;layer chroma-

tography in solvent system (ethyl acetate-watef—methano],'84:18:35).

Compound . _Subunits Re ‘RF/ijF- 'ijg(RF/]"RF)
g1uc§se o o212 - 0269 - 0.7 |
ce1lébiosé 2 0.6 0.3 0.883
cellotriose  ~ 3 - 0.085 0.0475 ", C1.32
ce1iptetrose 4 0023 0.0235 1.63

cellopentose 5 0.0098  -.0.0099 2,004




APPENDIX B
~Elution Volumes and Data Reduction for Some g(1—4) Oligoglucose

Un1t§ Chfométographed on Bio-gel

Figuke‘35 presents the elution profi]el o ;
Elution volume = Ve B Void volume = V0_=.49.25'm1
Subunits _— Ve (ml)

1 . -2

2 ' 103.7

3. ‘ , 94.1

4 87.6

5 ' 83.16

The data reduction for the plot in Figure 36 is Tisted below.

Subunits - ~Ve/Vo - 1og(mq1ecu]ar,Wéight)
1 212 . 2.256
2 S 2.106. - 2.534 . .
3 | . Lol 2703 .
O O 2L T . 2.824
N R

1689 . .« 2.918




APPENDIX C
" Data Reduction for A Bio-gel P-2 CoTumn Separation

of a{1—4) 01igoglucose Units -

Figure.37ishow$ fhe‘cQTumn4separation, and thé‘plot'bf.the‘ﬂata.ﬂs

p}esented‘ianigUre 38 -

Elution volume = Ve | Void volume = Vo = 49.5 ml

_Subunits. . - _Ve (ml) . _Ve/Vo ‘.‘ 109(mo]ecuia?»wéight)' o
1 . I : 2.253 S am6
2 . 10525 2.126 o 2.534
3 ' 99.25 2,005 2,703

S ) 1.899 . . .co2.824 T

5 88.0 e . 2018
6 . - 8.0 . 1.657 L 2.99
7 7625 .54 3062
8 70 Cqass 3119
T 68.0 - 1.374 3.169
E 0 650 ‘113 - 3215
n 625 163 - 3256
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INTRODUCTION
Carbon-13 NMR spectroscopy, with many recent advances, has become

a useful tool for the carbohydrate chemist. There are three.texts on

1-3

]BC—NMR'(CMR), that encompass carbohydrates. There are also some

4-6

recent reviews, which discuss the use of this techniqué as a tool

for structural analysis. An article that lists nearly a complete com-

7

p11ation.ofCMR‘data for carbbhydrates is of tremendous help to the

researcher.
The assignment of configuration to glycopyranosides has been an
on-going problem in the field of carbohydrate chemistry. PMR has been

used extensively for assignment of anomeric configuration (a review by

8

Bundle and Lemieux discusses PMR), but it can not be relied upon. It

has also been suggested,8 that 1ike PMR, the_assignmént of anomeric
configuration by CMR requikes more input than just a single parameter,

i.e., the resonance of the anomeric carbon.
9,10

Some have jnvestigated more rigorous methods for evaluating

the anomeric configuration of glycopyranosides, by utilizing coupling

1

constants. The two-bond ]304 H coupling constant has an opposite sign

for the alpha (+), than for the beta (-) anomer. This sign difference
seems to be a most definitive way of assigning configurations. However,.
there seem td be many problems associated with the téchnique, and im-
provements are needed to afford a general applicable method. Two and

13,1

three bond '°C-'H coupling constants have how been obtained‘from natural
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.abundanqe ]3C NMR‘,spectr‘a.]0 The three-bond coupling constant is veny
difficult to obtain,,6n1y under the correct set of circumstances and
with the proper derivatives, can this method be useful.
Therefore, since we were confronted wjth natural products that
contafned g]uéose'and gaTactose residues, it Wa§ of ﬁhterest to search
for a simhle methodité determirie anomeric configuration."But mdre'than

that, we were interested in determining which glycosides were pfesent,

those of glucose or ga]dctose.




RESULTS AND DISCUSSION

The 1ntéres£.in assigning the aarbon atoms in the pyranose ring to '
CMR resonances developed as the result of two happenings. ‘First, the |
fourth proposed structure (Figure 40 in Section 1) for helminthosporo-
side had just been developed. Second, we obtaiaed a CMR spéctrum.of
he]mihthosporoside. Before one could Took foa an ether 1inkage in the
-carBohydrate moiety, as-suggested by the fourth strhcture, a technique
‘had to be employed for aséigning the resonances to the appropriate
carbons. A well-developed technique did not appear to ex%sthhekefora
we set out to examine the possibility of arriving at an acceptible tech-
nique for assigning resonances in the CMR spectra to carbons of the
pyranose ring system.

‘Ta approach the prob]em ‘the Titerature was searched for all comp-
ounds containing galactopyranos1des and g]ucopyranos1des AT] the CMR
resonance values were compared for each carbon atom. A very str1k1ng
relationship did e&ist; therefore, this approach was pursued.

“Appendix A lists all values found for o~ and B-galactopyranosides.
Appendix B Tist§ all values found for‘a— and B—g1ucopyranosides; For

“each compound, a value was tabu]ated for every carbon atom of the pyran-
ose ring system (C—] thru C-6). The mean values and standard dev1at1ons
are also included in Appendicies A and B. |

The interval (max. and min. values) for the resahaace values at

each carbon atom for a- and B—ga]actopyranosides and o- and B-glucopy-
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ranqsides are Tisted in Table T.

A plot of these intervals is presented in Figure ]; It is clear,
when obéerving ngure 1, that each glycopyranoside hes a definite set
of intervals, each.set being different from the other. Therefore, by
“using these intervals, one could, in principle, not only predict the
eatere of the carbohydrate moiety, but determine whether it was the

alpha or beta enomer.

Table 1. Resonance interval at eaeh.carbon‘éﬁom for galacto- and

glucopyranosides, in pbm with external'TMSJas reference.

Cl c2 c3 : ca c5 c6
o-galactopyranosides 99.1-100.5 69.4-69.8 70.6-70.7 69.8-70.7 70.7-72.0 62.2-62.3
B-galactopyranosides 103.0-105.5 71.05-72.9 72.6-74.0, 68.6-69.9 75.4-76.55 61.1-62.55
a-glucopyranosides’ . 93.0-101.1 72.5-74.3 73.7-74.8 70.3-71.4 72.1-73.9 61.3-62.5 '
8~-glucopyranosides 103.5-104.6  73.8-75.1 75.7-77.8 70.5-71.2 75.5-77.3 - 61.4-62.5

In order to explore the range of usefullness for this method, the
CMR spectrum was.obtained for a number of‘synthetic derivatives (which

were discussed in Sections 1 and 2). Appendix C Tists the CMR resonan-

ces for carbons of the pyranose system for synthetic a- and g-D-galacto.

pyranosides. A plot of these resonance values is presented in Figure 2.

It is very interesting that all resonances for both the alpha‘and beta

compounds fall on the appropriate interval boxes. Note: the compounds,
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272 ‘
allyl, (2,3-propanediol-1-0), and (2-propanol-1-0) were not 1ncloded'
in the set of resonances used for obtaining the intervals, since the
CMR spectra of these compounds are not in the literature.

Appendix-D 1tsts the CMR resonances for carbons of the pyranose
system for synthetic a- and g-D-glucopyranosides. A plot of these res-
onance Ya1ues is presented in Figure 3. Again, all resonances fall on
the approprtate interval boxes, except for that of C-2 in (T-propano1—
2-0) o-D-glucopyranoside. It seems reasonable that since two reSOnanc-
es are observed for the three carbons of the aglycone, C-1, and C-2 of
the pyranose ring, that the hydroxyl group of the ag]ycone is probab]y
hydrogen bonded to the C-2‘hydroxy1 of the pyranose ring system Since
there is an asymmetr1c center in the ag1ycone two conformers wou]d be
' expected to be observed |
To observe a compar1son of the 13
pyran051de and an o-D- glucopyranoside, spectra of the methy1 der1vat1ves
are shown in Figure 4. Even though the resonances of. the two compounds
are some what'similar,‘by observation, the differences are quite clear.
As shown ear11er, by standard deviations (shown‘in Appendicies) and

w1th the graph1ca1 treatments, these differences in resonance va]ues

are significantly d1fferent.

At this juncture, the resonances obtained from the first CMR spect--

rum of helminthosporoside were compared with the_pyranose interval dia-

gram (Figure 5).° The only possibTe match, was that of-a B-D-glucopyran '

C-NMR spectra for an o-D- galacto-l

)
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oside, with a substitution at C-2. The effect observed (6-8 ppm shift
down fTe]d) by substitution on the pyranose system, forming an ether

~has previously been noted. %11

However, this result seemed: to be- con-
. trary tothe accepted fact that da]dcfose was present. Thfs observation
is what led us into a program for‘re—fsolation of he]miﬁthdsporoéide;

. After re-isolation, 'a CMR spectrum again was.obtajned for helmin-
thosporoside. More resonances (with Tess intensity) were then observed,
along with most of the resonances observed in spectrum #1 (Section 1).
.Sincé mass spectfoscopy revealed two carbohydrate residues, linkage anal-
ysié Qas obtained (Section‘1). This analysis, undertaken by two ihdef_
pendgnt groups, showed the presence of a-terminal ga]éctofuranosy1 fés—
idue, and either a 4-Tinked galactopyranosyl or‘a 5-11nked ga]actpfuran;
osy] residue. | | |
| The question at this junctUre'was, are the CMR resonances %or the
D—ga]actofurahosides enough different from those of thé.D4ga1actopyran-
osides,‘so that they may bé used for structure.Verificafion and anomerk;
~configuration assignment? After searching thé.Titerature, all tompoundsﬁ
containing;a- or g-D-galactofuranosides are ]1sted‘ in Appehdfx E,,and
all tompounds containing a- or'B—D—glucofuranosides'are Tisted iﬁ
Appeﬁdix F. For each cqmpound;a value waé tabulated fof every carbonﬁf
the furan r{ng system (C-1 thru.C-G). The mean values and standard
deviations (whére app]jcab]é) afe“a1so included in Appendicies E aﬁd F. .

. The interval (max. and min. values) for the resonance-values at




‘g aunBLy

{ug@ﬁepp‘ieAJa;u} aSOMEJNd'aqq‘oi_episOJOdSOQiu;w o

[ep]
o
-3
.
m .
Y
—
0.
o
=
o
—h
i
=
2
()
=
=
I
[0
w0
o
=
Q0
>
x
o
-
N
=i
D
-0
'c*'—
=Y
o
=
e
—
S
.—h
o
S
=
®
—r
t

[Il”

@éD-gélaptOQYranosidés

=

ERE

" -g-D-galactopyranosides

» mce

T ] Jti -

«-D-glucopyranosides

[:]CS

L12

| T

BeD—glucopyraposides

ik

:_,fﬁelmintﬁosporoside, CMR spectrum #1

ST ¥ e T T T T 1 —.
. 1l0 108 104 . 1000 96 92 &8 84 76 72 68 64 60
I ' S ppm '




278
each carbon atom for o- and g-D-galactofuranosides, and a- and g-D-glu-

cofuranosides are Tisted in Table 2.

‘Table 2. Resonance interval at each carbon atom'fof galacto- and

g]ueofuranosides, in ppm with external TMS as reference.

1 c2 c3 BV c5 - c6
a-D-galactofuranosides  103.1-103.8 77.4-78.2 75.5-76.2 82.3-83.1 73.7-74.5 63.4-64.1
8-D-galactofuranosides  108.0-109.9 81.3-82.4 77.5-78.4 B2.4-84.7 7T.6-72.0 60.9-63.9
a-D-glucofuranosides. 1081 77.7 . 76.6- 78.8 © 70.7 " 64.2
8-D-glucofuranosides 110.0 - 80.6 75.8  82.3 70.7 64.7

A b]ot of these_inferva]s is presented in Figure 6. It is c]eér,
when observing Figure 6, that each glycofuranoside has aidefinite set
of intervals or resonances; each set being different from the éther.
fhis-is the same situation7aslbbserVed'for the g1ycopyranosideé; There-
fore, with the g]ycofuranosjdeS'as with the glycopyranosides, one could,
in principie, by using these intervals not‘only prédjctithé'nature of
the carbohydrate moiety, but determine whether it was the'a]phé or beta
énomer. To show thevcorfe]ation‘of CMR resonances for the pyran and
furan rihg system 6f the D;galagtosideé and‘D-gJucosjdes, a:diagram~Was
-constructed, as shown in Eigure'7. When observing Figuke'7, it is c]eaf
'thétueach of the e%ghf structUka1fsystems has a differentéetxﬁ:signals.

1W1érefore, in prihci[31e,'this CMR method cdu1d verify the presehce
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‘of galactose or g]ucose, be able. to determine its r1ng structure, and
anomer1c conf1gurat1on | '

S1nce the only carbohydrate found 1n he1m1nthosporos1de was ga]ac—:'
tose “and s1nce no D- g]ucos1de structure wou]d f1t the resonances, the .
~ resonances perta1n1ng to carbohydrates 1n the CMR spectrum #2 were com-
pared only to the ngalactos1de structures (F1gure 8). ”Spectrum;#Z
contains all the resonances observed in the carbohydrate region. The
next\]ine, spectrum #2‘mtnus the resonances from the ag1ycone, contatnp
all resonances from_spectrum #2 minus the small resonances (which‘have ,l
1ntensit1es simi1ar to the ag]ycone) By these compartsons, it seems
reasonab]e that ga]actose exists in he1m1nthosporos1de 1n only the furan
r1ng system Th1s in part, corre]ates with the methy]at1on stud1es,
that determined a term1na1 ga]actofuranosy] res1due as one of the tWO
'reS]dues. One can a]so conclude from this. comparison that only the
beta configuration is,present.' | | o

To help makerthis more clear since the combined resonances of a

disaccharide can be comp]ex the tentat1ve ass1gnments of the carbons1n _—

the two ga]actose res1dues are presented in F1gure 9. The ass1gnments
-for the 1nterna1 and terminal B D ga]actofuranosy] residues depend on
the poss1b1e groupjng of three resonances at two different poss1t1ons-_;
in the CMR spectrun. The resonance observed at 81;9t ppm, has the larg-
est intensity of any_resonance, and'isfbroader,than any single reson-

ance. Therefore, one can easily Suggest'the possibility that this res-
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. onance is a compination of C-2 and C-4 of the interna1.residUe, andtC—Z_ .
of the termina]-residoe. .A1so,,three resonances must be'assigned for-
"‘:the two obseryed resonances at 76.771 and -77.122 ppm. - The intensity of
the‘resonance at 77.122 1is the secondtlargest in the entire spectrqm,
-and the combdned peak at 76.771. and 77.122 ppm %é very broad, nore'than‘
twou]d be expected for on1y two: resonances By COmparison of observed
resonances and by tentat1ye ass1gnment the resonances for thetwoga1ac-
'tose residues fit on]y for that of B—D-ga]actofuranosy] res1dues, one
"being a termina] BQD—galactoturanosyl, and the other being a Selinked
B-D—Qa1actofuranosyT residue. | | | |
.However, there is a proh]em with the overall 1nterpretation; that
' is, the_signa1 intensities for the aglycone are much less than that for
the carbohydrate signais There is Titerature precedent for this phe-
" nomenon for examp1e var1at1ons in segmenta1 motion have been associated
i w1th d1fferences in sp1n 1att1ce re]axat1on t1mes (T ) of the nuc1e1

'In the "part1a11y re1axed" FT spectrum of stachyose,12a

:the‘nuc1e1 of
: -the term1na1 ga]actose residue have Ionger T] valuesrthan‘dofthose of
the 1nterna1 ga]actose ' By using the difference'in‘T1 va]ues an exper-
1ment was conducted with a va1ue of 0.34 secs, with the result that
one set of ga]actose resonances (terminal) was nu11ed Th1s was ascr1bed
'.to the free rotat1on and greater mob111ty of the term1na1 ga]actose In

12b 12c

“;the CMR spectra of 1 octano] and 1 -decanol there was a gradua1

';1ncrease in T] mov1ng from the hydroxy1ated end to the CH3 group end.
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- Th1s is 1nd1cat1ve of s]ower movement of the hydroxy]ated end due to

hydrogen bond1ng whereas the non-hydroxylated end would be free to movej

"or ”w1gg]e This. same effect wou]d be expected in he1m1nthosporos1de,.f

W1th deuterium ox1de as so]vent hydrogen bond1ng to the hydroxyls of

the carbohydrate moietys. shou]d cause these moietys to have restr1cted

, movement 1ead1ng-to short (T])s. The very non- po]ar ag]ycone wou]d be -

expected to have a 1ot of movement 1ead1ng to long (Ti)s.‘ |




. SUMMARY
The 13C—NMR method proposed here, for identification of gluco- and
'ga1actopyranosides and'furanosides, and for assignment of anomeric con-

<f1gurat1on, appears to be a s1mp1e but useful method. The most practi-

- .cal area of use for this method would be that of natural productsstruc-

ture determination. This technique would also be .useful for anomer
verification fn‘synthetfc studies.

By comparing the CMR resonances of helminthosporoside to the inteﬁ
val diagrams, ‘assignments can be made'that a1iow one to suggési the
"presence 6f a terminal g-D-galactofuranosyl residue,_anﬂ an internal

5-Tinked g-D-galactofuranosyl residue.




EXPERIMENTAL .
A1l CMR spectra were obtained on an FX 100 FT NMR, by James S.
Frye at the CSU Regiona]‘NMR‘Center,'Department of Chemistry; Co]qrado
State University, Fort Collins, CO 80523.
A]] data, were obtained with respect to DSS substituted. For
compar1son on the interval d1agrams, all values were converted to exter

nal TMS.




APPENDIX A

CMR Data for a- and g-D-galactopyranosides

a-D-galactopyranosides

Compound Ref. Cl C2 C3 C4 C5 C6

methyl a-D-galactopy- )
ranoside 13 100.5 69.4 70.6 70.4 71.8 62.3

terminal galactose in

raffinose 12 99.5 69.6° 70.6b 70.6 71.9 62.2

terminal galactose in " b

stachyose 12 99.1 69.6° 70.7° 70.7 72.0 62.2

internal galactose in 5 b &

stachyose 12 99.4 69.8 70.7° 69.8 70.7 67.5
mean 99.6 69.6 70.6 70.4 71.6 62.2
S 0.6076 0.1633 0.0577 0.4031 0.6055 0.0577

%These numbers have been interchanged with those designated (b), since

their reported assignments were similar to those of Perlin et a].]4

®The downfield shift of this resonance is due to substitution.
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B-D-galactopyranosides

Compound Ref. Cl C2 C3 C4 C5 C6

methyl g-D-galactopy-
ranoside 13 104.9 71.8 73.9 69.8 76.2 62.1
terminal galactose 1lin-
ked (1+4) to rhamnose 16  104.9 72.9 74.0 69.8 76.4 62.1
terminal galactose lin-
ked (1+3) to rhamnose 6  105.5 72.4 73.8 6%.9 76.3 6&.3
terminal galactose in
lactose 17 - 1040 2.2 73.9 69.8 76.3 ' 62.4
terminal galactose in
lactose 18  103.0 71.05,72.6 68.6 75.4  61.1
terminal galactose in
methyl g-lactose W OReT .l 73,9 T BB 6.4 62}
terminal galactose in
methyl g-lactose 18 108.14¢ 72.2 73.8 ©69.8 76.55 62.5%

mean woe.s 2.1 73,7 9.6 76.2 . 82

0.8143 0.5689 0.4899 0.4614 0.3784 0.4518



APPENDIX B

CMR Data for a- and B-D-glucopyranosides

a-D-glucopyranosides

Compound Ref. C1 C2 C3 C4 C5 C6

methyl o-D-glucopyran-

oside 13 108.3  7¢2.6  74.2 H.6 J2.7  B1.7
methyl a-D-glucopyran-

oside 2 Wy 728 cIE LT . 1.3 BTl
methyl o-D-glucopyran-

oside 19 00.5 73.1 74.8 71.8 J2.8 &G2.3
terminal glucose in

a-maltose 7 1009 3.8 .73.8 0.7 . 73.0 68
terminal glucose in

a-maltose 19 1040 M.3 746 71.0° 73.4 62.5
terminal glucose in

g-maltose 19 1W1.0 74.3 4.6 71.0 173.4 62.5
terminal glucose in

methyl g-maltoside 17 100.8 74.1 74.1 70.6 72.9 61.9
terminal glucose in

methyl B-maltoside 19 101.) 74.3 74.6 70,9 73.4 @ 62.3
glucose in sucrose 17 93.1 .4 73.9 W5 J&.2 61.8
glucose in sucrose 12 g3.0 73.3 V3.7 0.3 72.1 Bl:3
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' Compound . Ref. €I - C2 €3 C4  C5 . - C6
ring B g]ucoée in. ' o = ;. ‘ )
stachyose 12 93.1- 73.9 73.9 70.7 73.9 67.1%
ring B glucose in S | : R

- raffinose 12 93.0 73.9 .73.9 70.6 73.9 67.2°
‘mean 0 98.2 73.6 742 70.8 '73.0 - 61.97
s | 3.7843 0.6562 0.3729 0.2876 0.6164°0.4111

The downfield shift of this resonance is due to substitution.




g-D-glucopyranosides
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Compound Ref. Cl C2 C3 C4 LD Cé
methyl g-D-glucopyran-
oside 13 104.3 74.2 76.9 70.8 76.9 61.
methyl g-D-glucopyran-
oside 2 ez 78,1 %9 10.7 76.8 86l
methyl g-D-glucopyran-
oside 19 1085 746 .3 .2 71.3 B2l
terminal glucose in
a-cellobiose 17 W85 . 74.3 76,9 0.7 76,9 61
terminal glucose in
a-cellobiose (b S 0 R P R & e JIVRY T SRR B SRR
terminal glucose in
g-cellobiose 17 103.5 74.3 76.6 70.7 76.9 61.
terminal glucose in
g-cellobiose 9 1W03.9 M7 J1.2 N.1. 11.2 62,
terminal glucose in
methyl g-cellobioside 7 18.r M.a N0 0.7 7169 @ 81,
terminal glucose in
methyl g-cellobioside 19 - 108.9 W6 115 N2 11.2 6.
internal glucose in 4
methyl g-cellobioside i 42 1.0 157 8.17 75.5 @ 6l.
internal glucose in 4
methyl g-cellobioside 19  104.5 74.2 T6.4  80.3" 75.9 61,
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. (1+4) to rhamnose

b

77.0

Compound Ref.  Cl c2 c3 ¢4 c5 . C6

internal glucose in . _ . : : |

methyl g-maltoside 17 104.1 73.8 75.7 . 78.4% 77.3 61.7
-intepnal g]ucbse in ‘

methyl B—majtoside 19 104.4 74.6 77.8° 78.7% 76.1 62.3
internal glucose in : . B
_methyl g-Tlactose 17 104.1 73.9 75.8 79.8%.75.6 61.4
terminal gTucdse in

a-laminaribiose 19 103.9 74.8 77. 7.2 77.1  62.4 -
terminal glucose - in |

g-Taminaribiose 19 103.9 74.8 77. 71.2 77.1 62.4
terﬁjna] glucose in o :

a-geptiobiose 19 103.8 74.5 77.1 71.1  77.1  62.5
terminal glucose in S . -
B+gehtiobiose' 19 103.8 74.5 77. 1.1 77.1 62.5
termjnaT g]ubose in . , .

- methyl g-gentiobiose 19 104.0 . 74.0 77.2 71.0 77.2 62.5
intérna] glucose 1in ' | : a
a-gentiotriose 19 103.7 74.6 77.1 71.2 76.1 70.0
terminal glucose in ,
a-gentiotriose 19 103.7 74.6 77. 71.0 77.1 62.4
internal glucose in : 2
B—gentiotribse 19 103.7 74.6 77. 71.0 76.1 70.0
terminal glucose -in . ,
g-gentiotriose 19 103.7. 74.6 77. 71.0 77.17 62.4
terminal glucose : ‘ -

(1-3) to rhamnose 16 105.0 74.7 76. 70.8 76.9 61.9
fermina] glucose _ ‘ -
16 104.4 75.1 77. 70.8 - 61.9
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Compound Ref. €1 C2 €3 . C4 C5 (6

-terminal glucose '
(1+2) to rhamnose 16 104.6 74.5 77.0 70.5 76.7 61.7
mean 104.0 74.4 76.9 71.0 76.8 62.1

s . 0.3698 0.31400.5078 0.2158 0.5359 0.3615

The downfield shift of the resonance is due‘to‘substitution. '




APPENDIX C

CMR Data for Synthesized o~ and B—D~ga1attopyrano$ide$n

Compound ___ Stand. ¢l e c3 ¢4 €5  C6 -

- methyl a-D- ga]actopy- - a . U . o - - o
- ranogide o A% 1017 70:6 71.9 71.6 731 636
A 100.3  69.2-.70.5 70.2. 71.7 62.2 & -

T~

a11y1 a-D- galactopy- S = : ‘ . i
._ranos1de A 99.9 .70.6 71.9 71.7 73.4 63.7

B 98.5 .69.2 70.6 70.3° 72.0 62.3

(2,3-propanediol-1-0) o C e S
_a-D-galactopyranoside A 101.3 71.0 - 71.8° 71.8° 73.0 63.8

B, -.99.9 69.6 70.4° 70.4° 71.6. 62.4

(2;propano1-1-0) a-D- S d .- _ o
galactopyranoside A 101.1° 70.9 . 71.9. - 71.7 ~73.3 63.4
| - ©100.6 c S
B 99.8% 69.6 70.6 70.4 72.0 - 62.3
99.2 ' : S
- methy] B-D- ga]actopy~ a ) o ‘ S
. ranos1de ‘ - B '104;9 71.8 73.9 69.8 76.2 62.1

aRéférence standard is DSS sUbstitutedQ
bReférehce stahdard is external TMS..

‘?The§g signals ‘were not resolved.

dThege values resulted from diasterjomers, at C-2 of the aglycone.




APPENDIX D

CMR Data for Synthesized a- and B-D—g]ucopyrandsides

Compound Stand. _C1 C2 3 C4- C5  C6

methyl a-D-glucopyran- a ' '
oside (sigma) A 101.7 73.7 75,6 72.0 74.0 63.2

8 100.3° 72.4° 74.2 .70.6 72.7 61.8.

(1-propanol-2-0) a-D-

- glucopyranoside A 100.6° 78.2Cd 75.5° 72.1 74.4 63.0
S 98.0  75.5 |

B 99.3° 76.8%9 74.1 70.7 73.0 61.7
9.6 74.1 | |

mefhyl,s-D;§1ucopyrah- ' _ | '
oside (sigma) 106.2  76.1 78.84 72.7 78.75 63.8

104.8 74.7 77.5 71.3  77.4 62.A

o =

aReference standard is DSS substituted.

bRefgrehce standara is external TMS. _

CTheée values rés&]ted‘from the diasterohers at-C-2 of the aglycone.
dThe;é va]ugsscduld not be unambiéuous]y assigned by combarison of

intensities, since one signal coincided with the resonance for C-3.




APPENDIX E

CMR Data for o- and g-D-galactofuranosides

a-D-galactofuranosides

Compound Ref. Cl C2 C3 C4 C5 Cé
methyl a-D-galacto-
furanoside 20 103.1 77.4 15.5 82.3 73.7 63.4
methyl a-D-galacto-
furanoside 21 103.8 78.2 76.2 83.1 74.5 64.1
mean 103.4 77.8 75.8 82.7 74.1 63.7
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H OR
CQOH 0
H
0 H
[ "E
H
OH

g-D-galactofuranosides

Compound Ref. Cl C2 C3 C4 C5 C6

methyl g-D-galacto-
furanoside 20 109.2 81.9 77.8 84.0 72.0 63.9
methyl g-D-galacto-
furanoside 21 109.9 81.3 78.4 84.7 71.7 63.6
terminal residue in
galactofuranotetraose 22 108.2 82.4 77.5 83.7 71.6 63.8
internal residue in A
galactofuranotetraose 2¢ 108,.0 82.4 77.5 B82.4 76.6° 62.1
methyl 5-methyl-g-D- a
galactofuranoside 22 109.0 81.8 77.8 83.4 81.8° 60.9

mean 108.9 82.0 77.8 83.6 71.8 62.9

0.7733 0.4615 0.3674 0.8444 0.2082 1.3160

aThe downfield shift of the resonance is due to substitution.



APPENDIX F

CMR Data for a- and g-D-glucofuranosides

a-D-glucofuranosides

Compound Ref. Cl C2 C3 C4 £D Cé6

methyl a-D-gluco-
furanoside 21 104.0 77.7 76.6 78.8 70.7 64.2

B-D-glucofuranosides

Compound Ref. Cl C2 C3 C4 D Cé

methyl g-D-gluco-
furanoside 21 NecH 86 758 B2.3 0.7 BRI
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INTRODUCTION
During the investigative process?‘described_in Se;tions 1 and 2,
and ;hrough'efforts in other unre]ateﬂ projects, various kinds of ndn-
Standard 1aBoratory apﬁaratus were required. This Section describes, -
in some detdi],.the different pieces of épparatus that had been con-

_structed during the course of this study. -




~RESULTS AND DISCUSSION

Since we ‘often dealt with small amounts of natural products,_1t
beeame necessary to obtain IR spectra of KBr‘pe1Tets-containingznot
more than 100 rg of -a particular conpqund. Topbtain high resolution
épectra,.the pe11ets were shipped through the‘maii, and run on an ET'
IR §pectrometer. To be certain that the‘peTIet WOqudarr1Ve at its
'destination in one piece, 'the IR Pellet Tranépdrteriwas bui]tl A draw-
1ng of the exter1or is presented in Figure 1 F1gures 2 and 3 show the :
'draw1ngs of the top and bottom and side views for the Top Unit of the :
'IR Pe]]et Transporter F1gures 4 and 5 show the draw1ngs of the top
and bottom and s1de v1ews for the Bottom Un1t

-The pe]]ets were pressed into small paper d1scs, (obta1ned from
Var1an) 1.3 cm 1n diameter, wh1ch have a rectangu1ar hole in the
-center. After the -pellet was mounted in the IR Pellet Transporter, the
Traneporter was placed in a box (containing a desiccant), and surrounded

by fpam. During the shipping process, no pellets were broken.




LEGEND: Sealte:.  1.6" = 1"
s

g Bsw N

308

5/16" x 1" brass machine screws
3/8" brass washers
groove-optional

Mitchel Thompson

moisture ports, 1/16" = .062

urethane bond for securing _

the washers

drawn by

wood putty

/ designed by ROSS Beier

Pellet Transporter

Figure 1. A drawing of the exterior of the IR Pellet Transporter.
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The Disc-Gel Band Enhancement Apparatus (DG-BEA), was built to aid
in the visualization and'phofography of‘bandé‘Within‘disc—gelé. The
1egehd and dimensions\éf the apparatus afe presented in Figure 6. Fig-
ure 7 shows a drawing‘of the exterior of the DG—BEA, #nd Figure.8 shows
a dréwing of the 1nterior and back of the apparatus. One can obseryé.
or photbgréph ZT éepardte disc-gels at a time.. Tﬁe-wanOW‘of the box -
. was made of transleucent plexiglass, with tranﬁparent'rai1s (for holding
tubes) above and below the window. A shuttef'assemb1y was included,
that would s11de_in-frbnt of the w%ndow, through tracks provided in the
rails. This shutter w6u1d stop the extraneous 1ight between tubes from
washjng-out the small bands. §o]id‘shutters-made of colored plastics .

~could be emp16yed, to aid in photographing particular colored bands.
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Figure 6. Legend and dimensions of the Disc-Gel Band Enhance-

ment Apparatus.
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Figure 8. A drawing of the interior and back of the DG-BEA.
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Because of problems we encountered.during an attempted hydrogenol-
'ysis reaction of (3-oxetany1) 2,3,4,6-tetra-0-benzy1-B-Dﬁga1actopyran-
_ oside, (29), (Section 1), it was decided to attemptva‘high pressure (1000
psi) hydrogenolysis. This reaction would have to be ynder takeﬁ in a
Parr Bomb. Since oﬁr sample size was only about 5 ml tbta1,'and the
{nter%or of fhe Parr Bomb was grossly coated wfth tar and debris, a
reactfon vessel and holder was required. Figure 9 shows a'drawihg of
the Parr Bomb Micro Sahﬁ]e Holder. The glass reaction vessel was blown
from a glass tube (I. D. = 19 mm). The supporting holder was made féom
kiln dried wood. The cuf-outs marked‘A, are drawings of the top and
bottoﬁ surfaces of the base plate. The.cut-outs marked B; are drawings
of the top and bottom surfaces of the top plate. The two dowels, marked
G anﬁ D, pass through both plates, holding the apparatus togefher. The
doWe] marked C, is statfonary,,and Waé used‘oh1y as a support. But the

dowe] marked D, is free to rotate, and thds the sample vessel in posi-

tion.
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Figure 9.

A drawing of the Parr Bomb Micro Sample Holder.
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When dea1ieg with small quantities of reaction products that re-

quiredsUbsequenthydrogeno1ysis, to be able to observe a change in hydro-
gen pressure, a sma]1 hydrogenation appardtus was requifed. A drawing -
of the Micro Hydrogenation Apparatus is depicted in Figure 10. Letter
A represents a thick-walled rubber tube, B is a tubevof'po1ycafbonate
usedfas'a shield, C is'the reaction vesse1, and D represents a magnefic
" stirper. The reaction vessel was made from a thick-walled connecting

Ctube. A flat bottom was -blown, to facilitate the use of a 9 mm stir bar

Figure 10. A drawing of the Micro Hydrogenation Apparatus.
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It was conSidered‘that a good'aha]ytical Bio~gel column could be
of use during the 1so]afion of he]minthosporbside and various rhyncﬁéQ
sporoSides. Therefore, a 295.5 x 0.8 cm, Bio-gel P-2 (-400 mesh) coiumn
was constructed.A A.phptograph of this coiumn, mounted in working con-
dition, is shown 1in Figure 11. This column was mounted‘on‘a kiln dried.
WOoden frame, so that it could be released from verticle and transpor-
ted on the frame. Figure 12 is a drawing of the column, showing the
1 distribution of the water jaékets. With the water jackets p]aced in
this manner, ohe‘can achieve a column run at one temperature, or with.
a temperature gradient. Each jacket had a separate Tine, which came
from a 6~way streah‘splitter; and each']ine'had a clamp to regulate the
flow of"water,_.Thé'water was held at a particﬁ]ar.température'By_using
a circu]atihg water bath. | |
. The water used to elute the column, was kept-in a 3-necked, 1-Titer
f]ask, and'heated'With a heating mantel t§ the température'of the column
The Water was puhped_vertica]]y thfough the column By a mini pump, and
priof to entering the column, the water p&ssed through a mi]]iporea
0.22 u filter.
| To check the sepération capabf]ities of the column, a solution con
taining DeXtran.T40; maltotriose, cellobiose, and glucose waé passed
over the column (Figure 13). This separafion occured at a'temperature
of 44°C, and a flow rate of 1 drop/6 secs. If the flow r’ate was decrea:séd

~to 1 drop/13 secé, the separation improved, as shown in Figure 14.




Figure 11. A photo of the 295.5 x 0.8 cm, Bio-gel P-2 (-400 mesh)

chromatography column.
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Figure 13. Column separation at a temperature of 44°C, and a

flow rate of 1 drop/6 secs.
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When the;temperature was ihcreased to 64°C, the separation Eontinuedwto‘
improve, as shown in Figure 15. For comparison, a co]umh separation'oh
é 1.meter, Bio-ge] P-2 (200-400 mesh) column, gives a s%ng]e broad peak
for maltotriose and cellobiose. | |

Becausé we wanted to use UV detection during separation of the
foxins, a uv detectof having a 40 pl1 flow-cell was used. A number bf
runs were made using this dectectof, allowing us to become familiar with
the system, Figure 16 depicts a co]umn-ruh of the sfandard solution,

~moni;bred at 192 nm. There was approximately 1 mg‘of'each compound in
the‘;tandard solution. -

The series of g1uc6sy1 &(L+4)o]igosaccharides were Qf interest to
separate on the column, for comparisén with.éarbohydratés‘iso]ated from
fungal cu1tures.‘ A corn syrup hydrolysate was obtained,] and separated
on fhe column (Figure 17). In the Figure, the G's represent glucose
and‘the subscript represents the number of residues in the oTigomer.
The plot of Ve/Vo vs. log(molecular weight) for this column run is de-
lineated in Figure 18. It is interesting that carbohydrates having up
“to 15 subunits are observed. | |

There have been two reports discussjng separation of hbmo]ogoqs

- glucose oligomers with pb]yacry1amidé géis.2‘3 In both cases, the 1argf.
est pbserved oligomer on a Bio-gel P-2 (-400 mesh) column was G]l.'iny
when‘a'Bio-ge1 P-4 column was used, d1‘d-G]5 appear.B.Separation ofthese.

oligomers, was also attempted by high-pressure 1iquid chromatography
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Table 1. ETUtion\vo]umes and their data reduction from the column

“separation of a corn;syrup hydrolysate.

)

Oligomer ~ Ve(ml) _ | Ve/Vo ‘ 1og(mo1ecu1ar weight)

& 1134 2.3 2.256
6 - 1052 213 2.53%
6. 984 1.9 2,703
6 92.0 1.87 . 2.8
65 8.3 175 2.918
6. = 8l.4 1.65 2.996
6, 77.2 1.57 3.062

6. j | ,73;3. 1.49 3119
6 6.4 1@ 3.169
Glop. °  66.0 1.34 3.215
Gli_  o 62.6 1.27 3.256
6, - - 60.4 L2 3.293 .
G5 . 58.7 119 3.328
Gyg - 57.0 1.16 3.359
65 - 55.9  1.13 $3.389
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(HPLC), using Partisil-10 PAC,4 but the separation was not as good as

with the polyacrylamide water-eluted columns.

234 ©
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2.2 24 26 28 3.0 3.2 34

log(molecular weight)

Figure 18. Plot of Ve/Vo vs. log(molecular weight) for the

oligosaccharides in corn syrup.



| SUMMARY
A11 apparatus discussed here, except for the Disc-Gel BandEnhanCe-
ment Apparatus, adequately met-the intended need. The DG-BEA func~ -
tionéd satisfactorily, énd was indeed used, but fhree flourescent Tamps
behind the window, instead of only two, would be better.
The Bio—Qe] p-2 (-400 mesh)-co}umn was a good‘example of an‘{nex-
pensive way to obtaiﬁ an.exce11ent separétion 1ns£fument; Its sépara-

tion potential appears to.exceed that of any previously reported method.




EXPERIMENTAL

Throughout this work absorbances, for phenol- su1fur1c acid’ deter— :
minations, were_obta1ned oh a Bausch and Lomb Spectron1c 70, and column -
effluents were honitored on a Gilson Ho?ioohrome variable wavelength

monitor.

Construction of the Bio-gel column

"The column was mado by joining thiok?wa11 glass tubing (ID = 0.8
cm) ;ogether formfng a nine foot oo1umn. Two, 4" pieces of g1ass tubing -
(ID % 0.9 cm) were joined at the ends of the nine foot tube, ‘to a11ow-
“the proper screw-0n connections to. be made. Prior to attach1ng the 1ast E
q" pféce, six;17“ wétef‘jackets With rubber sea]s (obta1ned from o1d
condensers),‘Were sl{pped on the co1umni The column was mounted on a
brocket made of kiln dried wood, and this assembly Was(mountéd vertical-
1y on a wall. The flow rate of the column was obtained with the help
of amini pump, which can be obtained from the Milton Roy Company, St.

Peteksburg,_FTorida‘(D-19-60029~001)i

'Carbohydrate determination by pheno] =suTfuric ac1d

~The phenol= su1fur1c acid analysis was conducted by placing an
a11quot of carbohydrate so1ut1on in the bottom of a 20 ml test tubéa A

5% pheno1~water solution (1 m1) was then added to the tube, with subse-

41

quent add1t1on of concentrated su1fur1c acid (5 m1).*" After a ten mjn'
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cooling per1od the tube was p]aced in a spectrophotometer to obta1n
its absorbance at 490 nm. Accord1ng to the resu]ts obtained from the

standard’curye (Section ]), 18 ug of g]ucose has an absorbance of 0.299.

'Determ1nat1on of the included volume

| "A solution (O 25 ml) conta1n1ng about 0.5 mg of g]ucose and triti-
ated water (a few m1cro11ters), was placed on the column. The f]ow rate
was 1 drop/12 secs, co]]ect1ng 13 drops or 0.56 ml/tube. The column was
run at a temperature of 65°C. Glucose was detected by pheno] su]fur1c
ac1d determ1nat1on, and tritium was counted us1ng a sc1nt111at1on coun-

.ter.‘ The elution volume of g]ucose was 113 2 ml, and that of the tr1t1-

ated water was: 131 7 ml.

Co]umn separation at a temperature of 44°C, and a f1ow rate of 1 drop/6 .

secs Figure 13

A standard so1ut1on containing about 1 mg each of Dextran T40
maTtotr1ose, ce110b1ose? and glucose in 0.25 ml water, ‘was p]aced_on the.
lcolqmn;i.The:f1ow,rate was 1 drop/6 secs, collecting 13.dropslor 0.56 ml
per'tube. The'co1umn was run at a temoerature of 44°C. Each tuhe‘was

monitored for total carbohydrate by the phenol-sulfuric acid method.




334

Co1umn separatidn,at,a temperature of 44°C, and a-flow rate of 1 drop/

13 secs Figure 14

A standard .solution containing about 1 mg each of Dextran f40,
maltotriose, cellobiose, and giucose in 0.25 ml water, was placed on the
co]umn. The flow rate was 1 drop/13 secs, collecting 13 drops-ot 0.56
ml per tube. The column was run atla temperature of 44°C; - Each tube

was monitored for total -carbohydrate by the phenol-sulfuric acid method.

The column run observed in Figure 15 was obtained in-identical man-

ner, except the temperature of the co]umh‘Was 64°C.

Co]umn separat1on monitored at 192 nm Figure 16

A standard so]ut1on containing about 1 mg each of Dextran T40
ma1totr1ose ce110b1ose, and glucose in 0.25 ml water, was p]aced on the
co]u@n; The flow rate was 1 drop/]4 secs, collecting 13 drops .or 0.56
ml/tebe. The column was run at a temperature of 55 C. The co]umn e]u-

ate was passed through a 40 ul flow-cell, being monitored at 192 nm.

Separation of the g]ueosyl a(1+4)roligosacchat1des'ih corﬁ syrup
"Figure 17 .

| A solution of a corn syrup hydrelysate] in water (0.25 ml total)
was placed onvthe column. The flow rate was 1 drop/14 secs; collecting
13 dfops or 0.56 ml- per tube. The eolumn was run at a tempetatute of
55°C. Each tube was mon1tored for tota] carbohydrate by the pheno]-

su]fur1c ac1d method
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