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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 sect ions. In section I synthetic
carbohydrate chemistry was extensively used during an attempt to verify

11 Sec Ia previously proposed s tructure  for helminthosporoside, ' a host
-spec i f ic . tox in  isolated from Helminthospoviim sacchavi. This previ­
ously proposed s tructure  was determined not to be the actual  s t ructure  
of the toxin. Additional procedures were.developed for thd isolat ion 
of the toxin. PMR, CMR, and mass spectral, analyses were obtained on 
the isolated toxin. The toxin appears to be a d i saccharide with a 
large a l ipha t ic  aglycone.

During structural  ver i f ica t ion  of a previously suggested st ructure 
for rhynchosporoside?  ^ec '  ̂ as discussed in section 2, synthetic 
carbohydrate chemistry was extensively u t i l ized .  The previously pro­
posed st ructure was determined not to be the actual s t ruc ture  of the 
toxin. Rhynchosporoside is  a phytotoxin found in the fungal extracts  
of Rhynchospoviym 's e c a lis. I t  is  suggested that  a number of phytotoxins 
may e x i s t ,  i . e . ,  a gTucoide, ceTTobioside, and a c e l lo t r io s id e ,  all 
having a glycosidic linkage to carbon-1 of 1 ,2-propanediol.

A ^3C-NMR method was developed in section 3 for the ident i f ica t ion  
of the carbohydrate residue in galacto- and glycopyranosides, and fur-  
anosides, with the capabil i ty  of distinguishing the struc tura l  config­
uration of  the carbohydrate residue. This method works for  all  repor t ­
ed CMR spectra of non-aromatic galactosides and glucosides, and for 
synthetic compounds reported in th is  paper.

The designs for a number of previously non-avail able 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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INTRODUCTION

A disease of sugarcane {Sacchamwi sp. ) caused by the fungus, Eel-
1minthdsporium sacchari (Van Breda de Hann) Butler,  is  widespread.

From 1985-1934 i t  was known to ex is t  in regions of Hawaii, India, Java,
2

Puerto Rico, Cuba, Austral ia ,  Taiwan and Florida. In 1890 Kruger 

named th is  disease 'eye spot '  because the f i r s t  symptoms are elongated 

lea f  lesions showing red centers surrounded by a narrow margin of chlo­

ro t ic  t is sue .  After the lesions are formed, reddish-brown streaks 

(runners) i n i t i a t in g  from the point of infection reach toward the t ip  

of the leaf .  I t  i s  possible to have runners a t tain ing a length of 3 

fee t .  Also, the fungus can be easi ly  isolated from the lesions but
I

not from the runner area.
2 'In 1929 Lee, acting under the assumption that  the runners on su­

garcane leaves infected with E. satsehavi were caused by a toxin produc- 

ed by the fungus, proceeded to show th a t  the culture f i l t r a t e d  from E. 
saoehari ms, toxic to excised leaves. The toxin was shown to be heat 

s table a f t e r  three treatments in the autoclave (15 lbs . steam for 20 

minutes). The toxin was thought to destroy the chlorophyll and reduce 

the iron in the leaves; as well as reduce n i t ra te s  to n i t r i t e s  which 

are also toxic.

In 1968 Liu^ demonstrated tha t  E. Saachari is more pathogenic a t  

20°C than a t  30°C, even though the growth of the fungus is more rapid 

a t  the higher temperature. Also, in a personal communication to Stein­
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er and Byther5̂  C. A. Wismer in Hawaii noted that  cool, wet climates

contributed to greater  incidences of eye spot disease. I t  has been

suggested by Strobe!^ tha t  Mg++-K+ ATPase is required for  the action of
++ +the toxin, and above SO0C Mg -K ATPase has a d is t inc t ive  change in

i t ' s  ac t iv i ty .  The decrease in apparent pathogenicity a t  SO0C seems to

be due not to the fungus, but to the sugarcane.
5Steiner and Byther in 1971 in i t i a ted  studies to determine the 

cause for tox ic i ty  of the culture f i l t r a t e ,  check for host spec i f ic i ty  . 

of the toxin, and determine the poss ib i l i ty  of using the toxin in 

screening sugarcane clones for resistance to eye spot disease. During 

purif icat ion of the toxin, methods similar  to .those used by Pringle and 

Scheffer7 were u t i l ized .  A flow sheet summarizing the steps used by 

Steiner and Byther is presented in Figure I.  I t  is important to note 

the resu l ts  obtained through the use of Sephadex 6-15. Two areas of 

toxin ac t iv i ty  were observed; Peak I ,  containing most toxic ac t iv i ty  

and being of larger molecular weight than the substance in peak 2, 

which contained less toxic i ty .

A dual bioassay was used by Steiner and Byther:

A. "In the f i r s t ,  seven.inch excised leaves were used.

A l-iil drop of toxin solution was placed on a needle 

puncture spot near the base of the leaf. Injected 

leaves were incubated in a moist chamber at  room ->

temperature. The length of the resulting runner
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with

Culture of H. sacchav-L

f i l t e r  through cheesecloth and Matman #1 and #50 f i l t e r  paper

concentrate, 1/10 original volume at  42°C
I

add an equal volume of methanol for 24-48 hrs a t  4°C

> Discard p.pt 

evaporate, 1/10 original volume
i

extract  with 3-equal volumes of chloroform
I l>- Discard chloroform fraction

concentrate, 1/50 original volume 
f :

I ml, extract  with 3 successive 10 ml volumes of water-sat.  butanol

> Discard water fraction 

concentrate, I ml
I

Sephadex G-I5 column, 18.0 x 1.3 cm 

elute  with water
I'

toxin preparation

Figure I. Flow sheet summarizing the iso lat ion procedure.
5

Used by Steiner and Byther.

from each of several toxin ,d i lu tions  was an 

indication of toxin ac t iv i ty .  The measurements 

were made from 24-48 hours a f t e r  inocula t ions .11

B. "In the second, 0.2 ml of toxin solution was injected 

into the leaf  spindle immediately above the apical
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men'stem of the in tac t  plants.  Degrees of clonal 

resistance could be determined by using several d i lu ­

tions of toxin and rat ing the in tensi ty  of the symp­

toms from each di lu t ion .  Ratings were determined 

24-30 hours a f te r  in ject ion."

A tota l  of 182 clones, 47 from Hawaii and 135 imported, were t e s t ­

ed in the process of screening with the toxin for resistance to eye 

spot disease. A s ign i f ican t  corre la t ion ,  (r=0.88, p<0.01%) between the

reaction of the toxin and reaction of fungal inoculations was obtained.
• •' . . .

Because of the s im i la r i t i e s  with other host-specific  t o x i n s t h e  

toxin produced by ■#. sacchavi was considered host-specif ic.  The f o l ­

lowing charac ter is t ics  of the toxins produced by #, sacchari, which are
5

in cpmmon with other host-specif ic  toxins include:

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

B. The symptoms produced by the toxin and fungus are similar .

. C. The toxin has a low molecular wt . ,  shown by i t s  elution on 

a Sephadex G-I5 column.

From these observations, Steiner and Byther were able to make a . 

major contribution to the unfolding of the Helminthosporium saochari 

story. They were able to show that  not only did a toxic material exist, 

but a t  l eas t  two toxic components were present in culture f i l t r a t e s  

and were, s table  to 144°C The toxins were actually used to advantage 

in screening clones for  res istance to the eye spot disease. A subse­
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quent paper by Byther and S t e in e r ^  in 1972 dealt with the problem of 

selecting sugarcane seedlings re s i s tan t  to eye spot disease by u t i l i ­

zation of p a r t i a l Iy purif ied culture f i l t r a t e s .

Steiner and S t robe!^  subsequently extended the e a r l i e r  isolat ion 

procedure by two steps. After the Sephadex G-I5 column chromatography 

step, two paper chromatography steps were added, the f i r s t  being paper 

chromatography with the solvent system ( I -butanol-acetic  acid-water, 

4:1:5) and the second with the solvent system ( I -propanol-ammonium 

hydroxide-water, 6:3:1). With the resul t ing purif ied preparation they 

proceeded to characterize the major component and suggested the s t ruc ­

ture,  2-hydroxycyclopropyl a-D-galactopyranoside, (JJ , shown in Figure

2. HO

Figure 2. The f i r s t  proposed s tructure  for he!minthosporoside.

The following is a summary of the reported data which enabled the 

authors to characterize helminthosporoside:

A. Properties of helminthosporoside.
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1. A rela tionship between runner length and toxin concentra­

tion was developed. For example, approximately 1.5 yg toxin 

correlated with an 8.1 cm runner in 22 hrs. The runner 

length was d irec t ly  proportional to log(beTminthosporoside).

■ The method of applicat ion was the same as that  used by
4Steiner and Byther. A I -pi drop of toxin solution was 

placed.on a needle-puncture spot near the base of an excised 

leaf.

2. "At room temperature the toxin preparation was a yellow 

syrup. This syrup became c rys ta l l ine  a f te r  desication in a 

part ia l  vacuum over phosphorus pentoxide."

3. Table I shows Rfr values of he!minthosporoside in several 

solvent systems. Since i t  moved well in polar solvents, i t  

was suggested to be a polar compound.

B. Infrared Spectrum.

1. "A strong absorption band at  3.0 y indicating the presence 

of -OH groups on the molecule."

2. "The lack of a strong band around 6.0 y assured the absence 

of a carbonyl group e i ther  as an acid or an aldehyde."

3. "A weak but detectable band in the region of 9.8 y," sup­

ported the presence of a cyclopropyl ring.

4. "The remainder of the spectrum i n i t i a l l y  suggested that  

the toxin could be a glycoside."
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Table I. Rp values of helminthosporoside.

Solvents a through ê  were used on descending paper 

chromatography; f  through k were used with thin-layer  

chromatography.

Solvent_____________ Rp value

a. 1-Butanol-acetic acid-HgO, 4:1:5 0.30
b; I-Propanol-NH^OH-HgO, 6:3:1 0.80
c. !-Butyric acid-l-butanol-H20,2:2:l 0.14
d. 1-Butanol-ethanol-HgO, 5:1:4. 0,34
e. Ethyl acetate-formic acid-acetic  acid-HgO

18:3:1:4 . .. 0.54
f . Hexane-ethylacetate, 85:15 0.0
g. Benzene-methanol, 95:5 0.0
h. 1-Butanol-acetic acid-HgO, 3:1:1 0.70
i . 1-Butanol-acetone-HgO, 4:5:1 0.54
j . Methylethyl ketone-acetic acid-methanol

6:2:2 0.53
k. Benzene-acetic acid-methanol, 2:2:6 0.56

C. Ultraviole t  spectrum revealed no absorption bands above 210 my,

eliminating the presence of aromatic and conjugated systems in

the molecule."

' D. Optical Rotation.
_ 20
[ cx] q = -49.0 .
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E. Mass spectroscopy-membrane osmometry.

1. "The toxin gave a discernible  molecular ion peak of 236 

m/e."

2. "That the peak of 236 represented the molecular ion was 

confirmed by a molecular weight.determination by membrane 

osmometry near 250."

F. Elemental Analysis.

Calculated f o r -CgH-JgOy: C, 45.8; H, 6.8; O5 47.4

Found: C5 45.7; H5 7.3; O5 46±1.

A trace of nitrogen was found in the samples.

G. NMR spectroscopy.

Table 2 summarizes peaks found in the NMR spectrum.

H. Carbohydrate moiety.

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

hrs and then s i Tylation treatment, the reaction mixture was 

subjected to gas chromatography, two peaks with the same 

retention time as a- and g-D-galactopyranoside were observed.

2. The ident i ty  of galactose was confirmed by paper chro- • 

matography in .solvent a (see Table I) and in ethyl acetate- .

. . pyridine-water, 8:2:1 v/v.

3. After refluxing the toxin in acid the neutralized solutions 

. were not phytotoxic.

I . To support the cyclopropyl p oss ib i l i ty  the following was done:
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Table 2. Assignments of signals in the NMR spectrum of 

helminthosporoside.

Peak

A

B

C

D

E

F

G

H

Shif t ,  ppm No. Protons Assignments

5.%! I Proton on the anomeric 

carbon.

4.19 4 I proton from cyclopropyl, 3

protons from galactose.

4.10-3.75 3 Protons from C-5 and C-6 of

' galactose.

3.0-2.3 I Protons on the aglyconic 

carbon in cyclopropyl.

1.8 I

X

Hydroxyl proton from the 

cyclopropyl moiety.

1.60-1.35
Cyclopropyl methylene.

C
X

JI
L

O
C

O 1J
0.9 ■ O - Impurity.

After acid hydrolysis a compound with the same retention time 

as acrolein was observed. Also, other major peaks were ob­

served. The acrolein peak was estimated to be approximately.25% 

of the products. Mechanistically, this  can arise  from the
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reac t ion  d e l in e a te d  in Figure 3.

H

H

Figure 3. Hydrolysis mechanism producing a c r o l e in .

J . G a lac to s id ic  l inkage.

1. 3 -g a la c to s id a se  from E. coli, when allowed to r e a c t  with 

the toxin  f o r  18 hrs y ie lded  no f ree  ga lac to se .

2. a -g a l a c to s id a s e  with the toxin  fo r  18 hrs y ie ld ed  le ss  

than 1% g a lac to se .

"From these  r e s u l t s  i t  i s  concluded t h a t  the  g a l a c to s id i c  

l inkage in the toxin  i s  a . "

I t  appeared from t h i s  work t h a t  the two a d d i t io n a l  chromatographic 

s teps  r e s u l t e d  in a pure sample of helmin thosporoside.

There was a period of  5 years  when no f u r t h e r  work was attempted 

toward v e r i f i c a t i o n  o f  the  s t r u c t u r e  of helmin thosporoside.  However, 

in 1976 the work descr ibed  here was i n i t i a t e d .  The fol lowing ques t ions  

were the i n t e n t  of the  study:

I .  Can the proposed s t r u c t u r e  f o r  he lminthosporoside be v e r i f i e d  

by syn thes is?
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2. Can methods be devised to aid in the toxin purif icat ion pro­

cedure, i f  the toxin preparation is not pure?

3. Will other related molecules, obtained by synthesis,  cause 

symptoms on sugarcane leaves similar  to helminthosporoside?



RESULTS. AND DISSCUSION

The primary focus of th is  work was to verify by synthesis,  the . 

proposed s tructure  of helminthosporoside. Since the conclusions of the 

work presented in the introduction suggested an a-galactoside, the ap­

proach taken was to u t i l i z e  existing methodologies for synthesis of 

a -D -g a lac to s id es .^ - ^  Consideration was given to se lection of methods 

for obtaining the carbohydrate and aglycone moieties, which might be 

applied to other rela ted galactosides. With these goals, synthesis 

of 2-hydroxycyclopropyl a-D-galactopyranoside and rela ted compounds 

was in i t i a ted .

The i n i t i a l  st rategy for  preparation of helminthosporoside was to 

u t i l i z e  perbenzylated.galactosyl chloride and a cyclopropanediol.. Spe­

c i f i c a l l y ,  i t  was planned, as delineated in Figure 4, to react  2,3,4,6- 

tetra-O-benzyl-a-D-galactosyl chloride,  {2),  with 3 ,3-dimethyl- I ,2-cy-
I 2

cloprppanediol,(_3), to produce the galactoside (4). .

This series of reactions was not designed to give helminthosporo­

side,  but was rather to t e s t  out the methodology using compounds that  

were more readily avai lable.  The product, (40., would be an analogue of 

helminthosporoside. Analogues of helminthosporoside would be of in te r ­

e s t ,  because phytotoxicity could be re la ted  to s t ruc ture ,  thereby lead­

ing toward an understanding of what s t ruc tura l  charac te r is t ics  are 

essentia l for toxic i ty .
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OBz

CH2OHI.  KI

Figure 4. A double S^2 re a c t io n  on perbenzyla ted  ga lac tosy l  

c h lo r id e .

Without l i t e r a t u r e  precedent fo r  1 ,2 -c y c lo p ro p a n ed io l , the  ana­

logue,  (3 ) ,  was considered a good p o s s i b i l i t y  to work out the  descr ibed  

methodology. As shown in Figure 5, Chen and A in sw o r th ^  made .3 from 

d i e t h y l -d imethylmalona te , ( 5 ) ,  by the acy lo in  condensation.  The proce­

dure fo r  making d i e t h y l -dimethylmalonate was the same as used by Adams 
19and Kamm fo r  making ethyl n-buty lmalonate .

The method fo r  making d ie thy l-d im ethy lm alona te  worked well with an 

o v e ra l l  y i e ld  of  66%; however, the r e a c t io n  to make the cyclopropyl
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HO

CH3

H

CH3

+ Products

Figure 5. Acyloin condensation.

d e r iv a t iv e  did not work as expected.  The repor ted  method 18 u t i l i z e d

sodium in l iq u id  ammonia, followed by removal o f  the  ammonia and adding 

ammonium c h lo r id e .  Upon in spec t ion  o f  the  r e a c t io n  mixture  by glc the 

major por t ion  of d ie th y l -d im e th y Imalona te  had not reac ted  and the re  

were a t  l e a s t  nine products .  Changes were made in the procedure in an 

at tempt to improve the r e a c t i o n . Lithium was used in s tead  of  sodium 

and the ammonium c h lo r id e  was added before  the ammonia was evaporated .  

Upon inspec t ion  of the  r eac t ion  mixture by glc  very l i t t l e  s t a r t i n g  

mater ia l  remained, but the re  were a t  l e a s t  twelve products .  Seven of 

the most dominant products  were c o l l e c te d  by glc  and t e s t e d  with a n t i ­

mony t r i c h l o r i d e ,  s ince  i t  has been observed t h a t  a number of cyclopro­

pyl compounds r e a c t  with t h i s  reagent to give a pink f lou resence  under 

u l t r a v i o l e t  l i g h t .  The r e s u l t s  o f  t e s t i n g  these  cyclopropyl compounds 

are  rep resen ted  in Table 3.

The m ate r ia l  from only two peaks gave a p o s i t i v e  t e s t .  The NMR
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Table 3. CyclopropyT derivatives treated with antimony . 

t r ich lo r ide .

Compound Flouresence, Color

1COOCH2CH3
Yes, pink

CN

None

COOH

Yes, pink

HO CH2OH

Yes, pink

spectrum was obtained from the most abundant of the two compounds; 

however, i t  was not consistent  with the theoretical  spectrum. There 

was not enough of the second compound to obtain an NMR spectrum. NMR 

spectra were taken of a ll  the other products that  existed in large 

enough quantity. But, these also proved not to correlate  with the 

theoretical  spectrum.

At th is  juncture correspondence with the authors of th is  work was 

made, lending no additional information or samples for comparison.
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Therefore ,  our i n a b i l i t y  to repea t  t h i s  work and the lack of samples

fo r  comparison prompted us to d i scon t inue  t h i s  approach.

As an a l t e r n a t e  approach, a carbene r eac t io n  with a vinyl ga lac to

s ide  would r e s u l t  in a cyclopropyl g a la c to s id e .  By using the appropri

a te  carbene,  J  would be generated .

The fol lowing sequence of  r e a c t io n s  demonst rates the  s y n th e t i c

methodology. The f i r s t  products in t h i s  s e r i e s  of  d e r iv a t iv e s  were

methyl a - ,  (7J , and g-D-ga lac topyranoside ,  (8 ) .  These r e s u l t  from an

acid  ca ta lyzed  a t t a c k  of the  methanolic  oxygen on the  anomeric carbon

20of D -ga lac tose ,  (6 ) ,  as depic ted  in Figure 6.

Figure 6. F ischer  method of  producing methyl g a l a c to s id e s .
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Treatment of 7 with benzyl c h lo r id e  and potassium hydroxide produces

methyl 2 , 3 , 4 ,6 - t e t r a -0 - b en z y l - a - D - g a l a c to p y r a n o s ide, (9 ) ,  p ro te c t in g
21a l l  f r ee  hydroxyl g roups . This p ro te c t io n  r eac t io n  i s  d e l in e a te d  in 

Figure 7.

The next s tep  i s  the  removal o f  the  aglyconic  methyl group by acid

h ydro lys is .  The only method a v a i l a b l e  f o r  t h i s  r e a c t io n  was t h a t  re -
22ported by Austin e t  a l . ;  however, i t  requ ired  a r e f lu x  fo r  10 days .

OH OBz

CH2OBz

KOH/dioxan

Figure 7. Benzyl e th e r  p r o t e c t i o n .

Figure 8 desc r ibes  t h i s  r e a c t io n  r e s u l t i n g  in 2 , 3 , 4 , 6 - t e t r a - 0 - b e n z y l -  

a -D -ga la c t o s e , (10) .

OBz OBz

Figure 8. Aglycone removal by ac id  hy d ro ly s i s .
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Purification by th in- layer  chromatography (ethylacetate-methanol, 4:1) 

on s i l ica -ge l  revealed a large amount of one product. By NMR, the ra­

tio of aromatic to non-aromatic hydrogens was not consistent  with the 

theoretical  values. Therefore, a chromatographic system with better  

resolving power was found; namely (carbontetrachloride-methanol, 9:1) 

on s i l i c a -g e l .  With th is  new solvent s y s t e m s i x  products could be 

resolved from the s ta r t ing  material.  The required product, (1_0), was 

also the major product. By making a plot of (l-Rp).vs. (number of 

benzyl groups on galactose),  a s t ra ig h t  l ine was obtained with a cor­

rela t ion coeff ic ien t  of 0.9993, as represented in Figure 9. These 

extraneous products appear to resu l t  from degradation of 1_0 by succes­

sive removal of benzyl groups. Also, the column chromatography method
22

suggested by Austin e t  a l . for purifying the products fa i led  to work. 

Since th is  method is very laborious and does not work well,  a d i fferent  

method was required.
2i .

A method by Glaudemans and Fletcher was t r i e d ,  even though i t  

had been used only for hydrolysis of the glucose counter part .  This 

method required using a mixture of ace tic  and sulfur ic  acid a t  95°C 

for  24 hrs. Separation of the reaction mixture by th in- layer  chroma­

tography revealed a t  leas t  five products, corresponding to those obtained 

by the f i r s t  method. However, with th is  procedure the major products 

were’ due to the degradation of 10. A timed hydrolysis study was under­

taken a t  three d i f fe ren t  temperatures, 75PC, 80°C and 85°C. The reac-
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0  9 —

0.6 -

0 . 7  -

0 .6 -

0 . 5  -

Number of  Benzyl Groups on Galactose

Figure 9. Graph of I-Rp value vs. the  number o f  benzyl groups 

on ga lac to se .

t ion  was followed by t h i n - l a y e r  chromatography. At a temperature  of 

85°C, a f t e r  a per iod  of 5 hrs the re  was near ly  a complete conversion of  

s t a r t i n g  mater ia l  to products .  Also,  e s s e n t i a l l y  only IJl was obta ined .  

However, when the temperature  exceeded 90°C, degradation  was i n i t i a t e d .  

In a t r a n s v in y la t i o n  r e a c t i o n ,  IÔ  was converted to vinyl 2 ,3 , 4 , 6 -
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t e t r a -O -b e n zy l -a -D -g a lac to p y ra n o s id e , (12) ,  by r eac t io n  with ethyl v in -

23yl e t h e r ,  (11) ,  and mercuric a c e t a t e  (F igure 10). However, a f t e r  55 

hrs i t  was observed by t h i n - l a y e r  chromatography t h a t  most of the  s t a r -
O

t in g  mater ia l  remained. T h e re fo re , 4A molecular s ieves  were added to 

t r a p  the re leased  ethanol , fo rc ing  the  re a c t io n  to completion.

OBz OBz

10 -  Il
CH2

Figure 10. Vinyla tion  of 2 , 3 , 4 ,6 - t e t r a - 0 - b e n z y l - a - D - g a l a c t o ­

pyranoside.

Within 21.5 hrs f ive  products were observed. By examining the NMR 

spec t ra  o f  the  p roduc ts ,  i t  was apparen t t h a t  one was the required  

d e r i v a t i v e ,  ( 1_2); b u t , o the rs  lacked benzyl groups.  The re a c t io n  was
O

at tempted aga in ,  adding the 4A molecular s ieves  a t  the  begining of  the 

r e a c t i o n . A f te r  12 hrs the  r e a c t io n  was monitored by t h i n - l a y e r  

chromatography, revea l ing  the same produc ts ,  with 12̂  as the major one. 

I t  appears t h a t  mercuric a c e t a t e  was ca ta ly z in g  removal of benzyl 

groups .

The next two s teps  in the  methodology fo r  ob ta in ing  \ are  shown in
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Figure 11. The p repa ra t ion  of ( 2 - 0 - t - b u t y r a t e  cyclopropyl) 2 ,3 , 4 , 6 -  

te t ra -O -benzy l -a -D -ga lac topy ranos ide ,  (]_4), r eq u i re s  a t t a c k  of  carbene,  

(13) ,  on 1 2 .24

O
/ X 11(CH3)j CCOCH2CI

Figure 11. Formation of  ( 2 - 0 - t - b u t y r a t e  cyclopropyl)  2 ,3 , 4 , 6 -  

te t ra -O -benzy l -a -D -ga lac topy ranos ide  by a carbene 

r e a c t i o n .

Benzyl e th e r  and e s t e r  cleavage from 14_ can be c a r r i e d  out by a

sodium-l iquid  ammonia reduc t ion ,  followed by a d d i t io n  o f  ammonium chlo-

r i d e ,  r e s u l t i n g  in the d e r i v a t i v e ,  ( 1_), as shown in Figure 12. 23
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OBz OH

CH0OH
I. Nd1NH Jl j  H

2 . NHJl

(CH1) C C -O

Figure 12. Benzyl e th e r  and e s t e r  cleavage by a d i s so lv in g  metal 

reduc t ion .

13Before i n i t i a t i o n  of the  l a s t  two s t e p s ,  a C-NMR spectrum of

helminthosporoside was ob ta ined ,  and the  values  of the  resonances are
13l i s t e d  in Table 4. Since the  C-NMR spectrum ru led  out the  p o s s i b i l ­

i t y  of  a cyclopropyl res idue  wi th in  the molecule,  at tempted syntheses
13of cyclopropyl d e r iv a t iv e s  were te rmina ted .  The C-NMR spectrum of  

he lminthosporoside had only nine major re sonances , t h i s  number agreed 

with the o r ig i n a l  p o s tu l a t e  t h a t  he lminthosporoside had only nine 

ca rbons . There fo re ,  syntheses  of nine carbon d e r iv a t iv e s  were s t i l l  

c o n s idered.

I t  was suggested t h a t  a g lycero l moiety may be the aglycone of 

g a lac to se .  This would be c o n s i s t e n t  with the CMR resonances (63.14, 

63.51, and 81.91 ppm), but would not be c o n s i s t e n t  with the chromatog­

r a p h y  d a t a ; where i t  i s  observed t h a t  the  p o l a r i t y  of ( 1 ,3-propanediol-



Table 4. C resonances of helmin thosporoside.13

PPM(TMS) I n t e n s i ty M u l t ip l i c i t y Carbon # 
Assignment

107.85 138 d I
83.3 127 d 2
81.91 225 d
77.17 162 d 5
76.79 98 d 3
71.14 152 d 4
63.51 133 t
63.14 121 t
61.89 99 t 6

2-0) u-D-galactopyranoside  ( i s o f l o r i d o s i d e ) , (16) ,  would be g r e a t e r

than t h a t  o f  the toxin  (F igure 13). These two compounds were a q u i r e e ^  

and b ioassayed, and exh ib i ted  no observable  tox ic  a c t i v i t y  on suscep t -

able  sugarcane l e a v e s .

OH OH

Figure 13. F l o r i d o s i d e , (15) ,  and i s o f l o r i d o s i d e ,  (16).

Based upon the CMR d a t a , a second s t r u c t u r e ,  (2,3-epoxy propene-
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1-0) ct-D-galac to p y ran o s id e , (17) ,  fo r  he lminthosporoside was proposed, 

and i s  shown in Figure 14.

Figure 14. The second proposed s t r u c t u r e  f o r  helmin thosporoside.

A methodology f o r  ob ta in ing  V7 req u i re s  the  p repa ra t ion  o f  a l l y l  

a - D-galactopyranoside ,  (20) ,  followed by i t s  epox ida t ion .  Two methods 

fo r  syn thes iz ing  the a l l y l  d e r iv a t iv e  were cons idered ,  and were simul­

taneously  c a r r i e d  out .  Figure 15 shows the f i r s t  method u t i l i z i n g  a 

double S^2 r eac t io n  on the  c h lo r id e ,  (2 ) ,  by potassium iodide  and a l l y l
I  O

a lco h o l ,  (18) ,  to produce the a l l y l  d e r i v a t i v e ,  (19).  The reac t ion  

was observed, by t h i n - l a y e r  chromatography, to go to completion.

OH
H

OBz OBz
H H

H

H
2

Cl

H KI, 2 , 6 - 1ut idine 
a c e t o n i t r i l e

CH2-CHCH2OH
18 " H

■------------- #> H

19
HO

Figure 15. S^2 reac t io n  by a l l y l  a l c o h o l .
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A d is so lv in g  metal reduc tion  would remove the benzyl e t h e r s .  The sec ­

ond procedure ,  known as the Fischer  method, gave la rge  amounts of 

c r y s t a l l i n e  20 by a more d i r e c t  rou te .  This sequence,  adopted from

Talley  e t  a l . (Figure 16),  c o n s i s t s  of  an acid  ca ta lyzed  a t t a c k  of 18̂
27on (5 to form the alpha anomer, (20).

HC ^ CH
H

Figure 16. Allyl  a -D-ga lac topyranos ide  by the F ischer  method.

D eriva t ive  20 was a ce ty la t e d  with a c e t i c  anhydride and pyr id ine  a t

O0C to give c r y s t a l l i n e  a l l y !  2 ,3 ,4 ,6 - t e t r a - 0 - a c e ty l - a - D - g a l a c to p y r a n o -  
28s i d e ,  ( 2 J J , as shown in Figure 17.

OH OAc

pyridine

Figure 17. A ce ty la t ion  of a l l y !  a -D-ga lac topyranos ide .
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Methods of a c e ty l a t i o n  involv ing r e f lu x  had been t r i e d ;  however, they

produced co lored products which would not r e a d i ly  c r y s t a l l i z e .

An at tempt to epoxid ize  20 by perbenzoic acid was u n su cc e ss fu l .

However, epoxidat ion of  2]̂  by m-chloroperoxybenzoic acid  produced (2 ,3-

epoxypropene-1-0) 2 ,3 ,4 ,6 - t e t r a - 0 - a c e t y l - a - D - g a l a c t o p y r a n o s i d e ,  (22) ,
29as shown in Figure 18.

Figure 18. Epoxidation of  a l l y l  2 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l - a - D - g a l a c -  

topyranoside.

The acety l  p ro te c t io n  was removed from 22 with a c a t a l y t i c  amount
29bof sodium methoxide to produce J 7 , as d e l in e a te d  in Figure 19.

I t  i s  of i n t e r e s t  to note t h a t  i s o f l o r i d o s i d e ,  ( 1 6 j , can  be synthe-
30s ized  from I^  with the add i t ion  of  p e rc h lo r i c  ac id .  I s o f lo r id o s id e  

is  a n a t u r a l Iy occurr ing  glycoside  i s o l a t e d  from red alga (Porphyra
O l

u m b i l i c a l i s ,  and t h i s  method (as shown in Figure 20) rep re sen ts  one
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OAc OH

CHoOAcj
NaoMe

Figure 19. Deacety la t ion  by a c a t a l y t i c  amount of  sodium methox- 

ide .

way of syn thes iz ing  i s o f l o r i d o s i d e .

When ] 2  was t e s t e d  on sugarcane leaves  (c lone 51NG97) s u sc e p t ib l e  

to  helmin thosporos ide,  no runners or l e s io n s  were formed. When the  

in te rm ed ia te ,  20 was placed on s u sc e p t ib le  sugarcane l e a v e s , le s ions  

formed. Placing 2^ on sugarcane leaves (c lone 7209), r e s i s t a n t  to 

he lmin thosporos ide,  r e s u l t e d  in no le s io n s  being formed. AlIyl a-D- 

ga lac topyranos ide  causes l e s io n s  and r u n n e r s , but la rge  q u a n t i t i e s  were 

requ ired .

Bioassays with known amounts of a l l y !  a-D-ga lac topyranos ide  were 

conducted on sugarcane l e av es ,  both s u sc e p t ib l e  and r e s i s t a n t  to h e l ­

minthosporoside.  The method fo r  sample in t r o d u c t io n  was s im i l a r  to
5

t h a t  of  S te in e r  and B y the r , t h a t  i s  a drop of toxin  was admin is te red 

to a needle puncture near  the  base of an excised  l e a f .  There was no
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Figure 20. Epoxide opening to form the d io l .

r e ac t io n  on r e s i s t a n t  sugarcane leaves to varying amounts o f  a l l y !  a-D- 

ga lac topyranos ide  up through 530 yg per sp o t ,  a t  115 h rs .  By adminis­

t e r in g  150-600 yg of  a l l y !  a -D-ga lac topyranos ide  per spot, runners formed 

w i t h i n  36 h r s  on the  s u sc e p t ib le  c lone ,  51NG97, as shown in Table 5. 

I t  was noted t h a t  runner length  var ied  cons iderab ly  from l e a f  to l e a f  

as well as wi th in  the same l e a f .  This same e f f e c t  was a lso  observed 

when helminthosporos ide was placed on sugarcane l e a v e s . There fo re ,  the  

la rge  v a r i a t i o n  in response makes q u a n t i t a t i o n  of amount vs. runner 

length u n r e l i a b l e .

Since a l ly !  a-D -ga lac topyranoside  mimicked helminthosporoside in 

i t s  r e a c t io n  with sugarcane le aves ,  i t  was o f  i n t e r e s t  to i n v e s t ig a t e  

i f  i t  b iochemically  bound to the same s i t e  as helmin thosporoside.

Halves of sugarcane leaves (c lone 51NG97) were placed in a s o lu t io n  of 

a l ly !  a-D -ga lac topyranoside  (22 mg/ml) and the o th e r  l e a f  halves were
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Table '5. Runner length for the amount of ally! a-D-galactopyran- 

oside placed on sugarcane clone 5TNG97.

Ally! a-D-galactoside, yg Runner length a t  3.6 hrs

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 lea f  were then 

injected with a solution of helminthosporoside. Those halves soaking 

in water obtained runners, while the halves soaking in a l ly !  a-D-galac- 

topyranoside were unaffected. However, a f te r  two days the sections of 

leaves soaking in ally! a-D-galactopyranoside became a s l ig h t  yellow- 

brown color.

With the observation that  the epoxide, (17), was not phytotoxic, a 

new working s t ruc ture ,  (3-oxetanyl) a-D-galactopyranoside, (23), for : 

helminthosporoside was proposed, as shown in Figure 21.
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OH

Figure 21. The th i r d  proposed s t r u c t u r e  fo r  helmin thosporoside.

I ?The carbohydrate moiety,  ( 2 j , requ ired  f o r  a coupling r eac t io n
22was prepared from K) and thionyl chloride,  as shown in Figure 22.

OBz OBz

Figure 22. Reaction of th ionyl c h lo r id e  on 2 , 3 , 4 , 6 - t e t r a - 0 -  

benzy l-a-D-galac topyranoside .

The aglycone moiety requ ired  fo r  the  attachment r eac t io n  was 3- 

oxe tano l ,  (27) .  The method of ob ta in ing  7J_ requ ired  a four s tep  r eac ­

t ion  sequence.  Chlorine gas was in troduced in to  a l l y !  a lco h o l ,  (18) ,  

producing 2 -a l ly lo x y - 3 -c h lo ro p ro p a n o l , (24) .  A f te r  removal of  excess



39
18, aqueous sodium hydroxide was added and when the so lu t io n  was heated,

323-a l ly loxyoxe tane ,  ( 25j , was ob ta ined ,  as shown in Figure 23.

OCH2- C H = C H 2
HOCH2- C H — CH2

13

-------------- # »  HOCH2- C - C H 2CI
C12 24

24

Figure 23.

25

2-a llyloxy-3-ch1oropropano1 from a l l y !  a lcoho l .

Double bond rearrangement with in  25 by potassium t -b u to x id e  in

33dimethyl sulphoxide produced 3-propeneoxyoxetane, ( 26j , as d e l in ea ted  

in Figure 24.

Figure 24. Double bond rearrangement.
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The aglycone moiety,  (27) ,  was obta ined from 26 by a f iv e  day, 

mild ,  acid  hydro lys is  (Figure 2 5 ) . ^

Figure 25. Propene hydro lys is  to form 3 -o x e ta n o l .

The r eac t io n  descr ibed  by Figure 25 was monitored by glc  a t  timed 

i n t e r v a l s  to eva lua te  the  n e ce s s i ty  fo r  a f iv e  day time period.  A p lo t  

of  the  data ( l i s t e d  in Appendix A) is  depic ted  in Figure 26, showing 

t h a t  a t  f iv e  days,  90% of 26 was converted to 27̂ . This r e s u l t  co r re ­

sponded q u i te  c lo se ly  to a repor ted  f iv e  day h y d ro ly s i s ,  with an 85% 

c o n v e r s io n .^
12The reac t ion  to couple 27 with 2 (Figure 27) in an a ttempt to 

produce (3-oxetanyl)  2 ,3 ,4 ,6 - t e t r a -0 - b e n z y l - a - D - g a l a c to p y r a n o s id e ,  (28),  

a c tu a l ly  produced the 6-anomer, (29).

Hydrogenolysis of 29 would be expected to y i e l d  (3 - o x e ta n y l ) 6-0- 

ga lac topyranos ide ,  (30) ,  the oppos i te  anomer of the proposed s t r u c t u r e ,  

(23) ,  as shown in Figure 28. However, the hydrogenolysis did not go to 

completion.  Since amines can poison c a t a l y s t s , 29 was prepared in a 

way to be c e r t a in  t h a t  a l l  2 ,6 - 1 u t id in e  was completely removed, s t i l l



Y
ields 

are 
norm

alized 
to 

100%

I 3-propeneoxyoxetane



42

CH9OBz

KI, 2 ,6 - lu t id i ne  
acetoni t r i  Ie

Figure 27. Formation of oxetanyl perbenzyla ted  g a la c to s id e .

no complete hydrogenolysis was observed. Since ac id  can inc rease  the 

r a t e  of hydrogenolys is , a c e t i c  acid  was added. Again, no f u r t h e r  

r eac t io n  was observed.

Pd b la ck ,

Figure 28. Expected hydrogenolys is r e a c t i o n .
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A model compound, benzyl cy c lohexy le the r ,  (32) ,  was synthes ized  

from cyc lohexanol , (3]J , with the add i t ion  o f  sodium hydroxide and 

benzyl c h lo r id e ,  as shown in Figure 2 9 .^

I .  NaH

2. BzCl 
Dioxan

Figure 29. Benzylation o f  cyclohexanol.

Hydrogenolysis of 29 was attempted again without success ,  then the 

c a t a l y s t  was f i l t e r e d  from the  mix tu re ,  washed with methanol and placed 

in an e th a n o l ic so lu t io n  of  32. Hydrogenolysis of t h i s  mixture  was 

attempted f o r  two days,  by glc an a ly s i s  no r eac t io n  took p lace .  Hydro- 

genolysis  of 32 with f r esh  c a t a l y s t  was complete with in  one hour. 

T h e re fo re , i t  appeared t h a t  the  c a t a l y s t  was poisoned by 29. To confirm 

the carbohydrate  moietys a b i l i t y  to be hydrogenoliz e d , methyl 2 ,3 ,4 ,6 -  

te t ra -O -benzy l -a -D -ga la c to p y ra n o s id e , (9 ) ,  was completely  hydrogeno- 

l i z e d  to methyl a -D -ga lac topyranos ide ,  ( T j , in one hour,  as shown in 

Figure 30.

I t  was then necessary  to look a t  the  e f f e c t s  of the  oxetanyl r ing 

on hydrogeno lys is . D i f f e r e n t  amounts of 3 -o x e ta n o l , (27J , were added 

to e th a n o l ic  so lu t io n s  of 32 and hydrogenated f o r  one hour. T h e re s u l t s
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Figure 30. Hydrogenolysis of methyl 2 ,3 ,4 ,6 - t e t r a -O -b e n z y l - a -D -  

ga lac topyranos ide .

are t a b u la ted  in Appendix B. When the  amount of  27 in c reased ,  the  

amount of  hydrogenolysis decreased ,  as shown in Figure 31.

Since the  p ressu re  of hydrogen may have an e f f e c t  on hydrogenol­

y s i s ,  29 was hydrogenolized with 60 psi of  hydrogen. There was no ob­

servable enhancement of c leavage.  To inc rease  the  hydrogen pressure  

over 60 p s i , a Parr  bomb was used. With a sample of 29 in e th an o l ,  

1000 psi of  hydrogen was app l ied  fo r  2 h rs .  The r e s u l t  o f  t h i s  

exper iment , as seen by t h i n - l a y e r  chromatography, was the  same as with 

lower hydrogen p re s su re .  Since the  benzyl p ro te c t io n  could not be 

t o t a l l y  removed by hydrogenolys is ,  a d is so lv ing-m eta l  reduc t ion  was 

a ttempted. Sodium-ethanol reduc t ion  did not remove a l l  o f  the  benzyl 

groups.  I t  was concluded t h a t  t h i s  molecule,  (29) ,  con ta in ing  the 

oxetane r ing  was not s u i t e d  fo r  easy benzyl group removal. There fore ,  

another  method was requ ired  fo r  ob ta in ing  23.
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A second methodology fo r  making 23 u t i l i z e d  an anomer re a r ra n g e ­

ment (anomerizat ion)  of the  3- to the  a-anomer. A pe race ty la ted -B -ga-  

lactoside  is  commonly anomerized by e i t h e r  t i tan ium  t e t r a c h l o r i d e  or 

boron t r i f l u o r i d e - e t h e r a t e . ^  To ob ta in  s t a r t i n g  mater ia l  fo r  the  r e ­

qu ired  Koenigs-Knorr g ly co s id a t io n  r e a c t io n ,  a m u l t ip l e  s t e p ,  one-pot 

r eac t io n  was u t i l i z e d ,  with the p repa ra t ion  of 2 , 3 , 4 , 6 - t e t r a - 0 - a c e t y l -  

a -D -ga lactosyl bromide, (33) ,  from D-ga lac tose ,  (6 ) ,  3 as shown in 

Figure 32.

Figure 32. Bromo-acetyla t i on of D-galactose .

The coupling of 27 to 33 (Figure 33) was accomplished with the aid
O

of s i l v e r  carbonate ,  D r i e r i t e  and 3A molecular s i e v e s , giving (3-oxe- 

t a n y l ) 2 ,3 ,4  , 6 - t e t r a - 0 - a c e t y l -B-D-galac topy ran o s id e , (34).  Proton NMR 

spectroscopy gave no in d ic a t io n  f o r  the  alpha anomer, as evidenced by 

the lack of a double t  from 5 .0 -5 .4  ppm. However, with t h i s  type of 

r eac t ion  (Figure 33),  one gen e ra l ly  a n t i c i p a t e s  ob ta in ing  1-5% alpha 

anomer. In a concen t ra t ion  of  1-5%, the alpha anomer might not be ob­

served by NMR spectroscopy. The r eac t io n  mixture was sub jec ted  to glc
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and two components were c o l l e c t e d ,  one being p resen t  in cons iderab ly  

l a r g e r  q u an t i ty  than the o th e r .  When these  components were compared 

by t h i n - l a y e r  chromatography, t h e i r  Rp values were i d e n t i c a l  and equal 

to t h a t  of the  p roduct ,  (34).  There fore ,  i t  i s  suggested t h a t  the  

reac t ion  mixture con ta ins  both alpha and beta  anomers.

OAc

d r i e r i t e  
3A molecular 

sieves 
CHCU

Figure 33. Koenigs-Knorr g ly co s id a t io n .

With a c a t a l y t i c  amount of sodium methoxid e , 34 was d e ac e ty la t e d -  

as depic ted  in Figure 34- to produce (3 -o x e ta n y l ) 3-D-galactopyrano- 

s id e ,  ( 3 0 ) . ^  The product mixture was bioassayed on s u sc e p t ib le  sugar­

cane l e av es ,  bu t ,  no le s ions  formed. A f te r  d e a c e ty l a t i o n ,  paper ch ro ­

matography was used to sepa ra te  the  r eac t io n  mixture in to  two products .  

Neither  of these  were a c t iv e  on s u sc e p t ib le  sugarcane leaves .
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OAc OH

Figure 34. Deacetyla tion to produce (3 -oxetany l)  g-D-galacto- 

pyranos ide.

To obta in  a l a r g e r  p ropor t ion  o f  the  alpha anomer, t i tan ium  t e t r a ­

ch lo r ide  was used in an anomerization r e a c t i o n , ^ c as shown in Figure 35. 

Rather than ob ta in ing  the expected alpha anomer, (35) ,  the  c h lo r id e ,

(36) ,  was obta ined .  I t  i s  known t h a t  t i tan ium  t e t r a c h l o r i d e  can d i s -

37place a g ly c o s idie  ace ty l  group, to produce an alpha c h lo r id e .

Figure 35. Attempted anomerizat ion with t i tan ium  t e t r a c h l o r i d e .
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Since t i tan ium t e t r a c h l o r i d e  did not f a c i l i t a t e  the  expected ano- 

m e r i z a t io n , boron t r i f I u o r i d e -e th e r a t e  was u s e d j ® a  ̂ as descr ibed  in 

Figure 36. With these  reac t ion  c o n d i t i o n s , only polymeric m a te r ia l s  

were produced.

OAc OAc

H 34

polymeric products

Figure 36. Attempted anomerizat ion with boron t r i f l  uori de-etherate.

Polymerization i s  o f ten  observed from compounds con ta in ing  the  oxetane

r ing .  I t  i s  e s p e c i a l l y  favorab le  when using a nonpolar so lven t  and
38boron t r i f l  u o r i d e - e t h e r a t e , with no n u c leo p h i l i c  agent  p re sen t .  A

39poss ib le  reac t ion  mechanism i s  d e l in e a te d  in Figure 37.

While the r eac t io n  in Figure 33 was being c a r r i e d  out to produce 

the in te rm e d ia te ,  (34) ,  i t  was of i n t e r e s t  to a ttempt the sy n th es i s  of 

23 by a r eac t io n  of phenyl I - th io -e -D -g a l ac to p y ra n o s id e ,  (37) ,  with the 

app rop r ia te  a l co h o l ,  in the  presence of mercuric a c e t a t e  (F igure 3 8 ) . ^
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- | -  H2OIBF3
_ J ,  +  [H0 BFi]

+ HOCH2CR2CH2— O-

V

r epeat  ^
Polymers

Figure 37. Oxetane polymeriza tion mechanism.

The th io - d e r i  vati  v e , (3^7), was a gererous g i f t  from Dr. Richard 

F u r n e a u x .^  A number of  simple d e r iv a t iv e s  were syn thes ized  as model 

compounds in order  to become f a m i l i a r  with the r e a c t io n .  Table 6 gives 

these  d e r iv a t iv e s  with re spec t  to the  ag lycones ,  l i s t i n g  the Rp and 

^Gal each, using s i l i c a - g e l  with the  so lven t  system, (e thyl methyl 

k e tone-e thano l -w a te r ,  75 :12:6) .

Figure 38. Mercury-ion a s s i s t e d  g ly c o s id a t io n .
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The reaction mixture for each product (as shown in Table 6) was 

bioassayed on susceptible sugarcane leaves. Other than ally! ct-D-galac- 

topyranoside, the only derivatives exhibiting ac t iv i ty  were the propyl's 

and ethyl ct-D-galactopyrdnosides. Table 7 l i s t s  these compounds, 

including the amounts assayed and lesions formed. The only derivative 

exhibiting ac t iv i ty  a t  the 350-700 yg leve l ,  was n-propyl a-D-galacto- ■ 

pyranoside, which exhibits about one-tenth the ac t iv i ty  of al lyl  a-D- 

galactopyranoside (Table 5).

Since a l l  reactions for  the simple galactosides were well-behaved, 

except the al lyl  alcohol experiment— where the double bond reacted with 

mercuric acetate ,  the reaction with 3-oxetanol was next attempted.

When the mercury-ion assis ted  reaction of 7J_ and 3̂7 was carried out 

(Figure 39),, no product was observed. However, when two equivalents 

of mercuric acetate were used, four products were observed by thin- 

layer chromatography. The mixture was bioassayed, and ho ac t iv i ty  was 

observed. This mixture was not subjected to further separation 

procedures.

As a consequence of the observation tha t  no oxetanyl derivatives 

were act ive ,  a new working structure  was suggested, (39), for heImin- 

thosporoside, as depicted in Figure 40. The two isomers, (39a) , and 

(39b) , are the l a s t  possible combination of carbon, hydrogen, and 

oxygen atoms tha t  would sa t is fy  the previous physical and chemical data 

obtained for helminthosporoside.



Table 6. Galac tos ides  produced by a mercury-ion a s s i s t e d  g l y c o s i -

d a t io n ,  t h e i r  Rp and values obta ined  from th in -

l a y e r  chromatography on s i l i c a - g e l  using the  so lven t

system (e thyl methyl k e to n e-e thano l -w a te r ,  75:12:6 ) .  
OH

R r F RGal

—  H 0.074 1 . 0

- C H 2 C H 2 C H 2 O H 0.23 3.1

I O 0.32 4.3

—  C H j  ( a u t h e n t i c ) 0.29 3.9

- C H 2 C H 3 0.48 6. 49

-
O C1

K>
X0I0

1I 0 .58 O
O

-D
a,

— C H 2 C H 2 C H 3 0.60 8. Il

OIlO
X

01 0. 5 9 7.97

- C H 2 - C - C H 2  ( a u t h e n t i c ) 0.58

<TC
O

C H 3

— C - C H o C H - r 0.64 8 .65

- C H 2 C H 2 C H 2 C H 3 0.65 8.78
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Table 7. Bioassays on 51NG97 with some a -D -ga lac to s ides  having

two and th ree  carbon aglycones;  runner length  was d e t e r ­

mined 3 days a f t e r  a p p l i c a t i o n .

H

R

length of  lesion 
a t  350\jg per spot 

( m m )

length of  les ion 
a t  700pg per spot 

( m m )

— CHgCHg 1.5 15

—C HgC HgC Hg 

= h3
- C - chJ

3.7

1.0

7.0

2.5

-CHgCHgCHgOH 0.0 1.0

The sy n th e t i c  s t r a t e g y  considered f o r  ob ta in ing  the  d e r i v a t i v e s ,  

(39a) ,  and ( 39b) , was very lengthy and requ ired  a la rge  number of 

i n t e r m e d ia t e s . The dioxan l i k e  s t r u c t u r e  of these  compounds was 

p o te n t i a l  Iy a v a i l a b l e  by the re a c t io n  o f  a l l y !  a -D -ga la c to p y ran o s id e ,
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Figure 39. Mercury-ion a s s i s t e d  g ly co s id a t io n  with 3 -o x e ta n o l .

CHoOH

HO--CH2
Figure 40. The four th  proposed s t r u c t u r e  fo r  helmin thosporoside.
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(20) ,  with a mercury ( I I )  s a l t  via a so lvomercura t ion-dernercura t ion , 

ob ta in ing  40. Mercuric a c e t a t e  is  known to b e t t e r  f a c i l i t a t e  formation 

of the  t e t rahyd ro fu ran  r in g ,  than the te t rahydropyranyl  r ing adduct ,  

through an in te rn a l  solvomercuration-dernercura tion r e a c t io n .  Mercuric 

s u l f a t e , on the o th e r  hand, f a c i l i t a t e s  a l a r g e r  percentage of the 

te trahydropyranyl r ing f o r m a t i o n . ^  When the re a c t io n  was c a r r i e d  out 

with mercuric a c e t a t e ,  the  only product observed was 41, as in d ica ted  

by Figure 41.

Hg(OAc)

Figure 41 Solvomercuration-dernercuration with mercuric a c e t a t e .
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Upon reacting 20 with mercuric su l fa te ,  two products were observed 

(Figure 42), the lesser  mobile, by th in- layer  chromatography, was iden­

t ica l  to the product; (4JJ , 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 th is  l ine of 

investigation presented i t s e l f  a f te r  re-examining the CMR spectrum of 

helminthosporoside.

Figure 42. Solvomercuration-demercuration with mercuric su lfa te .
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In an attempt to verify the presence of.a C-2 linkage in the toxin, 

a method u t i l iz in g  reported CMR data was, investigated. The method will 

be discussed in deta il  in Section 3. The CMR resonances from helmintho- 

sporoside are found in Table 4 (page 31). Figure 43 shows the method of 

representing CMR data for easy comparison of he!minthosporoside to the 

two glucoside anomers. The only types of molecule tha t  compared with the 

resonances of helminthosporoside were the 6 -D-glucopyranosides, since 

a- and e-D-galactopyranosides did not favorably compare to any of the 

nine major CMR resonances obtained for helminthosporoside. Al so, from 

th is . type  of comparison, the molecule does contain a C-2 linkage.

After the l a t e s t  CMR data ana lys is , the glucosides, (42), were 

suggested as possible st ructures for helminthosporoside, as shown in 

Figure 44. This, structure.was contrary to the previous data, i . e . ,  a 

galactose molecule containing an alpha linkage. In l igh t  of this  

anomaly, i t  was necessary to abandon all  synthetic approaches and 

concentrate on re - iso la t ion  of helminthosporoside, checking for purity 

and possible ways of advancing the techniques for i t s  iso la t ion  and 

puri f ica t ion .

A flow sheet summarizing the method u t i l ized  for iso la t ion  of hel­

minthosporoside is given in Figure 45. This method has been used by 

Strobe!1s laboratory, and resulted in the isolat ion of a yellow-brown 

syrup, indicat ive of an impure carbohydrate mixture.

None of the purif icat ion steps had included activated charcoal,
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and thus th is  seemed a reasonable procedure to include. An ethanolic 

solution of the toxin preparation was heated to boiling with activated 

charcoal . The mixture was then f i l t e r e d ,  and the f i l t r a t e  was taken 

to dryness at  40°C. When the resulting material was bioassayed, there 

appeared to be no loss of toxic ac t iv i ty .  However, even though the 

physical appearance of the preparation improved, i t  s t i l l  had a s l igh t  

color. The next step pursued in fur ther  purif icat ion of the toxin 

preparation involved high presure l iquid chromatography, using a y-bon- 

dapak carbohydrate column. To se lec t  the proper solvent system, i t  was 

important to understand how the toxin behaved re la t ive  to other carbo­

hydrates. A series  of solvent systems was selected that  varied in the 

percentage of a ce to n i t r i le  to water. Various carbohydrates, methyl 

a - D - g l ucopyranoside, glucose, maltose and maltotriose (Figure 46) were 

compared to the toxin in these solvent systems.
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Culture of H. sacchari
■ ~  T "

f i l t e r  through cheesecloth and Whatman #1 and #50 f i l t e r  paper■r- .
concentrate, 1 / 1 0  original volume 

I
Add three volumes of acetone at  4°C

I
Discard ppt.

evaporate, 1 / 1 0  original volume
I

extract  with three successive 1/4 volumes of water-saturated butanol

» Discard water fraction 

concentrate, 1 - 2  ml
I •

Bio-gel P-2, 200-400 mesh, chromatography column
■ I

concentrate, I ml
I'

descending paper chromatography, system ( I -butanol-acetic  acid- .

0.30 water, 4:1:5)

concentrate ; I ml
I

descending paper chromatography, system ( I -propanol-ammonium

0.80 hydroxide-water, 6 :3 : I )

helminthosporoside prep.

Figure 45. Flow sheet summarizing the isolat ion procedure

for  obtaining the helminthosporoside preparation. '
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A plot of the da ta , as seen in Figure 47, shows the toxin midway 

between the monosaccharide, glucose, and the disaccharide, maltose. 

In terest ingly  enough, i f  the toxin had any one of the e a r l i e r  proposed 

s t ruc tures ,  i t  might be expected to have a retention time near that  of

maltot r iose

Figure 46. The carbohydrates used for comparison on HPLC.
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methyl a-D-glucoside, but not greater than glucose. I t  is impbrtant . 

to note tha t  all  of the plotted l ines ,  except for methyl a-D-glucopyra- 

noside, in te rsec t  a t  a single point coinciding with the void volume. 

This occurs a t  62.5% a ce to n i t r i le .  With percentages of ace ton i t r i le  

less than 62.5, no separation can occur.

The solvent system, (ace ton i t r i le -water ,  78:22), was used in the 

separation of components from the helminthosporoside preparation. A 

plot of the charcoal-treated helminthosporoside preparation a f te r  sep­

arat ion on the y-bondapak column is shown in Figure 48. The curve 

represents the detector ( ref rac t ive  index) response. The bar graph '

represents a measure of a phenol-sulfuric acid analysis for each tube.
41This analysis was u t i l ized  for determining tota l  carbohydrate. . Only 

one region of tox ic i ty  was found, and i t  was always present a t  about 

14-15 minutes from in je c t io n , depending on the run. The toxic i ty  is 

indicated on the bar graph by using solid bars to indicate the d i s t r i ­

bution of the ac t iv i ty .  I t  was important to wait a t  l e a s t  one and two- 

thirds hours between in jec t io n s , because, of the slow bleed-off of ma­

terials  from the sample.

The u l t r a v io le t  spectrum of the HPLG toxin preparation was also 

obtained, and is shown in Figure 49. Since the curve is broad (extend­

ing from 190-250 nm), there probably is more than one u l t r av io le t  ac­

tive substance in the preparation.

After separation by HPLC, the active material was pooled and
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M a x  X 2 2 9 n m

3 0 0  . 3 5 0

nm

Figure 49. Ultraviole t  absorption spectrum of the HPLC preparation.
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placed on a 295 x 0.8 cm. Bio-gel P-2 (-400 mesh) chromatography column, 

' ' 
described in Section 4. The column eff luent  was monitored by a flow- .

thru cell  a t  196 nm, and all  peaks were subsequently bioassayed for

phytptoxicity. For a typical run, all  peaks were checked for primary

amine funct ional i ty  by reacting the fract ions with fluorescamine.

The material with toxic ac t iv i ty  had no reation with f I Uorescamine,

while 75 ng of glycine gave a posi t ive reaction. With a typical run,

all  f ractions around the peak containing toxic ac t iv i ty  were analyzed

for to ta l  carbon, as shown in Figure 50.

To be t te r  observe the symmetry of the toxin peak by the u l t rav io­

l e t  monitor and determine whether the toxin would de te r iora te  by degra­

dation to other components, the fract ions within the U,V. absorbing 

peak, containing toxic a c t iv i ty ,  were pooled and placed back over the 

same column (Figure 51). The toxin gave one major peak a t  92.9 ml, and 

did not appear to have degraded during the various manipulations, as 

evidenced by the lack of other peaks in the elution profi le^ typical of 

smaller molecular weight compounds.

An u l t r av io le t  spectrum was then obtained from the pooled toxic 

fractions encompassing four areas of the peak. A representative u l t r a ­

v io le t  spectrum is found in Figure 52. I t  is in teres t ing  to note that  

simple carbohydrates like glucose, cel lobiose, maltotriose and even 

dextran T-40, have u l t r av io le t  spectra with absorption maxima at  192 nm. 

But, ally! a-D-galactopyranoside has an u l t r av io le t  spectrum with t h e .
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absorption maximum at  195.5 nm. This resu l t  is comparable to the ab­

sorption maximum of the toxin.

I95nm

Figure 52. Ultaviolet  spectrum of the Bio-gel P-2 purif ied toxin.

The elution volume obtained for the toxin was compared with values 

of other a-glycosides. Figure 53 Shows the Sizing d is t r ibu t ion  o f  the 

a-glucosides 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 r e s i ­

dues in the oligomer.

Tube Number

Figure 53. Separation of the a -g lucosides in corn syrup.
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The plot in Figure 54 is a s t ra igh t  line obtained from plott ing 

(Ve/Vo) vs. log(molecular weight) of the a-glucosides from Figure 53. 

By comparing the elution volume of the toxin to th is  p lo t ,  the number 

of residues may be estimated to be 3.65.

>  1.7-

log molecular weight

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

a-glucosides in corn syrup.
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I t  was of in te res t  to compare the elution volume of an a-galacto- 

si.de, having a three carbon aglycone, to the data for the toxin. AlTyl 

a-D-galactopyranoside was placed on the Bio-gel P-2 column; the elution 

prof i le  obtained by monitoring a t  196 nm is seen in Figure 55. The re ­

su l ts  obtained for a l ly l  a-D-galactopyranoside are tabulated with the 

toxin data in Table 8 . Thus, i t  appears tha t  the toxin is approximate­

ly 1.25 residues larger than ally! a-D-galactopyranoside. This is in­

terest ing  since they both have nearly the same Rp values oh paper chro­

matography (Table 9). The difference in size can not be explained by 

merely adding more carbohydrate res idues, since the polar i ty  increase 

associated with more residues would severly slow the molecule down in 

paper chromatography systems.

At th is  juncture i t  seemed important to look into the development 

of a be t te r  bioassay system to quanti tate  helminthosporoside. The 

f i r s t  consideration was a pollen bioassay; however, a f te r  some attempts 

i t  seemed an impossibili ty to obtain sugarcane pollen. The next pos­

s i b i l i t y  was to look more closely a t  the exist ing method for bioassay­

ing the toxin, with, the hope of finding a way to improve on the system. 

I t  seemed very important to consider the structure  of the lea f  while 

searching for  a bioassay system. The sugarcane leaf  has i t s  structural  

base, a midrib, found a t  the center of the leaf  and running from the 

sta lk  to the leaf  t ip .  On e i ther  side of the midrib are large veins 

evenly spaced from the center to the edge of the leaf .  Between these
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Table 8 . Elution Volume and estimated number of residues for the 

toxin and ally! a-D-galactopyranoside.

Compound Elution Volume(ml) Ve/Vo
No. of 

Residues

toxin 92.9 1 . 8 8 3.65

a l ly l  a-D-galacto­
pyranoside 103.0 2.09 2.4

Table 9. Rp and Rqq-J values of a l ly l  a-D-galactopyranoside and 

he!minthosporoside on Whatman #541, with the solvent 

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

Compound RF RGal

galactose 0.4 1 . 0

he!minthosporos ide 0.67 1.67

a lly l  a-D-galactopyranoside 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 ac t iv i ty  on sugarcane leaves, i t  became appar­

ent that  the large veins were generally the s i t e  for the long runners, 

i . e . ,  when a puncture was made away from a large vein, crossing over 

would occur, enabling the toxin to eventually find i t s  way to the large
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Figure 56. Cross section of a sugarcane leaf.

(This photo, taken of a scanning electron micrograph, was 

generously provided by G. A. Strobel . The l e t t e r  V indicates 

the position of the veins.)



76
vein and subsequently traverse  the lea f ,  making a long runner. I t  

seemed reasonable that  punctures close to and/or on the large veins may 

cause more.reproducible resu l ts .  By using a syringe, which is flexible,
I

the r ig id i ty  of the veins precluded d i rec t  puncture. Therefore, a 

non-flexible tool was required for puncturing the veins. Puncturing 

tools were machined (in mechanical engineering) from sewing needles, 

size 1/10, to obtain a razor edge 350-500 microns in width, as shown in 

Figure 57.

The following experiment was performed to check the importance of 

puncture posit ion. A sugarcane leaf  was punctured between and on large 

veins (Figure 58), a t  posit ions where a microli ter  of toxin solution 

had been placed. Within 45 minutes and a f te r  2.5 hrs data were obtain­

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

veins were much larger than those obtained from punctures between.the 

veins. I t  also was seen, (puncture #3),. tha t  crossing over to a large 

vein improved the runner length. The crossing over phenomena is thus 

potent ia l ly  the source of large variance in the bioassay data. .

To verify the previous re su l ts ,  a series of 63 punctures were made 

in sixteen leaves. Most punctures resulted in runners extending the 

ent i re  length of the excised leaves; therefore ,  runner length could not 

be used as the only c r i t e r i a  for analyzing the l e a f ' s  response to the 

d i f fe ren t  puncture posi t ions. Runner in tensi ty  and runner length Were 

observed, as tabulated in Table 10. There were three times as many



Figure 57. 
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Position of Punctures on the Leaf

Puncture number I 2 3

Runner Length at 
45 min. 5cm 15.5cm 6cm 14cm

Runner Length at 
2.5 hrs. 6.5cm 18cm' 9.5cm 16.5cm

(Crossing). . 
over

Figure 58. Preliminary bioassay to t e s t  the hypothesis of

injecting the larger veins for be tter  runners.

runners with poor in tensi ty  from punctures between the veins as from 

punctures in the vein. The average length of the runners With poor 

in tensi ty  resulting from punctures between the veins was 26% less than 

those runners with poor in tensi ty  from punctures in the vein.

Even though th is  system looked very promising, i t  was not used 

for quanti ta t ion ,  because available time and Other research commitments 

did not allow development of a quanti tat ion scheme for th is  assay sys­

tem. Therefore, chemical and instrumental analysis were performed on 

the toxin preparation obtained from the Bio-gel P-2 column, without 

quanti tat ion of biological ac t iv i ty .

As a r e su l t  of these analyses, a preliminary s tructure  for helmin-
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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

1.5 0 . 0 3.2 9.5

Percentage Of Total Possible 
Lesions, For Runners With Poor 

___________ Intens i ty____________

In Vein Between Veins

100.0 73.9

thosporoside, (43), was formulated; this  s t ructure  is presented in Fig­

ure 59. This st ructure  will be used through out the remaining discus­

sions of chemical and instrumental data.

Figure 59. Apreliminary proposed s tructure  for helminthosporoside.
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A sample of the tox in , obtained from the Bio-gel P-2 column,' was 

sent to MIT for.mass spectral ana lys is . High resolution f ie ld  desorp-r 

tion spectra were obtained of the free and peracetylated toxin. A . 

flow sheet showing the fragments of the peracetylated toxin is present-r­

ed ip Figure 60, and a drawing showing the major cleavages is presented 

in Figure 61. From these data, i t  is c lear  that  a t  l eas t  two carbohy­

drate residues are present. Also, ah aglycone is present having the 

formula, C-j^HggOg. No molecular ion was observed in th is  spectrum, but 

the [M + H] ions were observed. I t . i s  quite common in f ie ld  desorption 

mass spectroscopy to find the [M]+ and/or [M + H]+ ions formed.^

Interest ing information concerning the carbohydrate linkages may 

be obtained from the mass spectrum. I t  was shown by lehmann et  a l . 46  

that  f ie ld  desorption mass spectrometry can be used to d i f fe ren t ia te  

a- and B-stereoisomeric glycosides. There was a difference in the s ig ­

nal in te n s i t ie s  for  the carbohydrate moiety due to a cleavage between 

C-I of the sugar and the glycosidic oxygen. In one.case, the a-anomer 

fragmentation was enhanced, by a fac tor  of 2 or 3 compared to the Ŝ  

anomer. In another case, the a-anomer fragmentation was enhanced by a 

factor  of 5 compared to the B-anomer. Since the in te n s i t ie s  of the 

two fragments a t  331 and 619 m/e are s imilar ,  i t  seems reasonable that  

both residues have the same configuration at  C-I.

A f ie ld  desorption mass spectrum was also obtained of the free 

toxin. The fragmentations are shown in Figure 62, and the major
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-(CH
42

_ ( C1 5^210 2̂ " 
233

-(C1 2 H1 6 0

288

Figure 60.

m/e
854

Formula

853 M-H . ' C26H35°18'C15H21Q' H
-852 M(not observed) C26H350 T8"C15^21°

-837 C26H35°18"C14H18°
-836 C26H35018 'C14H17°

-810 C24H33017"C15H21° .

-794
793 C24H33017 'C14H17°

t619 C26H35°17

4)77 C24H33°16

-=331 C14H19°9

289 C12H17°8

43 CH-CO

Fragmentations from, the peracetylated toxin.
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I Ac J [
H OAc

OAc 619
637

Figure 61. Major cleavages of the peracetylated toxin.

cleavages are represented in Figure 63. The molecular ion is not ob­

served in th is  spectrum, but signals at  584 and 585 are observed; these 

may be due to impurities. Again the aglycone portion was observed, 

with a tota l  molecular formula of ^ 5H22^2‘ Comparison of the signal 

in tens i t ie s  can not be used in this  spectrum due to the cleavage

position.
m/e Formula

585 ? 
584 ?

558 M(unobserved) C19H01O11-C11-H91O12n21ul l ' v15n21

r 379

1-217

Figure 62. Fragmentations from the free toxin.
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C H oO H

Figure 63. Major cleavages of the free toxin.

At this junc tu re , i t  is in te res t ing  to note that  another fungus of 

the same genus, Eelminthosporium sativum , was shown to contain two sim­

i l a r  t o x i n s . F i g u r e  64 shows these tox ins , prehelminthosporol, 

(44a) , C-j5 H2 4 O2 » and 9-hydroxyprehelminthosporol, (44b) , ^ 5^2 4 ^3 - The 

aglycone of helminthosporoside must have at  leas t  5 degrees of unsatur­

ation according to the molecular formula. I f  the toxin, (44a), had one 

more degree of unsaturation i t  would f i t  the molecular formula.

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 e a r l i e r  obtained proton NMR 

spectrum. Table 11 l i s t s  all  the resonances and th e i r  in ten s i t ie s .

The resolution of th is  NMR spectrum appears to be be t ter  than the ear­

l i e r  NMR spectrum, allowing one to in te rp re t  the signals a t  CL829 and

0.764 ppm to be most l ike ly  signals from the toxin and not due to an 

impurity, as e a r l i e r  suggested.^  The signal a t  5.14 ppm was suggested 

e a r l i e r  to be due to the anomeric proton; but upon inspect ion, there 

are actually  six major signals in the region down-field from the DHO.. 

peak. The signals appear too complex to resu l t  from only an anomeric 

proton.

No signal in the NMR spectrum can be assigned to a cyclopropyl 

residue, which rules out the cyclopropyl group being part  of the mole­

cule. On the whole, the proton NMR spectrum is far  too complex to be 

the resu l t  of a nine carbon glycoside. A Figure in reference 47 depic­

ted the proton NMR spectrum of a derivative of 44a. This NMR spectrum 

with assignments, is shown in Figure.6 6 . By comparison of the NMR 

spectrum of helminthosporoside (Figure 65), nearly a l l  the signals of 

the spectrum in Figure 66  can be accounted for in the spectrum of 

helminthosporoside. The doublet a t  4.537 ppm has a coupling constant 

of 3 Hz and could be due to the proton H ; the signals a t  3.573 and . 

3.607 ppm could be a doublet due to the protons Hf ; the broad signal a t

2.548 could be due to the proton H ; depending on the derivative ,  the
9



helm
inthosporoside preparation.
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Table 11. Signals observed in the proton NMR spectrum 

the reference is DSS substi tuted.

PPM Intensity PPM (Corrected to 
ppm for DH )

5.453 183 5.405
5.291 304 5.243
5.188 1048 5.14
5.090 377 5.042
5.027 150 ■ 4.979 .
4-973 372 4.925
4.914 164 4.866
4.89 185 4.842
4.806 ' 5994 (DHO) 4.758
4.6 103 4.552
4.57 91.5 ' 4.522 ■
4.39 142 4.342
4 . 2 8 7 147 4.239
4 ; 12 967 4.072
4.057 2445 4.009
3 . 8 7 0 600 3 . 8 2 2
3.772 1433 3.724
3 . 6 9 4 ' 172.7 3.646
3.655 728 3.607
3 . 6 2 1 549 3.573
3.513 164 3.465
3 . 4 8 8 144 . ■ 3.44
2 , 5 9 6 175 2,548
2 . 0 2 3 173 ■ 1.975
2 . 0 0 4 178 1.956 .
1.822 357 1.774
1 , 7 7 3 330 1.725
1.670 812 1.622
1.504 184 1.456
1.494 184 1.446
1.401
1 , 2 9 8

. 2 5 4 1.353
320 1 . 2 5

1.195 161 . • 1.147
1 . 1 2 2 257 . 1.074
0,877 6 8 6 0 . 8 2 9
Q J 6 4 320 0.716

758
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signal for proton can d ras t ica l ly  move in the proton spectrum; the

large signal a t  I . §22 ppm may be due to the protons H.; arid the large 

signal a t  0.829 ppm may be due to the protons H.. '  Since there is only 

one major signal in the region for the H. protons, i t  seems possible

that  the unsaturation may be between C-9 and C-IO or C-II

P E A K  P O S I T I O N S  
I N  T  U N I T S

n U 1 b
5 J 7  6.25

5,  62 ' 
J-Ic/.

VjY AV

1̂V ihW W kV 4H ' 'TVZ^VlWVf 2H ww-rnY- 7 19H
Figure 66. Proton NMR and assignments, of a derivative of prehel-

27. minthosporol, made by P. DeMayo e.t a l . Reproduced

, by permission of the National Research. Council of

Canada from the Canadian Journal of Chemistry, Volume 
43, pp. 1357-1365, 1965.



Since mass spectroscopy showed the. presence of two carbohydrate

moieties, samples of the Bio-gel P-2 purif ied toxin were sent to two

dif feren t  groups for methylation analysis.  The only carbohydrate found
40

was galactose. Reihold concluded, a f te r  methylation ana lys is , that

the toxin contained a terminal galactofuranosyl residue -and some 2,3,6- .

and 2 ,3-methylated galactose. He f e l t  the 2*3-methylated galactose may

arise  from incomplete methylation. The ra t io  was approximately one
50terminal to one internal residue. The second group concluded, a f te r  

methylation analysis,  tha t  the compound contained a terminal galacto­

furanosyl residue and 2 ,3 ,6-methylated galactose, in a r a t io  of e i ther  

1:1 or 2:1. These two analyses agreed with the resu l t  of a terminal 

galactofuranosyl residue and a 2 ,3 ,6-methylated galactose. The internal 

galactose could e i ther  be a 4-1 inked galactopyranosyl or a 5-1 inked, 

galactofuranosyl residue.

A CMR spectrum was obtained on the same sample, and is depicted in 

Figure 67. Table 12 l i s t s  all  the resonances.(twenty-one) and the i r  

in te n s i t ie s .  This spectrum clearly  shows th ir teen more resonances than 

were distinguished in the e a r l i e r  spectrum. One resonance (63.14 ppm)■ 

is e i ther  not present in th is  spectrum, or is too close to another 

resonance to be resolved. Other than the one missing resonance , the  

other eight are iden t ica l ly  present, Including the ra t io  of the i r  in­

t e n s i t i e s .  When the e a r l i e r  spectrum was compared to th is  spectrum, the 

th ir teen  signals not previously recognized can be located; but the ra t io
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Table 12. CMR resonances of the he Tmin th os p o ro side prepara­

t ion;  the reference is DSS substi tuted.

ppm corrected to
PPm Intensity external TMS

149.117 4042 147.185
144.212 2830 ■ 142.28
123.56 2420 . 121,628
121.78 1686 ■ 119.848
116.829 2526 " . 114.897
109.706 8480 107.774
109i006 4135 107.074 .
107.838 2272 . 105.906 .
85.184 9143 83.252

. 83.842 16166 81.91
79.054 11022 77.122
78.703 7910 76.771
77.127 2718 75.127
73.507 3105 71.575 '
73.099 9520 71.167 .
65.450 9292 63.518
63.815 8108 61.883
44.022 2595 42.09
37.95 4124 36.018
24.638  • 2950 22.706
23.004 4160 21.072
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of signal to noise is such that  the signals might be considered noise. 

The in ten s i t ie s  of these smaller signals are discussed in Section 3. 

Since the in ten s i t ie s  are dependent on relaxation times, a d i rec t  com­

parison can not be made with the larger signals of the carbohydrate 

moieties.

The resonances a t  119.8, 121.6, 142.3, and 147.2 ppm could be due

to double bonded carbons. The in tensi ty  of these signals correlate

with the other signals of the aglycone, giving more substance to the

p oss ib i l i ty  that  the aglycone has two double bonds. •
13From analyses of the C-NMR spectrum of the toxin (Section 3), 

i t  was observed that  galactose was present in two forms, a terminal 

3 -D-galactofuranosyl residue, and internal 5-1 inked B-D-galactofuranosyl 

residue.

At th is  juncture a molecular formula may be written for the toxin, 

^27^42^12’ anc* molecular weight would then be 558.62859. The f o l ­

lowing elemental rela tionship can be writ ten:

C, 58.05; H, 7.58; 0, 34.37.

A carbon-hydrogen analysis was obtained from Galbraith Laboratories on 

the toxin, and gave the following elemental relationship:

C, 42.88; H, 6.97; N, <0.5.

This resu l t  is indicat ive of a number of p o s s ib i l i t i e s :  The toxin may

not be the s tructure  derived in th is  paper, or there may be impurities 

in the toxin preparation, which would cause the values to be inconsis-
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t an t ,  or both of the above. A problem also appeared in the proton NMR. 

The integration of the NMR spectrum was not consistant  with the propos­

ed s t ruc ture .  There were too many protons in the carbohydrate region 

(3.5-4.2 ppm) to favorably compare to the number of protons in the 

a l iphat ic  region. Also, the tota l  carbon analysis of the Bio-gel P-2 

column eff luent  appeared to r e f le c t  a constant bleed off  of mater ia l .

I t  is in te res t ing  to compare the molecular weight obtained on the Bio­

gel P-2 column to the molecular weight of the postulated st ructure.

The Bio-gel P-2 column gave an elution volume corresponding to 3.65 

residues, which is equal to a molecular weight of 621. For th is  method 

the value is as close as can be expected. '

Therefore, the s t ruc tu re ,  (43), in Figure 59 is a preliminary 

postulated working s tructure  for helminthosporoside. We submit, that  

th is  s t ructure  is only a working s t ruc tu re ,  and does not necessarily 

depict an exact s t ructure  of the toxin.

/ ' -



SUMMARY

Al I compounds tha t  were made, with the aid of organic synthesis , 

having the or ig inal ly  postulated molecular formula of CgH^Op ware not 

similar  to helminthosporoside, with respect to chromatographic mobility, 

and tox ic i ty .  One compound, al lyl  a-D-galactopyranoside, was toxic 

(at  high levels) to sugarcane leaves (clone 51NG97). Another compound, 

propyl a-D-galactopyranoside appeared to have some tox ic i ty .

After using the three additional isolat ion steps,  act ivated char­

coal, HPLC, and a Bio-gel P-2 (-400 mesh) column, the toxin was obtain­

ed in a white powdery form. The elemental analysis of the toxin did 

not corre la te  with the mass spectral data; th is  may be due to possible 

impurities eluting from the Bio-gel column.

From high resolution mass spectral data, which correlated with PMR 

and CMR data, a molecular formula was suggested, C27H42®12* A terminal 

3 -D-galactofuranosyl residue, and an internal 5-1 inked B-D-galactofur- 

anosyl residue were shown to be present:. A strong corre lat ion was made 

of the aglycone moiety to prehelminthosporol. A working structure  for 

the toxin was proposed, as seen in Figure 59. I t  is f e l t  that  the na­

t ive toxin may have a t e r t i a r y  hydroxyl a t  C-9 of the aglycone. I f  the 

hydroxyl were eliminated during iso la t ion ,  the resul tan t  product would 

be identical to the proposed s t ruc ture .  At this  juncture, more exper­

imental work is required for the evaluation of the uncertain points
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that  remain in the working s truc ture .  There are a t  l eas t  two methods 

that  could be used to verify the anomeric configuration of the carbohy­

drates . Chemical oxidation by CrOg will p referen t ia l ly  oxidize the

ct-galactofuranoside. compared to the e-gala c t o f u r a n o s i d e . An exo-3-
52

galactofuranosidase has been isolated from Fenioillium charlesii.

This enzyme will only hydrolyze a e-galactofuranoside. I t  will not 

hydrolyze an alpha derivative ,  and i t  will not hydrolyze an a- or 3- . 

galactopyranoside.



EXPERIMENTAL

Throughout th is  work, absorbances, for phenol su lfur ic  acid deter­

minations , were obtained on a Bausch and Lomb spectronic 70, u l tav io le t  

spectra were obtained on a Beckman model 25 spectrophotometer, and col­

umn eff luents  were monitored on a Gilson Hollochrome variable wavelenth 

monitor. High pressure l iquid chromatography was accomplished on a 

Waters Associates l iquid chromatograph using a d i f fe ren t ia l  refracto-  

meter, and equipped with a single mini pump. Optical rotat ions were 

obtained on a Carl Ziess Circle Polarimeter .0.01°, using a sodium lamp. 

Infrared spectra were obtained on both the Beckman-IRSA infrared spec­

trophotometer and Beckman-IRZO infrared spectrophotometer. NMR were 

obtained on a Varian model T-60 NMR spectrometer, using carbon tetrachlo­

r i d e  or deuterated chloroform for non-aqueous compounds, and deuterium 

oxide for aqueous compounds'. An as ter isk  (*) appears a f t e r  a l l  CMR or. 

NMR obtained by James S. Frye a t  the CSU Regional NMR Center, Department 

of Chemistry, Colorado State University, Fort Collins,  CO 80523. All 

resu l ts  obtained were with respect to, DSS, substi tuted.  Mass spectral 

analyses on samples of helminthosporOside, were obtained from C, E. Cos­

t e l l o ,  Department of Chemisthy, MIT, Cambridge, MA 92139. All thin 

layep plates were developed by spraying them.with a solution of !.% po­

tassium di chromate (w/v) in 50% su lfur ic  acid (v/v), and subsequently . 

heating the plates a t  IOO0C, for 5-10 minutes. AU melting points
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and boiling points are uncorrected. Al I elemental analyses were ob­

tained from Galbraith Laboratories I n c . , Knoxville, IN 37921.

Throughout th is  work, the following solvent systems were used for 

chromatographic purposes: a. (carbon tetrachloride-methanol, 9:1);

b. (carbon te trachloride-ethyl  ace ta te ,  80:20); c. (carbon te t rach lo­

ride-ethyl aceta te ,  80:17); d. (carbon tetrachloride-ethyl  acetate , 80: 

15); e. ( 2-butanone-ethanol-water, 75:8:3); f . (ethyl ace ta te - l igh t  

petroleum ether 35-60°C, 3:2); g. (ethyl acetate-water-methanol, 84:18: 

28); h. ( I -butanol-ethanol-water-ammonium hydroxide, 40:10:49:1); i . 

(carbon tetrachloride-ethyl  ace ta te ,  80:30), j . ( I -propanol-ammonium 

hydroxide, 66:33); K. (carbon te trachloride-ethyl  ace ta te ,  80:40);

I. (diethyl ether-toluene,  2:1); m. (diethyl ether-petroleum ether 35- 

60°C, 22:3); n. (diethyl ether-petroleum ether 35-60°C, 22:6), o. (2- 

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

Preparation of diethyl dimethyl malonate 5̂

diethyl methyl malonate:

In a I l i t e r ,  3-necked f lask ,  equipped with a reflux condenser, 

addition funnel, and placed over a large dish (for ice water) on a mag­

netic s t i r r e r ,  was slowly added diethyl malonate (73,3 g, 0.46 mol) to 

a cooled (20°C) solution of sodium ethoxide prepared from sodium (10 g, 

0.44 mol) and dry ethanol (200 ml). To th is  reaction mixture methyl 

iodide (61.1 g, 0.43 mol) was gradually added. The resulting white so­
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lution was cooled, in an ice .bath. After the reaction was under contro l , 

i t  was refluxed for  2 hrs. Ethanol was then d i s t i l l e d  from the yellow 

solution. Water (160 ml) was added and the mixture was separated. The 

products were d i s t i l l e d  to give a mixture of diethyl malonate and d i ­

ethyl methyl malonate (63.7 g, 85% yie ld ) .

bpgg 98.5-102°C L i t e r a t u r e ^  bp^Q 201°C

diethyl dimethyl malonate:

The product obtained from the previous reaction was added to a 

cooled (20%) solution of sodium (10.4 g, 0.45' mol) and dry ethanol (200 

ml). Methyl iodide (63.8 g, 0.45 mol) was added to th is  solution. The. 

apparatus and work up are the same as the preceding reaction. The sep­

arated material was d i s t i l l e d  to give a clear  l iquid (54.6 g, 66% yield 

overal l) .

bp2 2 96-9°C ■ Litera ture54 bp22 97-8°C

NMR-1.25 ( t r i p l e t ,  6H), 1.37 ( s ing le t ,  6H), 4.11 (quarte t ,  4H) ppm.

Sodium-ammonia reduction of diethyl, dimethyl malonate

The reaction was conducted in a 500 ml, 3-necked flask equipped, 

with an addition funnel, reflux condenser connected to a mercury trap,  

and a rotat ing sample tube (used for introduction of ammonium chloride).



9 8

Sodium (0.92 g , 0.04 mol) was added to l iquid ammonia (75 ml) and am­

monia vapors were removed with a l te rna te  repeated evacuations and n i t ro ­

gen pressure. Over a period of 2 h r s , a solution of diethyl dimethyl .
I  Q

malonate (1.9 g, 0.011 mol) in anhydrous ether (100 ml) was added. .

At the disappearance of the blue color,  the ammonia was allowed to evap­

o r a t e  and the reaction vessel was flushed with nitrogen. Ammonium 

chloride (1.07 g, 0.02 mol) was added with the aid of . the  rotating sam­

ple tube, the mixture.was s t i r r e d  for 0.5 hr.and f i l t e r e d .  The solution 

was analyzed by glc using a 10',  SE-30 column at  120°C, with a flow rate  

of 30 cc/min.

Lithium-ammonia reduction of diethyl dimethyl malonate

Lithium (1.388 g, 0.2 mol) was added to l iquid ammonia (300 ml) as 

described previously. Over a period of 2 hrs, a solution of diethyl 

dimethyl malonate (9.4 g, 0.05 mol) in anhydrous ether (.100 ml.) was add­

ed^ After 2 hrs ammonium chloride (5.35 g, 0.1 mol) was added to quench 

th e  r e a c t i o n  , and a f t e r  s t i r r in g  for 0.5 hr the ammonia was allowed 

to evaporate. The l a s t  traces of ammonia were removed by flushing with 

nitrogen, and the reaction mixture was f i l t e r e d .  The f i l t r a t e  was ana­

lyzed on a 10 ',  SE-30 column a t  120°C, with a flow rate  of 30 cc/min.

Visualization of the cyclopropane ring with antimony t r ich lo r ide  ;

The compound was f i r s t  spotted on f i l t e r  paper.or s i l i c a -p la te s .  .
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A solution of antimony t r ich lo r ide  in chloroform was then sprayed on

the compound. To f a c i l i t a t e  a react ion, the paper or plates were heat-
53ed a t  90°C for  3-4 min. Both a p a r t icu la r  color, and fluoresence in . 

the U.V. may be distinguishing factors .

POPreparation of methyl a- and p-D-galactopyranosides 7_, 8

Anhydrous D-galactose (250 g, 1.39 mol) was refluxed in a' 3-necked, 

3 l i t e r  flask',, f i t t e d  with a reflux condenser and mechanical s t i r r e r ,  

containing a solution of hydrogen chloride gas (40 g ) . in  dry methanol 

(2% w/v, 2000 ml) until  i t  dissolved (20-30 min). This solution was 

refluxed for an additional 7 hrs and then cooled. After adding lead 

carbonate (200 g),  the solution was s t i r r e d  for 3 hrs, a t  which t im e . i t  

was neutral to moist litmus paper. The lead salts were removed with aid 

of c e l i t e  and washed with methanol (200 ml).. Upon evaporation of the 

methanol, a yellow syrup remained, which crys ta l l ized  upon addition of 

water (80 ml). For recrysta l l iza t ion ,  the a-anomer was dissolved in boil- 

ing water (2 g/ml H2O), and f i l t e r e d .  The solution was allowed to cool 

to 50PC and was seeded. The mixture was allowed to stand for I day at  

room temperature and I day a t  5°C,. The crysta ls  were collected by suc­

tion f i l t r a t i o n ,  rinsed with 85% ethanol,, followed by absolute ethanol, 

to give the a-anomer, {]_), (84.4 g, 31% yield) .

mp 1 1 6 - 1 1 6 . S0C**mp 9 7 . 5°C, L i t e r a t u r e
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NMR—3.5 (s ing le t ,  3H), 3 .7 -4 .1 (envelope., 6H), 4.92 (doublet, TH) ppm. 

CMR- 101.6964 (C-l),  73.0873 (C-5), 71.8612 (C-3), 71.5693 (C-4), 70.5- 

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

Elemental Analysis- for CyH^Og-HgO

C, 39.62; H, 7.6 

C, 39.99; H, 7.72 

C, 40.16, H, 7.68

Calculated:

Found:

Found:

** go '
The a r t i c l e  reported 12 d if feren t  melting points for th is  com­

pound, ranging from 75°C-116.5°C. The final melting point,  116-116.5°C,
I . .

was obtained a f te r  dehydration; however, a f te r  rehydration occurred, 

the melting point was s t i l l  116-116.5°C.

B-anomer:

From above, a f te r  addition of water, the mother l iquor and wash­

ings were dried using the rotary evaporator with three additions of dry 

ethanol (75 ml each) . Crystals formed during the final drying. For 

r ec ry s ta l l iza t io n ,  the crude B-anomer was dissolved in boiling absolute 

ethanol (30 ml/gm). The solution was decolorized with Darco G-60 and 

f i l t e r e d .  The f i l t r a t e  remained at  room temperature for 12 hrs, and I 

day a t  5°C. The crysta ls  were collected by suction f i l t r a t i o n  and r i n ­

sed with 95% ethanol (O0C), to give the S-anomer, (8), (36.5 g, 14% 

yie ld ) .
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nip 176.5-7.5°C L i t e r a t u r e ^  mp 177-80°C

NMR- 3.3-4.2 (envelope, 6H), 3.67 (s ing le t ,  3H), 4.42 (doublet,  TH) ppm. 
*

CMR- 104.86 (C-l) ,  71.83 (C-2), 73.92 (C-3), 69.79 (C-4), 76.16 (C-5), 

62.1 (C-6), 59.11 (methyl) ppm (in reference to external IMS). .

21Preparation of methyl 2,3,4,6-tetra-0-benzyl-a-D-ga1actopyranoside.9 

Dry methyl a-D-galactopyranoside (20 g, 0.1 mol), was suspended in 

dry dioxan (100 ml), in a 3-necked, 500 ml f lask ,  equipped.with a reflux 

condenser and mechanical s t i r r e r .  With continuous s t i r r i n g ,  powdered 

potassium hydroxide (TOO g) was added. While the mixture was refluxed, 

benzyl chloride (175 g, 1.38 mol) was added over a 20 min period. The 

reaction mixture was refluxed for an additional 0.5 hr, a f t e r  which 

time the dioxan was removed by d i s t i l l a t i o n .  Water was added to dis­

solve the crystal I ine mass, and the solution was extracted with diethyl 

ether.  The ether ex tract  was washed with water and dried with .anhydrous 

sodium su l fa te .  The solution was concentrated, by. rotary evaporation, 

to a syrup. Impurities were d i s t i l l e d  from the above syrup at  0.5 to r r  

and a pot temperature not greater  than 200°C, to give the product as a 

syrup. 21

21Attempted preparation of 2,3,4,6-tetra-0-benzyl-a-D-galactose 10

The syrup obtained from the above benzyla t i on was dissolved in hot 

glacial  acetic  acid (1.25 l i t e r ) .  Boiling 2N sulfur ic  acid (270 ml)



was added while the solution was maintained at  95°C. After a two hr . 

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

lution was maintained a t  95°C for another 24 hrs. The solution was then 

cooled and decanted into 10 Titers of d i s t i l l e d  water from which the . 

product oi led out. The oil  was extracted with dichlorpmethane, and 

th in- layer  chromatography on s i l ica -ge l  in solvent system (a) revealed, 

extensive degradation. 1

Thin-layer chromatographic separation of the degradation products Fig­

ure 9

Thin-layer chromatography on s i l i c a - g e l ,  in solvent system (a) ,
"

was accomplished on the products of a hydrolysis reaction,  as.previous­

ly described. Their Rfr values with respect to assigned number of benzyl 

groups are the following:

102

Number of Benzyl Groups ' RF I-Rr

0 . 11 0.89
■ I 0.2 . 0.8
2 0.3 • 0.7 ■ .
3 ' 0.39 0.61
4 0.47 0.53

Least Squares: 0.9993 correlat ion coeff ic ien t .

Hydrolysis study of methyl 2,3,4,6--tetra-0-benzyl -a-D-galactopyranoside

In each of three react ions,  methyl 2,3,4,6-tetra-O-benzyl-a-D-gal-
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actopyranoside (0.772 g, 0.0014 mol) was placed in a 2-necked, 50 ml 

f lask. Glacial acetic  acid (13.5 ml) was added and heated to the de­

sired temperature. Boiling 2N sulfur ic  acid (2.92 ml) was added, and 

aftep 2 hrs another aliquot of boiling 2N sulfuric  acid (2.92 ml) was 

added. Reactions were carried out a t  temperatures of 75, 80, and 85°C. 

Aliquots were removed from the reaction vessel a t  30 min intervals  for 

-the reactions a t  75 and 80°C, and 15 min intervals  for the reaction at  

85°C, Thin-layer chromatography ph s i l ica -ge l  in solvent system (b), 

was used to evaluate the extent of reaction.  Visually, the in tens i t ie s  

of the product (Rp = 0.15) and reactant  (Rp = 0.376) spots were compar­

ed. The reaction a t  75°C did not go to completion. The reaction at 

80°C appeared to go to completion a f te r  11 hrs. The reaction at  85°C 

went to completion a f te r  5 hrs. Only one product was observed in all 

three reactions. When the reaction mixture was heated above 90°C, deg­

radation was observed.

Preparation of 2,3,4,6-tetra-0-benzyl-a-D-qalactose 10

Methyl 2 ,3 ,4 ,6-tetra-0-benzyl-ct-D-galactopyranoside (20 g, 0.036 

mol) was placed in a 3-necked, I l i t e r  f lask equipped with a reflux

condenser and mechanical s t i r r e r .  Glacial acetic, acid (350 ml) was
• '

added and the temperature was brought to 85°C. Boiling 2N sulfuric  acid 

(75.5 ml) was added, and a f te r  2 hrs another portion (75.5 ml) was add­

ed. The reaction was allowed to s t i r  for 3 hrs at. 85°C (Note: 5 hrs



should be allowed for more complete hydrolysis).  Water (425 ml) was 

added and the solution was extracted three times with 150 ml portions 

of diethyl ether.  The ether  was removed by rotary evaporation ( temper­

ature not greater  than 40°C). Two equal volumes of water were added 

and the mixture was neutralized with sodium bicarbonate, extracted three 

times with dichloromethane and the organic layer was dried over anhy- . 

drous sodium su lfa te .  The dichloromethane was removed, yielding a syrup. 

The syrup was placed on a low pressure l iquid chromatography system us­

ing s i l i c a - g e l ,  and solvent system ( c ) ; The chromatography column was 

100 x 2.5 cm, with a void volume of 325 ml. Three runs were required 

to separate all  the m ater ia l . A 300 ml fract ion was collected a t  the 

beginning of each run, then 19.8 ml fract ions were collected. The pro­

duct was observed in fract ions 27-85 (6.7 g, 34% yie ld ) .

NMR- 3.33-5.03 (envelope, 15.6H), 5.13 (mult iple t ,  TH), 7.2 (multiplet,  

20H) ppm. ' .

Attempted preparation of vinyl 2,3,4,6-tetra-0-benzyl-a-D-galactopyran- 
23oside U

Mercuric acetate was rec rys ta l l ized  from 95% ethanol. Ethyl vinyl 

ether was r e d i s t i l l e d  (bPygQ 36-37°C). To a 200 ml f lask ,  2.,3,4,6-tet-  

ra-O-benzyl-a-D-galactose (1.7 g, 0.003 mol), ethyl vinyl ether (50 ml),
O -

mercuric acetate ( I g , 0.0031 mol), and -4A molecular sieves (25 ml)

104
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were added. The solution was s t i r red  by a magnetic s t i r r e r  for 12 hrs 

a t  room temperature. Thin-layer chromatography on Sil ica-gel  in solvent 

system (b), was used to monitor the reaction.  A tracing of the thin- 

layer plate  is shown in Figure 68.

Figure 68. A tracing of the th in- layer  chromatogram showing 

reaction products of the transvinylatipn reaction.

Column chromatography with a 40 x 1.2 cm ,column was successively 

eluted with (EtOAc-CGl^5 1:20).45 ml, (E tO A c -C C l1:12) 90 ml, and 

(EtOAc-CCl4 , 1:4) 90 ml, and 3 ml samples were collected. By NMR, sam­

ple #1 (as shown on the th in- layer  plate)  contained no benzyl groups. 

Sample #2, did not contain the.vinyl group, but they appeared to contain
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the ethyl groups, in place of the benzyl groups.

Preparation of 2,3,4,6-tetra-O-benzyl-D-galactbsyl chloride

' Thionyl chloride was d i s t i l l e d  before use, using glass or teflon 

beads for boiling chips during reac t ion . The 2 ,3 ,4 ,6-tetra-0-benzyl-  

a-D-galactose (6.5 g, 0.012 mol) was dissolved in thioriyl chloride (2.1
0 9

ml). This solution was s t i r r ed  for 2 hrs at  room temperature and 

then a t  reflux for  30 min. Thionyl chloride was removed by rotary evap­

o r a t i o n ,  with successive additions of toluene (3 times) to remove t r a ­

ces of thionyl chloride. The residual yellow syrup was used directly  

in the coupling reactions. Figure 69 depicting the th in- layer  plate 

tracing shows a comparison of the reaction, product to methyl 2,3,4,6- 

tetra-O-benzyl-a-D-galactopyranoside, and 2,3,4,6-tetra-0-benzyl-a-D- 

galaqtose, run on s i l ic a -g e l  in solvent system (b).

Preparation of al'lyl 2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside 19

In a 25 ml f lask ,  2 ,3 ,4 ,6-tetra-0-benzyl-a-D-galactopyranosyl chlo­

r i d e  (2.9 g, 5.23 mol), potassium iodide (3.47 g, 20.9 mmol, 4 eg .) ,  

2 ,6- lu t id ine  (0.146 ml), dry a ce to n i t r i le  (2.9 ml), and a l ly l  alcohol 

(0.61 g, 10.46 mmol, 2 eg . ) ,  were s t i r r e d  a t  room temperature for 16 

hrs J 2 The reaction mixture was poured into.water , extracted with 

carbon te trachloride  and the extracts were dried over sodium sulfa te .  

The mixture was passed through a 4" s i l ica-ge l  column, and the e luate .
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Figure 69. A th in- layer  chromatogram comparing a-methyl, and a- 

hydroxyl, to 2 , 3 , 4 , 6 -tetra-O-benzyl-D-galactosyl 

chloride.

was evaporated to a syrup. The th in- layer  chromatogram tracing in Fig­

ure 70 shows the product in comparison with the methyl, chlorb, and the 

free hydroxyl form of 2 ,3 ,4 ,6-tetra-0-benzyl-a-D-galactopyranose, in



108

solvent system (b ) .

The product was the only material reacting with di lu te  potassium 

permanganate.

U
r -  ZZ

■ ■ I

ZCO
I
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Figure 70. A thin layer chromatogram of ally! 2 ,3 ,4 ,6 - te t ra -0 -  

benzyl-a-D-galactopyranoside.

• . 27Preparation of a l Iyl q-D-galactopyranoside 2Q

In a 500 ml, 2-necked f lask ,  equipped with a mechanical s t i r r e r .



hydrogen chloride (gas) (2 g, 0.055 mol) was bubbled into ally! alcohol 

(66.7 g, 1.15 mol). Dry D-galactose (33.3 g, 0.185 mol) was s t i r red  

into the solution which was then maintained at  70°C for 5.5 hrs. The. 

temperature was then increased to SO0C with continued s t i r r in g  for 4 

additional hrs. After heating, concentrated ammonium hydroxide (7.67 

ml) was added and the solution was decolorized with act ivated charcoal. 

Product 20̂  was observed by th in- layer  chromatography on s i l ica -ge l  in 

solvent system (e) ,  Rp = 0.37. The solution was concentrated to a syrup 

by rotary evaporation, and extracted eight times with 200 ml portions 

of dry acetone. The concentrated acetone solution was cooled at  5°C, 

and within 1.5 days, crystals  formed. After rec rys ta l l iza t ion  from hot 

e thanol , c rys ta l l ine  20 was obtained (12 g, 30% yie ld) .

mp 145.5-6.5°C . L i t e r a t u r e ^  mp 145-6°C (cor)

[a ] Q = +184.5° in water(c, 2.0) . [aJD = +185.0° in water(c, 5.8) .

Infrared (KBr d i s c ) -  3550, 3360, 2950, 1462, 1360, 1145, 1120, 1070,
- I  ■ . .1020, 920, 803 cm

NMR- 3.71-4.5 (multipie t ,  SM), 5.1 (doublet,  IN), 5.2-5.68 (multipie t ,  

2H), 5.74-6.64 (multipie t ,  TH) ppm.
*

CMR- 134.802 (C-3, doublet) ,  119.432 (C-9, t r i p l e t ) ,  98.761 (C-l,  doub­

let), 72.252 (C-5, doublet),  70.793 (C-3, doublet), 70.55 (C-4, 

doublet),  69.82 (C-7, t r i p l e t ) ,  69.529 (C-2, doublet) , 62.525 (C-6, 

t r i p l e t ) ,  ppm.
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Elemental Analysis-- for CgH-jgOg.

Calculated: C, 49.09; H5 7.32

Found: C, 49.14; H, 7.47

. '

Preparation of a l ly l  2,3,4,6-tetra-O-acetyl-a-D-galactopyranoside 21
o' ■ ' . .

Acetic anhydride was dried over 4A molecular sieves. Pyridine was 

dried by d i s t i l l a t i o n  from barium oxide, a f t e r ,  refluxing for 4 hrs, 

then stored over Drieri te .

A solution of acetic  anhydride (1.4 ml) and pyridine (1.98 ml) was

cooled to 0°C, and powdered dry ally!. a-D-galactopyranoside (0.32 g,
281.45 mmol) was added to the s t i r r e d  solution. The suspension was 

s t i r r e d  a t  0°C until  the galactoside dissolved (1.5 hr).  The solution 

was allowed to s t i r  a t  room temperature for 19 hrs and then poured, into, 

6.5 ml of ice water. The reaction may be monitored by th in - laye r  chro­

matography on S i l ica -ge l ,  in solvent system ( f ) , Rp = 0.5. ‘ the mixture 

was extracted with di.chloromethane, and the extracts were washed succes­

sively with IN hydrochloric acid, saturated sodium bicarbonate, water, 

and dried over anhydrous magnesium su l fa te .  After f i l t r a t i o n ,  the so­

lution was concentrated by rotary evaporation and crys ta l l ized  at  5°C 

(0.55 g, 97%). Recrystall ization can be effected from 95% ethanol 

(80% y i e l d ) .

mp 82-3°C



m
[cx]D " = +146.9° in CHC13(c , 4.7)

Infrared (KBr d i s c ) -  2985, 2940, 1743, 1370, 1230, 1130, 1075, 1030,

975, 930, 905, 835 cm"1.

NMR- 1.95-2.2 (multiple s ing le ts ,  12H), 3,8-4.4 (envelope, 5H), 4.75- ...

5.5 (envelope, 6H), 5.6-6.23 (mult ip le t ,  TH) ppm.

Elemental Analysis—for C-jyHĝ Ô Q

Calculated: C, 52.57; H, 6.23

Found: C, 52.35; H,; 6.14

Preparation of (2,3-epoxypropene-l-0) 2,3,4,6-tetra-O-ace.tyl-a-D-gal.ac- 

topyranoside 22

At room temperature, 21̂  (0.5 g, 0.00129 mol) was added to a solu­

tion of m-chloroperoxybenzoic acid (0.783 g, 0.00454 mol) in chloroform 

(10 ml) . ^  During 47 hrs, the reaction was in termit tent ly  monitored by 

th in- layer  chromatography on s i l i c a - g e l , in solvent system ( f ) ,  Rp = 

0.33. The reaction mixture was washed twice with 0 .SM potassium bicar­

bonate and dried over anhydrous magnesium su lfa te .  After concentration, 

the syrup was placed on a 17 x 2.3 cm, s i l ica-ge l  column, eluting with 

variations of solvent system ( f ) ,  (1:4, 100 ml); (2:3, 50 ml); (3:2,

200 ml). During concentration of the fract ions containing 22̂ , the pro­

duct c rys ta l l ized  (0.4 g, 77% yie ld) .  The product, (22), may be recrys­

ta l l iz ed  from absolute ethanol.



112

nip 91.5-2.5°C
27.1

M d = +126.5° in CHC13( c, 1.8)

Infrared (KBr d i s c ) -  2980, 1760, 1450, 1380, 1240, 1145, 1065, 963,

913, 860 cm"1.

NMR- 1.95-2.2 (multiple s in g l e t s , 12H), 2.5-4.5 (envelope, 8H), 5.0-5.6 

(envelope, 4H) ppm.

Elemental Analysis- for C jy^O yi

Calculated: C, 50.50; H, 5.98

Found: . C, 50.32; H, 5.77

Preparation of (2,3-epoxypropene-i-0) q-D-galactopyranoside 17

The t e t r a -a ce ta te ,  (22), (127 mg, 0.314 mmol), was suspended in 

dry methanol (1.27 ml), to which I . OM methanolic sodium methoxide (0.08 

ml) was added. The suspension was shaken until  the solid dissolved,and 

was l e f t  for  another 15 min. Solid carbon dioxide was added, and when 

the solution reached room temperature, i t  was rotary evaporated to d ry - ' 

n e s s . T h e  reaction mixture was examined by th in- layer  chromatography 

on s i l i c a - g e l ,  in solvent system (g), Rp = 0.46 or in system (e) ,  Rp = 

0.14 and on descending paper chromatography with Whatman #1, in solvent 

system ( h ) , R ^  = 1.88. The product was separated on a 17 x 2.3 cm, 

s i l ica-ge l  column, eluting with variations in solvent system (e) ,

(75:6:1 , 100 ml); (75:8:3, 100 ml); (75:12:6, 150 ml). After concentra­

ting the fractions containing the product, a syrup was obtained (58 mg,



78% yie ld ) .  Note: the NMR spectra obtained from this  sample were the

same as that  for  compound JM5, epoxide opening occured in the NMR tube.

Preparation of (2,3-propanediol-l-0) a-D-galactopyranoside(isofiorido^. 

s id e ) 16

(2,3-epoxypropene-l-0) a-D-galactopyranoside (2 mg, 0.0085'mmol) 

was dissolved in water (I ml), to which perchloric acid (I drop) was 

added.^  The solution remained at  room temperature overnight; and was 

then passed through a small s i l ica -ge l  column. The product was ident i-  ■ 

cal to authentic isofloridoside when compared by th in- layer  chromatog­

raphy on s i l ica-ge l  in solvent system (g), Rp = 0.25. The reaction 

produced only a single product, and went to completion.

NMR- 4.799, 4.78 (HDO), 4.337 (1735), 4.219 (91.05), 3.361 (3579), 

3.251 (4530), 3.153 (5083), 3.09 (3289) ppm.

CMR- 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.

Bioassay of allyl a-D-galactopyranoside, ^, on sugarcane leaves
V y  '.1V.= V,"

Standard solutions of ally! a-D-galactopyranoside were prepared by ' ;.y:; v;; 

a serial  d i lu tion:
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Dilution yg/ul umol/yl

A 300.53 1.36
■B 250.04 1.14
C 200.03 0.91
D . 150.02 0.68
Two other standards 
E

were also prepared: 
35.26 0.16

• F 7.05 - 0.03

Each of the following samples were administered to two excised leaves

of sugarcane (clone 51NG97), by placing the sample on a needle puncture

near the base of the leaf .  The leaves were kept in a moist chamber, a t

room temperature. The lesions were measuredI a f te r 36 hrs of incubation.

The following shows the amounts of each sample , that  was adminis-

tered to needle punctures:

Sample Number Standard nl yg ymol
'I A 2 601.0 2.73
2 B 2 500.1 2.27
3 B I 450.1 2.04

. C I
4 C 2 400.1 1.82
5 C I 350.1 1.59

D I
6 A I 300.5 1.36
7 B. I 250.0 1.14
8 C I 200.0 0.91
9 D I T50.0 0.68

IQ E 2 70.5 • 0.32
11 E I 35.3 0.16
12 ■ F I 7.1 0.03
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The following is a l i s t  of the r e s u l t s .obtained a f te r  26 hours 

incubation:

Lesion length a f te r  
Average lesion length .. corrected for water 

Sample number a t  36 hrs (cm)______  controls (cm)

I 5.25 4.85

2 4.4 . 4.0

3 2.5 2.1

4 0.75 0.35

5 3 . 2 5  . 2 . 8 5

6 . 2.25 1.85

7 1.25 . 0.85

8 2 . 2 5 1.85

9 1.5 M

10 0.6 0.2

11 0.8 0.4

12 0.3 0.0

Four water controls were conducted in the same manner:

Lesion length a t  Average lesion length
Sample number 36 hrs (cm) (cm) ______

I 0.3
2 0.4
3 0.4
4 0.5

0.4



Sugarcane leaves (7209) r e s i s t a n t  to helminthosporoside were adminis­

tered various amounts of ally! a-D-galactopyranoside, 176.3 ug, 352.6 

yg, and 528.9 yg. The leaves showed no runner formation up to 115 hrs, 

but had a s l ig h t  yellowing (0.8 cm for 528.9 yg) around the injection 

sight.

Sugarcane leaf  protection from the toxin by ally! a-D-galactopyranoside 

Halves of two sugarcane leaves (clone 51NG97) were placed, for 5 

hrs, in a solution of ally! a-D-galactopyranoside containing 21.97mg/ml. 

The other  half  of each leaf  was placed in water. The leaves were not 

to ta l ly  separated a t  the midrib. One m icro- l i te r  of a toxin solution, 

was placed on a needle puncture near the middle of each lea f-half .  

Runners formed on the control leaves (those Soaking in water),  but no 

runners formed on the leaves soaking in a l ly  a-D-galactopyranoside. The 

leaves soaking in the galactoside solution appeared yellow a f te r  two 

days.

o p

Preparation of 3-aTTyloxyoxetane 25'

Three simultaneous reactions were carried out to prepare the in te r­

mediate. Batch I: Chlorine gas (258.2 g, 3.64 mot) was introduced at

4 g/min into a llyl  alcohol (1.667 Kg, 24.5 mol). Batch 2: Chlorine

gas (259.1 g, 3.65 mol) was introduced a t  4 g/min into, a lly! alcohol 

(1.667 Kg, 24.5 mol). Batch 3: Chlorine gas (265.4 g, 3.74 mol) was
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introduced a t  4 g/min into ally! alcohol (1.667 Kg, 24.5 mol). These 

three batches were added together and d i s t i l l e d  to remove unreacted 

ally! alcohol. The weight of the crude product was 1637 g. Aqueous 

sodium hydroxide (535 g in 957 ml water) was slowly added to the crude 

product, and the temperature was maintained below 30°C by an ice-water 

bath. The mixture was s t i r r ed  with a mechanical s t i r r e r  and heated to 

IOO0C for  10.5 hrs. The product, (25), was monitored on a 20' x 1/4", 

'30% SE-30 (on chromsorb G) column, a t  85°C. , Suff icient  water was added 

to dissolve the s a l t s ,  and the two layers were separated. The aqueous 

layer was extracted three times with carbon te trachloride .  These ex­

tracts were added to the original organic layer. This combined crude 

preparation was d i s t i l l e d ,  and then r e -d i s t i l l e d  with an 8" column 

packed with glass helicies  a t  an oil bath temperature of 87-9°C, to
32obtain (101.1 g), 96% of the amount obtained by the reported method.

3?
bp2 g 64-6°C ■ Literature bp25 64°C

Infrared-  1.633, 2.113, 6.07, 8.9, Infrared-  1.633, 2.113, 6.07, 8.9, 

10.2, 10.7 u . 10.2, 10.7 jj.

NMR- 3.9 (mult iple t ,  2H), 4.6 (mul- NMR- 3.9 (mult iple t ,  2H), 4.6 (mul- 

t i p l e t ,  5H), 5.2 (mult iple t ,  t i p l e t ,  5H), 5.2 (multiplet,

2H), 5.9 (multiplet* TH) ppm. 2H), 5.9 (mult iple t ,  TH) ppm.
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• 33

Preparation of 3-propenoxyoxetane 26

To d i s t i l l e d  dimethyl sulfoxide (61.3 g) in a 200 ml, 2-necked flask, 

was added 3-allyoxyoxetane (40 g, 0.35 mol). Potassium t-butoxide (4.47 

g, 0.0398 mol) Was added a t  an i n i t i a l  pot temperature of 18°C, and 

within th i r ty  minutes * the temperature.rose to 36°C. The product mix­

ture was monitored by glc using a .10' x. 1/4", .15% carbowax column, at  

140°C. The mixture was f i l t e r e d  and d i s t i l l e d ,  having a. conversion of 

96.4% by glc (26.4 g, 64% yie ld) .

bpgQ 74-7°C , L i tera ture33 . bp5Q 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 y.

10.27, 11.5, 13.8 y.

NMR-1.5-1.75 (mult iple t ,  3H), ' NMR-1.62 (mult iple t ,  3H), 4.5 (muT-..

4.25-4.9 (mult iple t ,  6H), 5.7- ' t i .ple t ,  TH), 4.5-4.9 (multiplet,  

5.95 (mult iple t ,  TH) ppm. 5H), 5.83 (mult iple t ,  TH) ppm.

33Preparation of 3-oxetanol 27

Water (Tl .7 g), 3-propenoxyoxetane (12 g, 0.T1 mol), methanol. 

(8.57 g ) , and su lfur ic  acid (17.7 yl) were mixed in a 100 ml f lask ,  a t  

room temperature. The reaction was s t i r r e d  for 5.5 days, and was, then- 

neutralized with IN sodium hydroxide. The products were analyzed by 

glc on a 10' x T/81',  .15% carbowax (on chromsorb G) column, a t  a temper-
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ature of 170°C and flow rate of 28 cc/min. The solution was rotary evap­

o r a t e d  a t  a temperature less than 50°C, and d i s t i l l e d  (5.35 g, 69%

L i t e r a t u r e ^  bpg 72-3°C 

Infrared— 2.94, 10.36 y.

NMR- 3.37 (doublet, TH), 4.3-5.0 

(multip-let, 5H) ppm.

' The position of the hydroxyl proton doublet is concentration dependent.

Timed hydrolysis of 3-propenoxyoxetane

Water (12.8 g),  3-propenoxyoxetane (13.13 g, 0.115 mol), methanol 

(9.39 g ) , and concentrated sulfuric  acid (19.4 u l ),  were added, a t  room 

temperature, to a 100 ml f lask. To observe the progress of the reaction, 

glc on a 10' x 1/8", 15% carbowax (on chromsofb G) chromatography column 

was used a t  a temperature of 170°C and a flow rate of 28 cc/min. The 

s ta r t ing  material,  (26)., had a retention time of 4.67 min, and the pro­

duct, (27.) ? had a retention time of 14.68 min. The proportions of 26 , 

and V_, were normalized to 100%. A minigrator was used to evaluate 

retention times and peak areas, the se t t ings used were the following:

PW = 12, SS =.18, BL = 5, TP = 20

J M C  I U ;

Lp11 84°C

Infrared— 2.98, 3,41, 3.51, 7.0, 

7.5, 8.85, 9.25, 10.4, 

11.65 y .
** ,  .

NMR— 4.03 (doublet, TH), 4 .4 -5 .1

(mult iple t ,  5H) ppm.
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The reaction was monitored for  140 h r s , and the resu l ts  are l i s ted  in 

Appendix A. A graph depicting these resu l ts  is shown in Figure 26.

At five days, 90% of 26 was converted to 27.

Attempted preparation of (3-oxetanyi) 2,3,4,6-tetra-O-benzyl-a-D- 

galactopyranoside 28

The 2 ,3 ,4 ,6-tetra-0-benzyl-D-galactopyranoSyl chloride (6.7 g,

0.012 mol), 3-oxe.tanol (1.91 g, 0.026 mol), sodium iodide (6.65 g,

0.0444 mol, 3.7 e q . ), a ce to n i t r i le  (67.2 ml), and 2 ,6-Iut i  dine (1.29 g,
120.012 mol), were added, a t  room temperature, to a 200 ml f lask.  The

\

reaction was allowed to progress for 20 hrs while being monitored by 

th in- layer  chromatography on s i l i c a - g e l , in solvent system (b ) : 28 has

an Rp = 0.24, while 2 ,3 ,4 ,6-tetra-0-benzyl-a-D-galactopyranose has an 

Rp = 0.16. The reaction mixture was poured into water (500 ml), and 

saturated sodium chloride (100 ml) was added. This mixture was extrac­

ted three times with carbon te t rach lo r ide ,  and the organic layer was 

dried with anhydrous, sodium su lfa te .  After f i l t r a t i o n ,  carbon tetrachlo­

r i d e  was removed'by rotary evaporation. The resultant syrup was placed 

over a 4 x 2.3 cm s i l ica -ge l  column, and eluted with solvent system (b) 

(crude product- 8.4 g). The crude product (I g) was subjected to over­

night hydrogenolysis, by hydrogen a t  a pressure of 30 p s i , and 10% Pd/C 

(91 mg) in ethanol (30 ml). No products were observed by thin-layer  

chromatography.
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Infrared-  3300, 2950, 2875, 1450, 1340, 1208, 1090, 1050, 1025, 988,
- I920, 760, 702 cm 1.

NMR-3.1 (2H), 3.3-5.0 (envelope, 20H), 7.23 (s ing le t ,  20.H) ppm.

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

a t  5.2 ppm.

Treating the preparation of —  to remove 2 ,6 -I u t i dine

The syrup obtained from the preparation of 28 was dissolved in 

carbon te trachloride  and twice washed with 5% hydrochloric acid, twice 

washed with sodium bicarbonate, and with water. The resultant organic . 

layer was dried over anhydrous sodium su l fa te .  The volume was reduced 

to minimum and was placed over a 4 x 2.3 cm s i l ica-ge l  column. The • 

column was eluted with solvent system ( i ) .  After the solvent was re- , 

moved, the syrup (I g) was dissolved in ethanol (30 ml), and was subjected 

to 10% Pd/C (0.1 g) overnight a t  45 psi of hydrogen. No hydrogenolysis 

occufed, as seen by th in- layer  chromatography.

O O

Hydrogenolysis of —  for  an extended period, and with addition of ; 

acetic  acid

To a sample of 28 (0.25 g) prepared as previously described, was 

added palladium black (0.1 g) in ethanol (30 ml). This mixture was 

hydrogenolyzed for  three days a t  a hydrogen pressure of 60 ps i .  The 

hydrogenated sample was compared to the s ta r t ing  m ater ia l , (28) ,.. by



th in - laye r  chromatography bn s i l i c a - g e l ,  in solvent system ( i ) :  s t a r t ­

ing material,  Rp = 0.35; product, Rp = 0.195. In . th is  solvent system, 

a. completely, debenzylated glycoside  ̂ i . .e . , ally! a-D-galactopyranoside, 

would not move away from the origin.,

Al I of the previous hydrogenated sample from above was placed in 

methanol (100 ml), with addition of acetic  acid (30 y l ) .  This solution 

was hydrogeholyzed overnight with palladium black .(0.1. g) a t  a hydrogen 

pressure of 60 p s i . There was no change in the Rp of the sample when 

chromatographed in solvent system ( i ).

Preparation of benzylcyclohexylether 3 2 ^

Sodium hydride (12.0 g , 0.5 mol) was added to a solution of cyclo­

hexane! (20 g, 0.2 mol) and dioxan (125 ml) in a 500 ml, 3-necked flask, 

equipped with a reflux condenser, dropping funnel, and mechanical s t i r ­

rer .  After the.dropwise addition of benzyl chloride (50.6 g, 0.4 mol),
34 ■

the mixture was refluxed for 4 hrs. After cooling, the mixture was 

centrifuged a t  13,000 x g, and the supernatant was subsequently filtered. 

This solution was concentrated and d i s t i l l e d  (26.6 g, 70% y i e l d ) .

56bp-ji 141.5-6.5°C Literature bp37 165.5-6.S0C

Infrared-  3050, 2942, 2370, 1505, 1459, 1370, 1100, 1033, 955, 738,

698 cm'^.

NMR- 1.05-2.1 (envelope, I OH),  3.24 (mult iple t ,  TH), 4.43 (s ing le t ,  2H),

122



7.21 ( s ing le t ,  5H) ppm..

Hydrogenolysis of benzycyclohexylether

Benzylcyclohexylether (0.2 g) was dissolved in ethanol. (10 ml), 

and 10% Pd/C (0.05 g) was added. After shaking for one hr a t  a hydro­

gen pressure of 20 p s i , 99.3% of the sample was converted to toluene, 

by glc analysis on a 10' x 1/4", 15%.SE-30 (on chromsorb B) column, 

with a temperature of 95°C until  cyclohexanol appears, then program at  

15°C/min to 200°C, a t  a flow rate  of 50 cc/min.

Attempted hydrogenolysis of benzyl cyclohexyl ether with the same catal-
29yst  that  was used for —

The same hydrogenolysis mixture in which acetic acid was added, 

was f i l t e r e d ,  rinsed with methanol, and the ca ta lys t  was taken up to  

100 ml with ethanol. Benzylcyclohexylether was added to the solution,  

and i t  was shaken for  two. days a t  a hydrogen pressure of 60 psi .  With 

the glc procedure previously described, no hydrogenolysis was observed 

to have taken place. ■

Hydrogenolysis of methyl 2,3,4,6-tetra-d-benzyl-a-D-qalactopyranos.ide.

Methyl 2 ,3 ,4 ,6-tetra-0-benzyl-a-D-galactopyranoside (0.5 g) was 

added to ethanol (30 ml) and palladium black (0.25 g). There was an 

original hydrogen pressure of 63.25 p s i , but a f te r  I hr 6.75 psi was

123
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used up, and the reaction components were observed by th in- layer  chro­

matography on s i l i c a - g e l , in solvent system ( i ). There was no benzyl 

derivative remaining in the reaction medium. On paper chromatography 

in solvent system ( j ) , the product was identical  to authentic methyl 

a-D-galactopyranoside.

GC-mjnigrator studies of the hydrogenolysis of benzyl cyclohexyl ether in 

the presence of 3-oxetanol

Al I samples were injected into a 10' x 1/4", 15% SE-30 (on chrotn- 

sorb B) column. At injection the column temperature was 95°C and was 

held a t  tha t  temperature until  cyclohexanol was detected, then the tem­

perature was programmed a t  15°C/min to 200°C. The flow ra te  was 50 cc/ 

min. All reactions were conducted in the following manner:

Benzylcyclohexylether(o .2 g) was placed in ethanol (10 ml) and the 

quantity of 3-oxetanol was added. 10% Pd/C (0.05 g) was added and the 

mixture was shaken with ah i n i t i a l  hydrogen pressure of 20 p s i . After 

I hr, the hydrogen was removed, the mixture was f i l t e r e d ,  and glc anal­

ysis  commenced. The resul ts  are l i s ted  in Appendix B, and Figure 31 

presents the graphical in te rpre ta t ion .

2g '
Parr bomb hydrogenolysis of —

A Parr bomb was used to achieve a hydrogen pressure of 1000 psi.  

Since the Parr bomb is large and used for hydrogenating crude samples.
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a sample vial and holder was needed. "The Parr bomb micro sample hold­

er" was constructed as shown in Section 4. Into, the sample vial was 

placed 29 (125.6 mg), ethanol (4 ml), and palladium black (125.4 mg).

The sample was hydrogenolyzed for 2 hrs a t  a hydrogen pressure of 1000 

psi.  A comparison, by th in- layer  chromatography (s i l ica-ge l  in solvent 

system (k ) ),  of the product having Rp .= 0.26, and -starting material with 

Rp-= 0.52, demonstrated no experimental difference from the product 

obtained a t  a hydrogen pressure of 60 psi.

Attempted debenzyla t i on with a sodium-ethanol reduction

To a 50 ml f lask ,  ethanol (20 ml) and 29̂  (0.15 g) was added.
57Sodium was then dropped into the Solution, and because the solution 

became so syrupy, one drop of water was added. Thin-layer chromatogra­

phy on s i l ica-ge l  in solvent system (b ) , revealed a minute amount of 

material near the origin * the s ta r t ing  m ater ia l , arid a product migrat­

ing in an experimentally equivalent manner to the product obtained by 

hydrogenolysis.

• 35
Preparation of 2,3,4,6-tetra-O-acetyl-a-D-gaTactosyl bromide 33

After cooling acetic  anhydride (200 ml) in an ice-water bath  ̂ i t  . 

was introduced into a 500 ml, 3-necked f lask ,  equipped with a mechanic­

al s t i r r e r  and a thermometer. Perchloric acid (.1.2 ml) was added drop- 

wise, arid the solution was brought to room temperature. Anhydrous .
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D-galactose (50 g) was added to the solution over a 0.5 hr period (the 

reaction must be kept a t  a temperature between 30 and 40°C). After 

cooling the reaction mixture to 20oC, red phosphorus (15 g) was added. 

With the reaction temperature held below 20°C, bromine (90 g) was added. 

Water (18 ml) was then added dropwise to the continuously s t i r r e d  and 

cooled (below 20°C) mixture over a 0.5 hr period. The mixture was then 

s t i r r e d  for  2 hrs a t  room temperature. Chloroform (150 ml) was added 

and the mixture was f i l t e r e d  thru a bed of glass wool. The f i l t r a t e  

was poured into water (400 ml) near 0°C. The mixture was separated and 

the organic layer washed with water (150 ml). The original aqueous 

mixture was extracted with chloroform (50 ml), a ll  chloroform extracts  

were combined, placed in a I l i t e r  beaker, and neutralized with sodium 

bicarbonate. The mixture was separated and the chloroform layer was 

dried over anyhdrous sodium su lfa te .  The chloroform solutions were f i l ­

tered and concentrated to a syrup, which crys ta l l ized  upon digestion 

with small amounts of (petroleum ether 35-60°C-ether, 1:1), to. give a 

crude product (90.8 g, 80% y ie ld ) ,  melting point 73-4°C. A lo t  of - 

material was los t  in attempts to obtain a c lear  c rys ta l l ine  product.

The crude product was heated with activated charcoal in d i isopropyl 

ether , f i l te red^  and recrys ta l l ized  from diisopropyl e t h e r . .

qc
mp 78-80.5°C Literature mp 80-2°C

Infrared-  3425, 2980, 1750, 1435, 1375, 1220, 1080, 952, 916, 605, .
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545 cm- ^ .

** # % y 
NMR— 1.93-2.17 (multiple s in g l e t s , 12H), 3.75-5.5 (envelope, 6 .17H),

6.67 (doublet, 0.83H) ppm.
* *  .

These values could be rounded to 6H and TH, but the value a t  6.67 ppm 

with J = 4Hz, might represent the percentage of alpha-anomer, 83%.

Note: This compound is very unstable and should be made immediately

before use in fur ther  reac t ions .

Preparation of (3-oxetanyl) 2,3,4,6-tetra-O-acetyUg-D-galactopyrano- 

side 34

3-oxetanol (3.65 g, 0.0493 mol) was dried by s t i r r in g  in dry chlo­
ci ''

reform (25 ml) with 3A molecular sieves (2 g) for I hr. This solution 

was f i l t e r e d  d irec t ly  into a 250 ml reaction flask containing dry chlo-
o

roform (50 ml), Drieri te  (40 g),  3A molecular sieves (4 g),  and s i lve r  

carbonate (12 g , '0.044 mol). After one hr of s t i r r i n g ,  a solution of 

33 (13.6 g, 0.033 mol) in dry chloroform (25 ml) containing Drierite  

(5 g) was added. The reaction was s t i r r e d  with a mechanical s t i r r e r  

and kept from exposure to l igh t  by covering with black paper and alu­

minum f o i l .  The reaction continued for 21 hrs,  a t  which time i t  was 

nearly complete, by th in- layer  chromatography on s i l i c a - g e l ,  in solvent 

system ( I ) ,  Rp = 0.2. The mixture was f i l t e r e d  with c e l i t e  f i l t e r  aid 

and concentrated by rotary evaporation to obtain a crude product (14.5 

g). Part of the syrup (1.32 g) was placed on a 17 x 2.3 cm s i l ica-ge l
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column, and eluted with solvent system (m) in 2.0 ml f rac t ions .  Frac­

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

NMR- 1 .93-2.;23 (multiple s ing le ts ,  T2H), 3.16 (mult iple t ,  TH), 3,46

(envelope, 1.7H), 3.8-4.8 ( envelope, 7H), 4.9-5.5 (envelope, 3H).:

Glc study of products from the preparation of

The product mixture obtained for 34, before column separat ion, was 

submitted to glc on a IO1 x 1/4", 20% SE-30 (on anakroni) column. The 

column temperature was 220°C with ,a pressure of 30 psi of helium. Two 

peaks were collected, one with a retention time of 68.3 min (#1),. and 

the other with a retention time of 86.7 min (#2). By observation, #2 

contained much more material than did #1. Thin-layer chromatography on 

s i l ica-ge l  in diethyl e ther ,  revealed tha t  both peak #1 and #2 had the ■ 

same Rp (0.334) as did the main product of the reaction. This could be 

indicative of an a - ,  B-mixture, where B- would be #2, and a - ,  #1.

Deacetylation of —  to produce (3-oxetahyl) B-P-galactopyranoside 30 

Deacetylation was accomplished in a similar  manner as used for 22 

in preparation of ^ 29b,36 Jjie reaction mixture was separated by pa- 1 

per chromatography on prewashed Whatman #541 in solvent system ( j ) .
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NMR- 2 .7 -3 .1 (multi p ie t ,  TH), 3.2-4.2 (envelope, I OH), 4.43 (doublet, 

TH).

Both the crude deacetylated mixture and the paper chromatography iso la ­

ted material were bioassayed on sugarcane leaves (clone 51NG97); no 

ac t iv i ty  was observed.

34Attempted anomerization of — by titanium tetrachloride

Freshly d i s t i l l e d  titanium tet rachloride  (0.4 g, 0.0021 mol) in 

dry chloroform (20 nil), was added to a solution of ( 3-oxetanyl) 2,3,4,- 

6-tetra-0-acetyl-3-D-galactopyranoside (0.852 g, 0.0021 mol) in dry 

chloroform (40 ml). The solution appeared to be l igh t  creamy yellow. 

This mixture was refluxed for 75 min, and poured into a separatory 

funnel containing ice and water (250 m l ) . A f t e r  extract ion,  the 

chloroform layer was washed with saturated sodium bicarbonate (100 ml), 

and three times with water (100 ml), dried over anhydrous calcium su l f ­

ate and sodium su lfa te .  The mixture was f i l t e r e d  and concentrated.

An NMR spectrum of th is  material revealed a doublet a t  6.37 ppm with 

J = 3-4Hz . This was consistent  with an a-halogenated acetylated 

glycoside. By th in- layer  chromatography on s i l ica-ge l  in solvent sys­

tem (n), Rp = '0.57, With tetra-O-acetyl-ct-D-galactosyl bromide, Rp = 

0.59, the product showed very similar chromatographic mobil i t ies . In 

the NMR spectrum, the acetyl methyl protons have the same resonance 

d is t r ibut ion  as they do in the bromo compound.
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Attempted anomerization of —  by boron t r i fluoride etherate

The galactoside (0.43 g, 0.0011 mol), (34), was dried by s t i r r in g  

overnight over 3A molecular sieves in dry chloroform (2 ml). This 

mixture was f i l t e r e d  into a 500 ml, 2-necked f lask ,  containing dry 

chloroform (4 ml). The flask was sealed with a serum cap and purged . 

with nitrogen. Freshly d i s t i l l e d  boron t r i f lu o r id e  etherate (0.156 g, 

0.0011 mol) was injected and the solution was s t i r r ed  for 24.5 h rs , at  

which time the solution was a c lear  yellow c o l o r . T h e  reaction mix­

ture was washed twice with saturated sodium bicarbonate (solution turn­

ed c l e a r ) , three times with water, dried over anhydrous sodium su lfa te ,  

and concentrated. By th in- layer  chromatography on s i l ica -ge l  in dieth­

yl e ther ,  there are 7-8 separable products, which span the en t i re  thin- 

layer plate .  The NMR spectrum of the syrup shows signals, from 0.9-1.5 

ppm.

15Coupling reactions with phenyl 1-thio-G-D-galactopyranoside

All reactions were carried out in small v ia ls .  A spatula t ip - fu l l  

of phenyl l - t h i o - 3 -D-galactopyranoside was placed in the v ia l .  An ex­

cess of mercuric acetate was added, and the alcohol to be coupled was 

used as solvent. Tetrahydrofuran was added in a volume equal to 1/3 of 

the reaction mixture, and the final mixture was l e f t  overnight at  room 

temperature. The products were chromatographed by th in- layer  on si l ica-  

gel,  in solvent system (o). The following is a l i s t  of the alcohols

34
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used: 1,3-propanediol, methanol, e thanol , 2-propanol, 1-propanol,

ally! alcohol, 2-butanol, 1-butanol, and cyclohexanol. Their Rfr and 

Rgai values are presented in Table 6. By thin-layer  chromatography, all 

reactions went to completion giving' one product, except the a l ly l  alco­

hol react ion,  which gave two products, one having.an.R̂  value equal to 

tha t  of galactose, the other having an R̂  value identical to authentic 

a l ly l  a-D-galactOpyranoside. The product of the methanol reaction was 

compared to authentic methyl a-D-galactopyranoside, the authentic methyl 

derivative was too concentrated to d i rec t ly  compare, but the fronts of 

the spots were ident ica l .  Some of the reactions were passed through 

small s i l ica -ge l  columns and an NMR spectrum was obtained of the pro­

duct. For ethyl a-D-galactopyranoside, a t r i p l e t  was observed at  1.3 ■ 

ppm. For ( I -propanol-3-0) a-D-galactopyranoside, a mult iple t  was 

observed a t  1.95 ppm, and a signal a t  5,05 ppm for the anomeric proton. 

For ( I -propyl) a-D-galactopyranoside, an envelope from I . 0-1.6 ppm and 

a signal for the anomeric proton at  5.08 ppm. For (2-propyl) a-D-gal­

actopyranoside, an envelope was observed from I . 1-1.5 ppm.

Bioassay of the products from the reaction with phenyl 1-thiO-g-D- . 

galactopyranoside

Aliquots (I and 2 yl) of each reaction mixture was placed on needle 

punctures near the base of excised sugarcane leaves (clone 51NG97).

The leaves were kept in a moist chamber a t  room temperature, and the
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symptoms were recorded a f te r  3 days. x •'

Lesion length a f te r
________________Compound_______________  3 days, (mm)_______

methyl a-D-galactopyranoside . None
ethyl 5.0
2-propyl " " " 7.0
I -propyl " " " 2.5
ally! ■ 14.0
2-butyl " " 3.5
I -butyl " " " . ■ 2.5
cyclohexyl " " " • None
phenyl I -thio-3-D-galactopyranoside None

To obtain an accurate value of lesion length with a known amount of 

product, e thyl ,  I -propyl, 2-propyl, and (3-propanol-l-0) a-D-galacto- 

pyranoside were chromatographed on pre-washed Whatman #541 papery in 

solvent system (j ) . Weights were determined on a Cahn Gram Electrobal­

ance and solutions were made having concentrations of 350 yg/yl. One 

and two micro!iters of each solution were placed on 2 or 3 needle punc­

tures near the base of excised sugarcane leaves (clone 51NG97). The 

leaves were kept in a moist chamber a t  room temperature for  three days. 

The resu l ts  are presented in Table 7.

Reaction of 3-oxetanyl with phenyl 1-thio-g-D-galactop.yranoside

.Phenyl l-thio-e-D-galactopyranoside (0.004 g, 1.44 x 10  ̂ mol),
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mercuric acetate (0.0165 g, 5.19 x 10 5 mol), and 3-oxetanol (0.00185 g, 
-52.5.x 10 3 mol) were placed in a small, v ia l .  Tetrahydrofuran (0.2 ml)

was added and the reaction mixture was shaken overnight a t  room tempera-- 
15ture. Four products were obtained, by th in-layer  chromatography on 

s i l i c a - g e l ,  in solvent system (o). After 3 days most of the s tar t ing  

material had reacted. The reaction mixture was bioassayed before and 

a f te r  a s i l ica-ge l  column, and no ac t iv i ty  was observed. These pro­

ducts do not favorably compare, by th in- layer ,  with those obtained in 

the preparation of 30.

Solyomercuration-demercuration of ally! q-D-galactopyranoside with mer­

curic acetate  41

AlIyl ct-D-galactopyranoside (0.4 g, 0.002 mol) was dissolved in a 

solution of tetrahydrofuran (30 ml) and water (I ml). To th is  solution 

was added mercuric acetate (0.6 g, 0.002 mol), and the solution turned 

yellow. After two hours, the solution had only a fa in t  yellow color, 

and the reaction was stopped by addition of a potassium hydroxide solu­

tion (25. ml, 3M) followed by addition of a sodium borohydride solution 

(0.036 g NaBH4  in 25 ml of 3M KOH).41 The mercury was allowed to pre­

c ip i t a t e ,  and the solution was vacuum f i l t e r e d  through c e l i t e  f i l t e r  

aid , and concentrated by rotary evaporation. The reaction mixture was 

observed by th in- layer  chromatography on s i l i c a -g e l ,  in solvent system 

(o), a l ly l  a-D-galactopyranoside Rp = 0.57, product Rp = 0.25. A com- ■
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peting reaction with the internal solvomercuration would be the Markov- 

nikov hydroxyla t i on of ally! a-D-galactopyranoside. That product would
i

be expected to migrate with similar  mobil i ties as the product obtained. 

Compound 40-would.be expected to migrate as fa r ,  .or fa r the r ,  than ally! 

a-D-galactopyranoside.

Solvomercuration-demercuration of ally! a-D-galactopyranoside with mer­

curic su l fate  40, 41

Allyl a-D-galactopyranoside (0.1 g, 0.0005 mol) was added to a 

mixture of mercuric su lfa te  (0.14 g, 0.00047 mol) in aqueous tetrahydro- 

furan (80 ml; 70 ml THF, 10 ml HgO) at  room temperature. The solution 

was yellow, and was s t i r r e d  for 0.5 hr (one should s t i r  the solution for 

1.5-2 h rs) ,  a t  which time the color was fa in t  yellow. The reaction was 

stopped by adding a potassium hydroxide solution (65 ml, SM), followed 

by a sodium borohydride solution (0.01 g, NaBĤ , 0.003 mol; in 65 ml SM 

K O H ) The mercury was allowed to p rec ip i ta te  and the mixture was vac­

uum f i l t e r e d  through c e l i t e  f i l t e r  a id ,  and concentrated by rotary evap­

orat ion. This material was passed through a Dowex 50W-X8 column (17 X 

2.3 cm). The reaction components were separated on a 17 x 2.3 cm s i l ­

ica-gel column, by using variations in solvent system (e) ,  (75:6:1, 100 

ml); (75:8:3, 75 ml); (75:12:6, 225 ml). Three components were observ­

ed: component #1 migrated fa s te r  than ally! a-D-galactopyranoside,

Rp - 0.47. Component #2 was identical to ally! a-D-galactopyran-'
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oside, Rp = 0.28.- Component #3 was identical to the product obtained

from the mercuric acetate react ion,  (41), Rc = 0-.Tl.
h ,

Component #1 40

The NMR of a mixture of component #1 and #2, revealed a doublet a t  

1.18 ppm, indicative of 40.

CMR- 96.5488 (C-V), 75.6826 (C-2), -74.2234 (C-5), 73.9315 (C-3),

71.7428 (C-4), 66.3925 (C-7), 65.9061 (C-8), 63.4741 (8-6),

17.5587 (C-9) ppm.

Component #3 41

[a lp6 = +229.4 in water(c, 0.435)

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

CMR- 101.12 (6813, C-I),  100.59 (9091 , C-I), 75.39 (7677, C-7) , 74.90 

(7503, C-7), 73.35 (12097, C-5), 71.94 (17034, C-3), 71.74 (14359, 

C-4), 70.92 ( 1 2 1 3 6 ,  C-2), 69.02 (6823, C-8), 68.68 (9675, C - 8 ) ,  

63,67 (13021 , C - 6 ) ,  20.62 (14302, C-9) ppm. .

Note: values for external IMS may be obtained by subtracting I . 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

ed by the flow sheet in Figure 45, was diluted with water (4 ml). Two 

mic rp l i te r s  of th is  solution caused observable runner lesions on sugar­

cane leaves (clone 51NG97) within 25 min. An aliquot (0.2 ml) of this  

solution was diluted with 95% ethanol to 2 ml, a spatula t ip - fu l l  of 

activated charcoal, was added, and the solution was heated until  bubbles 

formed. The mixture was f i l t e r e d  through Whatman #2 f i l t e r  paper and 

taken to dryness a t  40°C by rotary evaporation. The sample was taken 

up to 0.2 ml with water and bioassayed. Runners were observed within 

the same time, and had similar  runner in tensi ty .  Colored material had 

been removed by th is  treatment.

High pressure liquid chromatography (HPLC) of standards in various 

proportions of ace toni t r i le -water  Figure 47

The carbohydrates, depicted in Figure 46, glucose, methyl a-D-glu- 

copyranoside, maltose, and maltotr iose,  were used as standards. Solu­

tions of the standards' (6-10 yg/yl) were injected in 20 yl aliquots on 

a y-Bondapak carbohydrate column (P/N 84038), and was monitored by re- 

t rac t ive  index. The flow rate  was 0.86 cc/min, and the void volume was 

a t  4.5 min. Three solvent systems were u t i l ized  consisting of acetoni­

t r i le -w a te r ,  (70:30), (78:22), and (85:15). Injections of 20 yl of the 

previous charcoal treated toxin were also made with each solvent system.
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Fractions were collected a t  each half-minute, evaporated to dryness at  

40°C, taken up with water (20 y l ) ,  and bioassayed on sugarcane leaves 

(clone 51NG97). The resul ts  are observed in Figure 47.

Preparative high pressure liquid chromatography of the toxin mixture 

Figure 48

A concentrated toxin mixture ( a f te r  charcoal, treatment) was in ject­

ed on a u-Bondapak carbohydrate column (P/N 84038) in 20 yl aliquots.

The solvent system used was (aceton i t r i le -water ,  78:22), at  a flow rate 

of 0.87 cc/min, void volume was a t  4.5 min. The entire  column run was 

bioassayed (for  a t  l eas t  6 runs) , and only one area of tox ic i ty  was 

found, th is  toxic area coincided with the peak (by refract ive  index) a t  

14-15 min. A typical curve for th is  separation is represented in 

Figure 48.

41Carbohydrate determination by phenol-sulfuric acid

The phenol-sulfuric acid analysis was conducted by placing an a l i ­

quot (140 y l ) ,  of a carbohydrate solution in the bottom of a 20 ml t e s t

tube. A 5% phenol-water solution (I ml) was then added to the tube,
41with subsequent addition of concentrated su lfur ic  acid (5 ml). After 

a ten minute cooling period, the tube was placed in a spectrophotometer 

to obtain i t s  absorbance a t  490 Pm. A glucose standard with a concen­

t ra t ion  of 135.7 yg/ml was used. A standard curve was generated,aCGdr-
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ding to the following data:

yg glucose

Absorbance 
(corrected to a 
140 nI addition)

Absorbance 
18 yg glucose

9.499 0.159 0.302
9.499 0.156 0.297

18.998 0.321 0.304
28.497 0.463 0.293
3 7 . 9 9 6 0.629 0.299

mean
S

= 0.299 A/18 yg Glc 
- 0.0043

:. standard curve for th is  glucose determination is presented in

Figure 71, and has a correlat ion coeff ic ien t  of 0.9997.

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

The amount of toxin used in the determination was obtained from a 

5 - l i t e r  fungal preparation. This was t reated with activated charcoal, 

and separated by HPLC. The resul tan t  material was taken up in water 

(I ml) arid scanned against a water blank. Chart rate  = T in/min, and 

span = 2 absorbance uni ts .  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 preparation 

(a f te r  HPLC) Figure 50
Toxin preparations obtained from HPLC (not greater  than I mg) were
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injected as a 0.25 ml sample onto a Bio-gel P-2 (-400 mesh) column.

The flow rate  was I drop/12 secs, collecting 13 drops or 0.56 ml per 

tube, The column was run a t  a temperature of 65°C (see Section 4), and 

the eff luent  was monitored a t  192-196 nm in a 40 yl flow c e l l .  A' grad­

uated cylinder was used to co l lec t  36 ml prior  to fraction col lection.

A carbon analysis was obtained (P. W. Jennings, Chemistry Department of 

MSU) on a portion (0.3 ml) from each tube , and normalized for total  

content. Each fraction was bioassayed on sugarcane leaves (clone 51NG- 

97), by placing equal quanti t ies  on a needle puncture near the base of 

excised leaves. The leaves were kept in a moist chamber a t  room temp­

era ture ,  and evaluated a f te r  three days.

Bio-gel P-2 (-400 mesh) column separation a f te r  the previous Bio-gel 

separation Figure 51

With conditions identical to the previous Bio-gel separation, 50ug 

of toxin preparation was re-loaded onto the column. A graduated cylin­

der was used to co l lec t  the f i r s t  41 ml of the run, then 0.56 ml f rac ­

tions were collected. The resu l tan t  prof i le  is seen in Figure 51.

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

side Figure 55

AlIyl a-D-galactopyranoside (50 yg) 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 I drop/12 secs, collecting 13 drops per tube or 0.56 ml/tube. The 

column was run at  a temperature of 650C and monitored a t  196 nm in a 

40 uI flow. ce l l .  A graduated cylinder was used to co l lec t  35.4 ml . 

pr ior to fraction collection. The peak as observed in Figure 55, reac­

ted with potassium permanganate.

Bioassay to determine the importance of puncture position on sugarcane 

leaves Figure 58

Sugarcane leaves were excised and placed in water. Prior to punc­

turing, I yl of a toxin solution was placed on the reverse side of the 

leaf  a t  the proposed puncturing s i t e .  The puncturing tool (shown in 

Figure 57) was used to make uniform punctures, and the leaves were 

placed in a moist chamber. The symptoms could be observed within 45 min, 

and runner length determined a f te r  2.5 hrs. The resu l ts  are presented 

in Figure 58. ,

Bidassay evaluating lesion length, and in tensi ty  of les ion,  with respect 

to puncture postion

All punctures were treated as described previously. . Sixty-three 

punctures were made in sixteen excised leaves. Since most runners ex­

tended the ent i re  length of the leaves, the in tensi ty  of runners.(visual 

comparison), and the length.of runners having poor in tens i ty ,  were eval­

uated. All symptoms were evaluated a f te r  42 hrs of incubation i n amoist 

chamber a t  room temperature. The resu l ts  are tabulated in Table 10.



APPENDIX A

Tabulated Results for Figure 26, Percent Decrease 

of 3-propeneoxyoxetane with Time.

Time (hr)

Area of 
3-propene­
oxyoxetane

Area 
of 3- 

oxetanol

% 3-pro­
peneoxy­
oxetane

1000
9 % 3-propene 

oxyoxetane

. 0.5 514697 . 2 8 8 7 99.44 ' 1.003

1.75 65980 . 690 9 8 . 9 7 1.004

4.58 82110 3140 9 6 . 3 2 1.017

20.5 24166 5409 81.71 1.086

2 6 . 7 8 23147 8103 74.07 1.130

46.08 T 3401 10244 5 6 . 6 8 1 . 2 4 6

51.05 1 5 8 9 4 15478 50.66 1.294

66.52 11424 18959 3 7 . 6 1.425

71.63 . 9717 . 20031 3 2 . 6 6 1.486

76.38 8 0 3 0 19377 .29 .3 1.533 .

9 0 . 8 3 •5945 21219 2 1 . 8 9 1.66

9 5 . 8 8 5808 2 3 8 7 2 19.57 1.708

103.0 3191 16795 15.97' 1.797

116.5 25 2 6 20848 10.8 1.967

140.08 737 11454 6.05 2 . 2 1 8



APPENDIX B

GC-Minigrator Studies of the Hydrogenolysis 

of Benzylcyclohexylether 

in the Presence of 3-oxetanol.

GC: .The samples were injected onto a 10' x 1/4", 15% SE-30 (on 

chromsorb B) column. At injection the column temperature was 

• 95°C and was held at  that  temperature until  cyclohexanol was. 

detected, then the temperature was programmed at  T5°C/min to 

200°C. The flow rate  was 50 cc/min.

Minigrator: The following are the set t ings used during all

determinations:

The following symbols are used throughout th is  Appendix:

Determination of the detector response. Equimolar quanti t ies  of 

toluene and benzyl cyclohexyl ether were used to make the standard solu­

PW = 12 
SS = TB 
BE = 5

TP = 20 
Tl = 130 
T2 = 1130

m = mean
I = toluene 2 = benzyl cyclohexyl ether 

s = standard deviation

tion.
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Area

I 2 (2/1) Ratio Analysis
3691 10236 2.77 . m = 2.71
3967 10764 2.71 s = 0.043
3650 9 9 8 5 . 2.74
3 8 9 3 10470 2 . 6 9

3 7 8 3 10070 2 . 6 6

Hydrogenolysis of Benzyl cyclohexyl ether

Hydrogenation' conditions
••

0.2 g Of (I)
10 ml ethanol (absolute)
0.05 g 10% Pd/C ■
Time = I hr
Pressure = 20 psi Hg

Areas ■ % Production
I 2 I x R of (I) . Analysis

' 3423 61 9 2 7 6 9 9 . 3 m = 99.3

7785 123 21097 9 9 . 4 s = 0.05

7653 155 ■ 20740 9 9 . 3

716 132 . 19404 9 9 . 3

7513 142 20360 9 9 . 3
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Hydrogenolysis of Benzylcyclohexylether in the 

_____ _______ Presence of 3-oxetanol #1 _______

Hydrogenation conditions 
0.2 g of (2)
0.1 g of 3-oxetanol 
10 ml ethanol (absolute)
0.05 g 10% Pd/C 
Time = I hr 
Pressure = 20 psi Hg

Areas % Production
I 2 I x R of (I) Analysis

3717 2323 10073 81.3 m = 80.2
4209 2876 11406 79.9

OiiCO

4061 2794 11005 ■ 79.8
4109 2863 11135 79.5
3994 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 ml ethanol (absolute)
0.05 g 10% Pd/C 
Time = I hr 
Pressure = 20 psi Hg
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I
Areas '

2 I x R
% Production 

of (I)' Analysis
3042 7 0 9 8 8 2 8 4 53.9 m = 53.6
2 9 8 4 7076 8 0 8 7 5 3 . 3 s = 0.846
3305 7 7 2 8 8957 53.7
3567 7925 96 6 7 54.95
32 4 2 7795 8 7 8 6 53.0
3218 7905 8721 52.5
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INTRODUCTION

Scald is a disease of barley and many other grasses. . I t  is found 

in the large barley growing areas of the world. The incidence and eco­

nomic importance have been increasing, par t icu la r ly  under conditions of
Icontinuous cropping in n o - t i l l  agriculture.

The affected areas of leaves i n i t i a l l y  appear grey, water soaked
• 2areas, 8-12 days a f te r  inoculation. These affected areas may become 

dry but re ta in  a grey-green color. Also, these areas or lesions may 

become straw-colored and surrounded by dark-brown margins. When these - 

lesions become too numerous, photosynthesis is reduced, resulting in 

poor yields .
?Ayesu-Offei and Clare in 1971 were the f i r s t  to apply s t e r i l e  cul­

ture f i l t r a t e s  o f  R. seaalis to cut stems of cl ipper  barley seedlings 

and cause symptoms similar  to those produced on infected leaves. The 

culture f i l t r a t e s  were prepared by s tra in ing the cultures through a 

double layer of muslin, centrifuging the f i l t r a t e  a t  110,000 x g for I hr 

a t  15°C, and then s t e r i l i z in g  the supernatant by passing i t  through a 

0.5 pm mi I l ipore  f i l t e r .  The following observations were made subsequ­

ent to treatment with the s t e r i l e  culture f i l t r a t e s .  Within about I hr 

of treatment, large, dry, grey-green areas formed towards the leaf  t ips.  

These areas retained th e i r  color a f t e r  the re s t  of the lea f  had.dried 

and turned a straw color. The effect iveness of s t e r i l e  culture f i l t ra tes  

was po t  reduced  by d ialysis  or autoclaving.

The affected parts'  of the leaves t reated with culture f i l t r a t e s
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were examined microscopically. The mesophylI and an t ic l ina l  walls of 

the epidermis had collapsed so tha t  the outer and inner periclinal  walls 

were in contact.  This damage was similar  to that  observed in infected 

leaves.^
2Ayesu-Offei and Clare concluded tha t  toxic metabolites of R. sea- 

a l is  were reponsible for  the disease symptoms in infected plants.  They 

suggested tha t  the R. 'secalis toxins may be glyco- or polypeptides, 

since the toxic e ffec t  was not removed by dialysis  or autoclaving.

In 1978 Auriol e t  a l . isolated a metabolite of E. seca lis with phy­

totoxic ac t iv i ty .  This metabolite caused symptoms in the barley c u l t i -  

var var. Hannchen C. I. 531, similar  to those observed upon infection
2

with R. seca lis . Contrary to the postulate of Ayesu-Offei and CTare, 

tha t  the toxins appeared to be glyco- or polypeptides; i t  was found 

that  the isolated phytotoxic material was a simple carbohydrate. These 

authors named the phytotoxic material 1rhynchosporoside'.

A flow sheet summarizing the steps used in the iso la t ion  of rhynch­

osporoside is presented in Figure I .

After acid hydrolysis, rhynchosporoside was determined to contain 

glucose by gas-l iquid chromatography (g lc) ,  and th in- layer  techniques.

I t  was also shown to contain the elements of 1,2-propanediol by paper 

chromatography, th in- layer  chromatography, glc and mass spectroscopy.

After treatment of rhynchosporoside by g-glucosidase, the primary 

products were glucose and a compound tha t  had an Rp (in one solvent
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I l i t e r  culture of R. secdlis _ _  ;  : r
f i l t e r  through cheesecloth" and miI l i pore f i l t e r  pad

Ap252512450

concentrate a t  50°C, 50 ml

- 10 r
-Discard ppt.

I
3 volumes of acetone, centrifuge for 10 min a t  20,000 gUi

concentrate, 50 ml •
' '

extract  3-times with equal volumes of chloroform
Discard chloroform fraction

concentrate, dryness

extract  O^times with 15 m of water-sat,  n-butanolI eDiscard debris .

concentrate by a i r  stream, dryness

add 2 ml of water and apply to a Bio-gel P-2 column
1,5 x 50 cm, 2 ml fractions

thin layer of fractions (30-32) in solvent system:
I -butanol-acetic  acid-water  ̂ 4:1:1

■ ■ ■ ■.

elute band at  Rc - 0,18 with H9O 
Fi 2 •

paper chromatography on Whatman #541, I -butanol-acet ic  acid-water.
Rp = 0.25 I 4:1:5

U +Dowex 50w-X8, H column, 1,5 x 0.5 cm
I  .

evaporate, dryness 
4

paper chromatography on Whatman #541, I -butanol-pyr id ine-water,
9:5:4Rp = 0.09

rhynchosporoside

Figure I . Flow sheet summarizing the isolat ion procedure.



system) identical  to (l-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 I) a s t ructure  was proposed, ( I -propanol-2-0) a-D- 

ce l lob ios ide , (j^), as shown in Figure 2.

H
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Figure 2. Proposed structure  for rhynchosporoside.

The work to be described, concerning the synthesis of rhynchospor­

oside, and l a t e r  the isolat ion of phytotoxic metabolites of R. secalis> 
was in i t i a t e d .  The following questions were the in tent  of th is  study: 

I.  Can (l-propanol-2-0) a-D-glucopyranoside be synthesized, and 

in a quantity sui table  for use in subsequent enzymatic reac­

tions?



165
Table I. Assignments of signals in the NMR spectrum of

rhynchosporoside.

Sh if t ,  ppm J ,  Hz Assignments

1.28 7.35 -CHg from Aglycone

3.4-4.08 sugar protons and protons 
on the aglycone carbons 
bearring oxygens

4.68 7.0 anomeric proton, f-glyco- 
sidic  bond

5.37 2.5 anomeric proton, a-glyco- 
sidic  bond

2. What is the nature of the a-linkage from c e l lpbiose to 1,2- 

propanediol?

3. Can a compound having the proposed s t ruc ture ,  ( I -propanol-2-0) 

a-D-cellobioside,  {]) ,  be synthesized?

4. By looking a t  other phytotoxic metabolites of R. secalis, is

i t  possible to understand any relationships between metabolites 

and th e i r  role in the disease?
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.RESULTS .AND DISCUSSION

The origins of our involvement with the rhynchosporoside project

can be traced to our in te re s t  in synthesizing the proposed cellobioside,

(X). This is not a t r iv i a l  problem since th is  cellobioside has an alpha

linkage. The only reported method for synthesizing a -c e l lobiosides

u t i l ized  titanium tetrachloride,  in an anomerization reaction on a.per-
4acetyla ted-3-cellobi oside. However, the yields were very poor, owing 

to the susceptib il ity ,  of both linkages to anomerization. Maximum yields 

could not be expected to be greater than 50%, and were usualIy not great­

er. th an  10-30%.

Since a primary reason for obtaining a synthetic product included
14

the incorporation o f  C radio-carbon label ,  i t  was considered advanta-
'

geous to have a be t te r  method.

Pio Beltran, already working on the rhynchosporoside project ,  en­

deavored to synthesize radio-labeled toxin. His method u t i l ized  an 

enzyme, 3-glucosidase, to f a c i l i t a t e  a g-glucosy linkage with an appro­

pr ia te  a-glucopyranoside. Our e f fo r ts  then focused upon synthesizing . ]|

the appropriate a-glucopyranoside.

The methods for  producing alpha anomers were described in Section 

I ,  reference 12-17. The method of choice was that  of Kronzer and Schu- 

erch.^ The important point concerning th is  synthesis was to u t i l i z e  an 

appropriately protected alcohol, which would guarantee only one aglycon- 

ic isomer. Figure 3 shows the alcohol of choice, I -O-benzyl-2-propanol,
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(2).

V

Figure 3. The I -O-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-

Figure 4. Benzylation of ally! alcohol.

An exceptionally good method for obtaining the required funct ional i ty  

a t  C-2 and a proton a t  C-3 in one step,  u t i l ized  an oxymercurati on reac­

t ion,  in which the mercuric-ion attacked,  very spec i f ica l ly ,  the lesser  

substi tuted double bonded carbon. Figure 5 depicts the oxymercuration
O

of 5̂ producing I -benzyloxy-2-propanol, (2).

de, producing ally! benzyl e ther ,  (5), as shown in Figure 4.^

C H ^C H -C H j -O H

3
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I. Hg(OAc)2

Figure 5. Oxymercuration of ally! benzyl ether.

A very in teres t ing  observation was made while doing oxymercuration 

reactions.  By accident, dioxan was used instead of IMF. A b r i l l i a n t  

yellow color developed when mercuric acetate  was added, unlike the l ight  

yellow color observed when THF-water was the solvent. I t  was found that  

upon ac id if ica t ion  the yellow color disappeared, and reappeared upon 

making the solution basic. Also, i f  the solution was acid if ied  before 

addition of mercuric acetate ,  the solution remained c lear .  The reaction 

mechanism requires that  acetic  acid be generated during the course of

react ion,  which may be responsible for the loss of the yellow color.
9

Brown and Geoghegan have used the disappearance of yellow color to s ig ­

nal the end of reac t ion , as well as a quanti tat ive  measure of reaction 

rate .  However, they did not establ ish the cause of the color nor the 

reasons for  i t s  disappearance as the reaction progressed. At th is  

juncture,  i t  is suggested that  fur ther  work be pursued to analyze these 

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

and product d is t r ibu t ion .

The next three synthetic steps were used to prepare the carbohy-
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dratederivative required for the coupling reaction.  The hydroxyl groups 

on methyl a-D-glucopyranoside, (6), were to ta l ly  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 . ^  The benzyl derivative.

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

(7), was hydrolyzed with acetic  and su lfur ic  acid (Figure 7), producing 

2,3,4,6-tetra-0-benzyl-a-D-glucopyranoside, (8)

Figure 7. Hydrolysis of the anomeric linkage.

The derivative required for coupling was made by trea ting 8 with thionyl 

chloride, producing 2 ,3 ,4,6-tetra-0-benzyl-D-glucosyl chloride,  (9), as
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Figure 8. Reaction of thionyl chloride on perbenzylated glucose.

The iodide ion displaces the chloride of 9  ̂ which is i t s e l f  subseq­

uently displaced by the alcohol of 2, generating ( I -benzyloxypropanol- 

2-0) 2 ,3 ,4 ,6-tetra-0-benzyl-a-D-glucopyranoside, (TJD), as shown in Fig­

ure 9.^ The proportion of a l pha-anomer in the sample purif ied by s i l ica  

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

CH2OBz
Figure 9. Coupling reaction forming the 2-0 linkage.

Benzyl group protection was removed from ]0 by a hydrogenolysis

reaction using 10% Pd/C in ethanol, producing ( I -propanol-2-0) a-D-glu-
12copyranoside, (1_]J , as depicted in Figure 10. This derivative was
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bioassayed on barley leaves ( c u l t i var var. Hannchen C. I . 531) and ac­

tivity was observed at  approximately 400 yg/ml.

After using paper chromatography to separate the a- and B-anomers, the
5

product was ready for the enzymatic reaction.

Since we now had th is  glucoside, i t  was of in te res t  to compare i t  

to the carbohydrates isolated from E. secalis. Previously, Beltran had 

prepared ^C-Iabeled carbohydrates from R. secalis by incubating the 

fungal mycelium with ^C-glucose. With th is  radio-labeled mixture a t  

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 

in te res t  was concentrated. Figure 11 shows the radioactive p ro f i le  of 

the concentrated mixture, with comparison to glucose and the synthetic 

(l-propanol-2-0) a-D-glucopyranoside, on paper chromatography in solvent
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system ( I -propanol-ammonium hydroxide, 66:33). I t  is obvious that  a 
14 ’C-containing molecule chromatographs very close to the synthetic glu- 

coside, but is not id e n t i c a l . The radioactive component has a greater 

mobility in th is  solvent system than does the synthetic glucoside. In 

the solvent system ( I -butanol-pyridine-water, 9 :5:4), the separation 

is not as obvious, but the radioactive component does migrate a l i t t l e  

f a s te r  than the synthetic glucoside.

Since radioactive material is. found in the fungal extracts  of R.- 
seoalis with chromatographic mobility nearly identical to the synthetic 

glucoside, and since ^C-glucose was used as the labeled subs tra te ,  i t  

seemed possible tha t  the fungus produced a glucoside. However, with 

s l igh t ly  d i f fe ren t  mobil i t ies ,  i t  is necessary to conclude tha t  the 

compounds are not iden t ica l .  The isolated glucoside region possessed 

phytotoxic ac t iv i ty  on barley leaves (personal communication with Pio 

Beltran) .

The question that  arises  a t  th is  juncture is whether the linkage to 

1 ,2-propanediol might actually be thru C-I instead of C-2, as ea r l ie r
I

postulated. The only data, which could lead one to conclude the C-2 

linkage, was comparison of the synthetic glucoside to the non radioact­

ive carbohydrate mixture in solvent System ( I -butanol-pyridine-water, 

9:5:4). This procedure would certainly be misleading, s i nce the solvent 

system does not separate the synthetic glucoside from the radioactive 

glucoside. Therefore, i t  was necessary to determine the exact linkage
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to 1 ,2-propanediol. The proposed plan for determining the linkage in- 

volved preparing the benzyl derivative of the toxin and then hydrolyz­

ing the anomeric linkages (Figure 12),10 producing benzyloxy propanol. 

The isomer obtained would be indicat ive of the original linkage. For 

th is  comparison, compound 2: and i t s  isomer, 2-benzyloxy-l-propanol ,(12) 

(Figure 13), would be required.

1. NaH
2. BzCl, (4)

carbohydrate ------------------—> perbenzyl ated carbohydrate
dioxan

HOAcZH2SO4 fragmentations '
perbenzylated carbohydrate ---- -------------y +

A, 24 Hrs benzyloxypropanol

Figure 12. Reaction scheme for obtaining the benzylated aglycone.

HO—CH2—CH—O

Figure 13. 2-benzyloxy-l-propanol.

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

mer, (1_2). Allyl alcohol, (3), was reacted with dihydropyran, (13), in 

the presence of a ca ta ly t ic  amount of HCl producing 2-(al ly loxy) t e t r a -
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hydropyran, (T4_), as shown in Figure 14. 13

13

Figure 14.

HO-CH2 -C H -C H 2 ► C q X 0 ^CH2-C H = C H 2

’ 14

Hydroxyl protection of ally! alcohol by d ihydropyran.

An oxymercuration reaction on H,® produced I -[( tetrahydropyran-2-yl) 

oxy]-2-propanol, Q 5) ,  as shown in Figure 15.

Hg(OAc) 2  

THFZH2O

, /C H 2-C H -C H 2 KOH
3. NaBH.

0 ^ o ^ G H 2-C H -C H 3  
15 OHU  "" 4

Figure 15. Oxymercuration of 2-(allyloxy)tetrahydropyran.

With benzyla t i on of 15,  ̂ the C-2 hydroxyl group was protected,resulting 

in the doublely-protected product, I -[( te trahydropyran-2-yl)oxy]-2-ben- 

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

NaH

^CHr -C H -C H ?  2. BzCl 
0 '  ^  | ^  4

J I  OH

,CH2-C H -C H 3

Figure 16. Benzylation, producing a double protected 1,2-propane­
diol .
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The la s t  step, was removal of the tetrahydropyranyl moiety from J6̂  

by acid hydrolysis producing 2-benzyloxy-l-propanol, (12), the re­

quired isomer ( Figure 17).

C H g — C H — C H j

Dowex 50W-X8

MeOH
H O — C  H o — C  H —  CH -z

I 3
12 O--CHz

Figure 17. Removal of the tetrahydropyranyl moiety by acid hydro­

lys is .

Mass spectra were obtained on the two isomers, {2) and (12), as 

l i s ted  in Table 2. This was done to confirm that  2 was a secondary 

alcohol, and that  H  was a primary alcohol.

By glc analysis ,  both isomers separated on a carbowax column as 

well as on a SE-30 column. The toxin, obtained from G. Strobe! , a f te r  

benzylation and hydrolysis , contained material that  had a retention time 

on both the carbowax and SE-30 columns, equal to 2-benzyloxy-l-propanol. 

With th is  r e su l t ,  the linkage was determined to be thru C-I of 1,2-pro­

panediol. With the understanding about the nature of the carbohydrate 

attachment to 1 ,2-propanediol, i t  was now of in te res t  to attempt synthe­

sis  of the a -c e l lobioside . Cellobiose was previously suggested as the 

carbohydrate moiety of the toxin J
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Table 2. Mass spectral data for the two 

panel.

¥
HO-CH9-C-CH-

■6b z .

isomers of benzyloxypro

m/e Intensity
166 Molecular ion 0.4
148 0.35
135 2.15

107 ■ 1.41
92 4.8
91 Base peak (tropylium ion) 2 8 .8

65 2.6

39 1.2

31 Primary alcohol 1.4

28 1.8

¥

m/e Intensity

166 Molecular ion 0.4

107 ■
0.7

92 2.1

91 Base peak (tropylium ion) 4.15

65 0.85

45 Secondary alcohol 2.55

28 1.95
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The only known method for obtaining a -c e l lobiosides was by an ano- 

merization reaction on the B-cellobioside by titanium te t rach lor ide ,^  

as already mentioned. Since the yields can be very small and unpredict­

able, an a l te rna te  method was sought. The only reasonable approach that 

could be found required a reaction sequence that  terminated in an a t ­

tempted coupling of phenyl perbenzylated-l-thio-B-cellobioside with the

alcohol, (12). This would be similar  to the method reported by Ferrier 
15et  a l . for phenyl 2 ,3 ,4 ,6- te t ra-0-benzyl- I -thio-B-D-glucopyranoside.

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

lobioside required for coupling. Octa-acetyl-cel lobiose,  (Tjl), was ob­

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

(17), as shown in Figure 1 8 . ^

Figure 18. Acetylation of cel lobiose.

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 ' - h e p t a -
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O-acetyl-cel I obiosyl bromide, (19 ) .^  Phenyl 2 , 3 , 6 , 2 ' , 3 ' , 4 '  ,6 '-hepta-  

0-acetyl- I - th io-B-cel lobioside,  (20), was obtained by reacting thiophen- 

oI with sodium hydride, and then displacing the bromide of 1_9, with the 

thiol a t e , ^  as seen in Figure 20. Al I acetyl protecting groups were
I I 17

removed from ZO by l iquid ammonia in methanol, producing phenyl I - 

th io -g -ce l lobios ide , (2JJ , as depicted in Figure 21.

NT

Figure 19. Bromination of octa-acetyl cel lobiose.

I NaH
2 .  L h i o p h e n o l

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

Benzylation of 2Ĵ  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 - th io - f -c e l lobioside , ( 2 2 ) (Figure 22).

1. NaH
2 .  BzCl

d i o x a n

Figure 22. Benzylation of phenyl I -thio-B-cel lobioside.

S

Having the requis i te  derivative of cellobiose,  the proposed s t ruc ­

ture of the toxin could be obtained by a two step reaction sequence.
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The th io -a c e ta l , (22), was converted to (2-benzyloxypropane-l-0) 2,3,6, 

2 ' , 3 ' , 4 ' ,B'-hepta-O-benzyl-cellobioside, (23), by addition of 2-benzyl- 

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

o—,

Figure 23. Mercuric su lfa te  f a c i l i t a t e d  coupling of 2-benzyloxy- 

1-propanol to phenyl 2 , 3 , 6 , 2 ' , 3 ' , 4 ' , 6 1-hepta-O-benzyl- 

1 - th io -g-cellobi oside.

Mercuric su lfa te  has been shown to be the mercury (II)  s a l t  of

choice for doing displacements on phenyl 2 ,3 ,4 ,6- te tra-0-benzyl- I - th io -
15e-D-glucopyranoside. These workers did not use mercuric aceta te ;

15because, "the acetate appeared to give the glycosyl a c e ta t e . " DebenzyV 

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

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

10% P d /C

ethanol

O—,

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

3 ' , 4 ' , 6 1-hepta-O-benzyl-cell obi oside.

I t  was of in te r e s t ,  for two reasons, to attempt coupling I -benzyl-

oxy-2-propanol, (2J , with 22 using mercuric aceta te .  F i r s t  of a l l ,  to

obtain the other linkage with 1 ,2-propanediol, and secondly, to see i f

mercuric acetate would work with phenyl perbenzylated-1-thio-cel lobio-

side. The reaction,  as seen in Figure 25, did not couple the alcohol

to give the desired product, (25), but did form the ace ta tes ,  (26) , in

a quanti tat ive  yield .  This corraborates for the c e l lobiose derivatives,

the observation that  was made with the glucose deriva tives,  that  mer-
15curie acetate appeared to give the glycosyl aceta tes.

Reactions seem to proceed quite slowly with mercuric su l fa te ,  pos­

sibly because i t  is not very soluble in the reaction media. I t  was 

thought that  phenyl mercuric acetate might be a good reagent i f  i t  did



not cause formation of the aceta te .  This mercury compound should have 
good so lub i l i ty  in the solvents used during synthesis. A reaction was 
attempted u t i l iz ing  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.

183

Hg(O Ac) 2

Figure 25. Mercuric acetate f a c i l i t a t e d  coupling of I -benzyloxy- 
2-propanol to phenyl 2 , 3 , 6 , 2 ' , 3 ' , 4 ' ,6'-hepta-0-benzyl-  
l - th io -6 -c e l lobioside . The ace ta te ,  (26), could be 
hydrogenated to give I -O-acetyl c e l lobioside.
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Since the reaction in Figure 25 did not produce the appropriate 

product, and phenyl mercuric acetate did not reac t ,  a third reaction 

was attempted using mercuric su l fa te .  A reaction of 2̂ with 22, f a c i l i ­

tated by mercuric su l fa te ,  produced ( I -benzyloxypropane-2 - 0 ) 2 , 3 ,6 ,2 ' ,  

3 ' , 4 '  ,G'-hepta-O-benzyl-a-cellobioside, (25), as shown in Figure 26.

Figure 26. Mercuric su lfa te  f a c i l i t a t e d  coupling of I -benzyloxy- 

2-propanol to phenyl 2 ,3 , 6 , 2 ' , 3 ' , 4 ' , 6 1-hepta-O-benzyl- 

I - th io-B-cel lobioside.

Debenzylation of 25̂  was accomplished by a hydrogenolysis reaction using 

hydrogen and 10% Pd/C in ethanol, producing ( I -propanol-2-0) a -c e l lo ­

bioside,  ( J J , as shown in Figure 27.
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H H

e t h a n o l

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

3 ' , 4 ' , 6 1-hepta-O-benzyl-cel I obi oside.

Concentrated solutions of \ and 24 were bioassayed on cuttings of 

barley (cu l t ivar  var. Hannchen C. I . 531) resulting in only s l igh t  phy­

to tox ic i ty .  This resu l t  was a s t r ik ing  setback. To be certain that  

the synthetic toxin migrated in chromatography systems similar  to the 

native toxin, the s i l ica-ge l  p la te ,  represented in Figure 28, was run 

in solvent system, (ethyl acetate-water-methanol, 84:18:35). To our 

surpr ise ,  the Rp's of the ( 1 - 0 ), and (2 - 0 ) a - c e l lobiosides were experi­

mentally equivalent to that  of glucose ( resu l ts  were the same on paper 

chromatography). However, the toxin is known to migrate only a l i t t l e  

f a s te r  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 c e l lobios ide , as previously postulated.

At th is  juncture i t  was of in te res t  to see i f  the toxin correspon-
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Front

O)
toO.O3
Cr,

----------- i - "',"./(I-------8 -------- a----- ■ '

Figure 28. Thin-layer chromatography of the (I-Q) and (2-0) ex­

cel lobiosides of propanediol.

ded to a t r i saccharide. The (2-propanol-1-0) a -ce l lobioside was submit­

ted to mild acid hydrolysis, using 2 . IN TFA a t  80°C for 1.5 hrs. The 

resul tan t  product mixture was comparatively chromatographed against an 

isolated toxin fraction (obtained from Strobe!) , as seen in Figure 29. . 

The th in- layer  plate  shoyvs that  c e l lobiose was a probable major contain-



187
inate in the preparation, and only one other spot was observed. The 

other spot migrated a l i t t l e  fur ther  than c e lTobiose, but did not move 

into the glucose spot. This resu l t  confirmed the e a r l i e r  idea that  the 

c e l lob ios ides .can not be s t ruc tu ra l ly  identical to the toxin.

Front

CD
IT)O
U
=3

CD

O

I------1 ....8

Figure 29. Thin-layer chromatography of the (2-propanoT-l-O) a- 

cellobi aside hydrolysate and natural toxin on s i l i c a -  

gel .in solvent system (ethyl acetate-water-methanol, 

84:18:35).



This chromatography was repeated three times and Rjr values were 

obtained of the glucoside, cell obi oside and toxin (Table 3). For graph­

ical purposes, the number of residues assigned to each component were 

the following: glucoside = I ,  c e l lobioside = 2 , and toxin = 3 residues.

Table. 3. Rp values of both (2-propanol-1-0) ct-D-glucopyranoside 

and. a -cel lobioside,  and the native toxin in the solvent 

system, (ethyl acetate-water-methanol, 84:18:35).
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Number of Residues Rp Values I 0
 

to 2
3 1 X
?

 
I

 
■

I 0.466 0.059
0.466 0.059
0.488 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 . 2 0 2 0.597

Least squares treatment of these data gave a s t ra igh t  l ine (Figure 30),
18having a correlat ion coeff ic ien t  of 0.998. This graphical treatment, . 

with i t s  l inear  resu l t  is indicat ive of a series of oligosaccharides, 

a-glucoside, a -c e l lobioside and a -c e l l o t r i o s i d e . .

For a comparison analysis of the graphical method, with a d i f f e r ­

ent se t  of oligomers. Bio-gel P-2 isolated  oligomers of a cel lulose
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-log A

Figure 30. Plot of subunits vs. -Iog(RpZl-Rp) for  (2-propanol-l-0) 

a-glucoside, a - c e l lobios ide , and the natural toxin.



190

hydrolysate were obtained. These oligomers were chromatographed on thin 

- layer  plates in the solvent system, (ethyl acetate-water-methanol, 84: 

18:35), and th e i r  R^'s with data reduction are found in Appendix A. The 

leas t  squares treatment of the data gave a s t ra igh t  l ine .(Figure  31), 

with a correlat ion coeff ic ien t  of 0.9988. Therefore, the interpretat ion 

of th is  type of plot is consistent  for.comparing the number of residues 

in oligomeric species.

With these empirical r e su l t s ,  suggesting tha t  the toxin may be a 

t r i saccharide, other data were required. A highly purif ied (by paper 

chromatography-Strobel) toxin preparation was sent for methyla t i on anal-
IQ

y s i s ,  and the resul ts  are presented in Table 4. Upon analysis of the 

da ta , ce lTotriose could very possibly be in the mixture, but would only 

be 15%.of the t o t a l ,  with a t  l eas t  f ive other carbohydrates being pres­

ent. For ce l lo t r iose  to be present with these other carbohydrates, and 

a t  th is  Rp (on paper or th in- layer  chromatography), i t  must; have an 

aglycone. To be consistent  with the residue data in Figure 30, and the 

glc data (showing the presence of ( 1 - 0 ) linked 1 , 2 -propanediol) , i t s  

possible tha t  t h e . t r i saccharide might contain the (1 - 0 ) linked 1 , 2 - 

propanediol.

The (2-propanol-T-O) a -c e l lobioside hydrolysate was also compara­

t ive ly  chromatographed on th in- layer  with synthetic ( I -propanol- 2 - 0 ) a- 

D-glucopyranoside (Figure 32). The (1-0) ct-D-glucopyranositie in this  

and other chromatograms travels  a l i t t l e  fas te r  than (2-0) a-D-glucopy-



Figure 31. 
Plot of subunits vs. 

-log(R
F/l-Rf-) 

for hydrolysis



Table 4. Methylation analysis of the toxin fract ion.  

95% of tota l  carbohydrate was glucose 

5% was Xylose (4-1 inked)

4 1 % of to ta l  glucose was terminal
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Analysis of the above data MoIe % of total

glue (1+4) Xylose 5% terminal
5% Xylose

12.2

10%

glue ( 1 2̂ ) glue , - J terminal
' 10% (1+2), (1+3)

24.4

5%

glue ( 1+6 ) glue .5% terminal 12.2
5% (1+6)

15%

glue (1+4) glue ■ 15% terminal
15% (1+4)

36.6

(known c e l lobiose contamination)

6% 6% 6%
glue (1+4) glue (1+4) glue ' 6 % terminal

12% (1+4)
14.6
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ranoside. These chromatograms looked very similar to the ones obtained 

by comparison of the (2-0) a-D-glucopyranoside and the radio-labeled 

fungal carbohydrates (Figure 11).

Front

oj™a
. JS -3

r a  U  CD
in  3  on

CU ' > )  r— o
(/) r— c n  *r—
O O l -Q U L. O O.Q -O l r -  — y I—
cn _c a)

O  U

OsJ

O

Figure 32. Comparitively chromatographed ( I -propanol-2-0) a-D-glu- 

copyranoside and the ( 2 -propanol- 1 -0 ) a -c e l lobioside 

hydrolysate on s i l i c a - g e l ,  in solvent system (ethyl 

acetate-watisr-methanol, 84:18:35).



'194
I t  now looks very probable that  a series of carbohydrates (toxins) 

are present .instead of a single toxic component. The (2-propanol-1-0). 

.ct-'D-glucopyranoside appears to be present, the isolated fraction contain-, 

ing i t ,  is phytotoxic to barely leaves (var. Hannchen C. I. 531). The 

synthetic ( I -propanol-2-0) a-D-glucopyranpside is also toxic. The syn­

the t ic  a -c e l lobiosides are toxic; and the mixture which appears to con­

tain  the t r i saccharide, is phytotoxic. In order to firm up the above 

data, the (1 - 0 ) linked, aglycone should be present in a ll  fract ions cor­

responding to the compounds in question. Also, the presence of the 

cell obi oside in I?. seoalis extracts  must be substantia ted. The question 

also a r i s e s ,  are there d isaccharides having linkages other than (l->4). 

present in the ex trac ts ,  that  contain th is  aglycone? lTo obtain these 

kinds of data required us to t e s t  the hypothesis of a series  of toxins, 

and to answer the question concerning the existence of other carbohy­

drates within the se r ie s ,  iso lat ion procedures must be pursued.

Before pursuing the isolat ion of carbohydrates from R. seoalis ex- ' 

t r a c t s , changes were made in the isolat ion procedure (presented in Fig­

ure I ) .  The procedure used is summarized in the flow sheet presented 

in Figure 33. The procedure used for the bioassay , was the same, as that . 

used by Auriol e t  a l . To f a c i l i t a t e  bioassaying samples on a smaller 

scale , miniature conical tubes were used, enabling volumes as small a s '  

0 . 2  ml to be assayed.

In an attempt to evaluate the poss ib l i ty  of having a number of
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two I l i t e r  cultures of R. seoalis

I ' -f i l t e r e d  through cheesecloth and mi Il ipdre f i l t e r  pad ■
AP252512450

combined, and concentrated a t  50°C, 50 ml

add 3 volumes of acetone, a t  - I S0 Ĉ, centrifuge for 10 min a t  20,000 g
Discard.ppt.

concentrate, 50 ml
Y  I

■ Dowex 50W-X8, (ji ) ,  17 x 2.3 cm

Dowex l -x 8 , (OH™), 17 x 2.3 cm 

concentrate, 2 ml (crystal  clear  eluate)
. I

apply to a Bio-gel P-2 (200-400 mesh) column, 50 x 1,5 cm
c o l l e c t .20-40 2 ml fract ions

concentrate, 2 ml
I ,

paper chromatography on Whatman #1 in solvent system, ( I -butanol-pyridr
ine-water, 9:5:4)

elute  and decolorize with activated charcoal in ethanol (70%)
r _ _ -------------

Bio-gel P-2 (200-400 mesh) column 
95 x 1.5 cm

samples

t ■
Bio-gel P- 2  (-400 mesh) column 

295 x 0.8 cm 
temp. - 55°C

samples

Note: The methods included here do not give complete separation of 

all  carbohydrates. -

Figure 3 3 . Flow sheet summarizing the isolat ion procedures u t i ­

lized for obtaining carbohydrates from /?. seoalis extract



toxins present in the ex trac ts ,  iso lat ion was pursued. Throughout the

iso la t ion ,  an account was made-of the minimum amount of carbohydrate

required to cause symptoms of barely scald (Table 5). For quantitation
20of carbohydrate material,  the phenol-sulfuric acid analysis was used.

I t  is in te res t ing  tha t  all  steps thru the Bio-gel P-2 column do. not 

separate the various carbohydrates e a r l i e r  described as possible toxins. 

However, paper chromatography will separate, carbohydrates. Figure 34 

indicates the sect ions,  on paper chromatography, that  will be referred 

to in the following discussion. I f  the so called toxin, "rhynchosporo- 

side,"  was the only toxin in the fungal ex trac ts ,  a f te r  the paper chro­

matography step, i t  would be expected to have ac t iv i ty  a t  a carbohydrate 

concentration of a t  leas t  6 mg/ml.or less .  Obviously th is 1 is not the 

case.

The other sections of the paper chromatograms were then checked for 

toxic i ty  (Table 6 ). The "toxin" section had ac t iv i ty  a t  a higher con­

centrat ion,  40.'5 mg/ml. Activity was also observed in the origin and 

c e l lobioside sections of the chromatograms. Previously, the glucoside 

section was observed to have toxic i ty .

I t  was next attempted to see whether some active components could 

be isolated by placing the toxin and origin sections over a Bio-gel P-2 

column. A Bio-gel P-2 (200-400 mesh) 95 x 1.5 cm column (refered to as 

Bio-gel P-2 #1 ) ,  was used, and a series of standards were placed on 

the column.
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Table 5. Isolation s teps 'including weights and amounts required fo r  toxic ity :

iso la t ion  step
to ta l  weight 

(mg)
carbohydrate

(mg)

r a t i o:
carbohydrate 
total, weight

minimum amount of 
carbohydrate ' 

needed f o r ' 
toxic i ty ,  (mg/ml)

Acetone prec ip ita t ion 3800 1918.4 0.505 113.2

Dowex T-x8 .1370 . 1026.4 . . 0.75 6 6 . 2

Dowex 50-x8

CO 675.5 0.775 61.4

Bio-gel P-2 612.6 556.2 0.908 . ■ 58

Paper chromatography UD

1 -butanol -pyri di ne- ■ .

( 78 . 9 ) *

82.8

no ac t iv i ty  at

water,-9:5:4

"toxin Section"

2 0 . 2  . 
ac t iv i ty  at  

40.5

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

the paper and visualizing the bands of materials.
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g.l UCOS i de

glucose

c e l lobiose

glucoside section

cellobioside section

"toxin" section

origin section

Figure 34.
origin __  + ______/

Areas bioassayed from paper chromatography, solvent 
system ( I -butanol-pyridine-water, 9:5:4).

Table 6 . Symptoms- observed a f te r  3.5 days, on barley cu l t ivar  var. 

Hannchen C . I . 531, from areas on paper chromatography.

Fraction Symptoms Carbohydrate (mg/mT)

"Toxin" section

Origin section

Cellobioside
section
Water

t ip  necrosis., yellowing 
of leaf  margin
s l igh t  t ip  necrosis,  s l igh t  
yellowing of leaf  margin
yellowing of en t i re  leaf  

none, a f te r  6 days

40.5'
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Cello-oligosaccharides [3(1—>4)] were prepared by hydrolyzing ce l­

lulose With SN TFA, for  6 hrs a t  I OQ0C. The mixture, a f te r  paper chro­

matography, was placed on the Bio-gel P-2 #1 column, and the prof i le  is- 

seen in Figure 35. The data reduction from this  elution curve is found 

in Appendix B.

Figure 36 shows the plot of elution volume/void volume (Ve/Vo) vs. 

log(molecular weight), to be a s t ra igh t  l ine having a corre lat ion coef­

f ic ie n t  of 0.9994. Note: glucose was not included in . the  p lo t ,  since

i t  is known to always f a l l  off  the l ine produced by the oligomers.

A corn syrup hydrolysate was obtained, and i t s  oligomers, [a ( l—> 

4 )] ,  were passed over the Bio-gel P-2 #1 column, and the prof i le  is 

presented in Figure 37. The data reduction for this  elution curve is 

found in Appendix C. Figure 38 shows the plot of (Ve/Vo) vs. log(mpl- 

ecular weight), to be a s t ra ig h t  l ine having.a correlat ion coefficient  

of 0.9893.

The synthetic (2-propanol-1-0) a-cel lobioside,  (24), was placed on 

the Bio-gel P-2 #1 column, and the resul t ing elution p ro f i le  is present 

ted in Figure 39. The. B-anomer of 24 elutes a t .a  s l igh t ly  greater e lu­

tion volume, 89 ml, while glucose elu tes a t  the same volume as the 

previous run, 111.4 ml.

The "toxin" and origin sections from paper chromatography (Figure 

34), were combined and placed over the Bio-gel P-2 #1 column. The 

collected fractions were pooled in groups of ten and bioassayed.
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I 2.6 2.
log(molecular weight)

Figure 36. Plot of (Ve/Vo) vs. log(molecular weight) for

cel lo-ol igosaccharides.
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Figure 37. Malto-oligomers on a 95 x T.5 cm Bio-gel P-2 

(200-400 mesh) column.
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2.6 2 J b  3.<
log(molecular weight)

Figure 38. Plot of (Ve/Vo) vs. log(molecular weight) for maI to ­

ol igosaccharides.
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Figure 39. Synthetic (2-propanoT-l-0) a-cel lobioside on a

9 5  x I . 5  cm Bio-gel P-2 (200-400 mesh) column.
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Results of the bioassay are presented (Figure 40) in a way that  indi­

cates which pooled fractions contained ac t iv i ty .  There are a number of 

samples (pooled fract ions)  that  contain a c t iv i ty ,  i . e . ,  E-H. This d is ­

tribution. might be representative of a large number of d i f fe ren t  toxic 

compounds. Upon comparison of the elution diagram of the ce l lo-o l igo­

saccharides (Figure 35) to tha t  of (2-propanol -I -0) ct-cel I obi os i de 

(Figure 39), the t r i saccharide would be expected to e lute  in the region 

of fractions 82-88. This region does have toxic a c t iv i ty ,  correlat ing 

with e a r l i e r  data tha t  suggests a t r i saccharide unit in the "toxin".

The c e l lobioside section (region around glucose on paper chromato­

graphy) was now investigated on the Bio-gel P-2 #1 column. Figure 41 

shows the observed elution prof i le  of the carbohydrates in the cellobio­

side section. The. compound of in te res t  was the cell obi oside, (24), 

known to elute  a t  87.6 ml. There was no peak observed in Figure 41 

where the cell obi oside was expected to be found. However, i f  i t  was 

present in small q u a n t i t i e s , i t  would be expected to e lute  with the 

material labeled, c e l l .  #1.

The fractions within the peak area of c e l l .  #1 were combined and 

replaced on the column, whose elution prof i le  is shown in Figure '42. . 

In teres t ing ly ,  the material near 86 ml did not comprise a single sym­

metrical peak. A break-point was located at  87.8 ml, which is  experi­

mental Iy identical  with the elution volume of the synthetic ce l lobio­

side) With th is  observation, one may suggest that  the cell obi oside
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Figure 42. Elution profile of sample, cell. #1.
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could be in th is  mixture.

The material within the.peak area of ce l l .  #2 was placed back over 

the column, and i t s  elution prof i le  is presented in Figure 43. The ma- , 

ten  a I in th is  peak eluting as one symmetrical peak, is indicat ive of a' 

single component.

The material in sample, c e l l .  #3, was seen to consist of at  least  

three components * a f te r  separation on the Bio-gel P-2 (200-400 mesh) 

column. To obtain samples from each peak, c e l l .  #3 was passed over a 

295.5 x 0.8 cm. Bio-gel P-2 (-400 mesh) column {referred to as Bio-gel 

P-2 #2 column} (Figure 44). From a series of column runs, fractions 

were pooled producing three samples, c e l l .  #3A, ce l l .  #3B, and cell.#3C.

The glucoside section (from paper chromatography) gave the elution 

prof i le  in Figure 45 a f te r  being subjected to the Bio-gel P-2 #2 column. 

There were four samples isolated from th is  column, Glue. #2, #3, #4,and 

#5. Radioactive glucose was used as a marker during the column run.

For comparison purposed, ally! a-D-galactopyranoside was also examined 

on the Bio-gel P-2 #2 column, and i t  eluted a t  103 ml. AlIyl a-D-galac­

topyranoside would be expected to elute  in the same region as (2-propan­

ol -1-0) a-D-glucopyranoside. There was a large peak a t  104 ml, which 

contained a t  least. two compounds. I t  is possible that  one of these com­

ponents may be the glucoside.
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Figure 43. Elution profile of sample, cell. #2.
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The next step toward the ver i f ica t ion  of the possible existence of 

a series of 1,2-propanediol.glycosides was an experiment u t i l iz ing  NMR 

spectroscopy. The NMR experiment was used as a probe to look for reso­

nances typical of the aglycone methyl doublet. The doublet, aris ing from 

the methyl protons on 1,2-propariedioTwould be expected to be near 1.0- 

1 ;35 ppm. Coupling constants were also useful for comparison purposes; 

th e i r  values were expected to be between 6.2-7.4 Hz. Thirteen samples 

were submitted for proton NMR spectroscopy on an FX 100 FT NMR, and. the 

resul ts  from these analyses are compiled in Table 7. By the c r i t e r i a  

used, eight samples were determined to be candidates for possession of

1.2-  propanediol. All samples tha t  were determined to possibly contain

1.2- propanediol were considered for the next step; that  i s ,  the benzyl - 

ation experiment. This experiment would be able to prove three points: 

(I) which samples contained the elements of 1,2-propanediol, (2) was I , 

2-propanediol linked g lycos id ica l ly , and (3) a t  which carbon of 1,2-pro­

panediol the glycosidic linkage occurred. All samples were benzyTated 

and. hydrolyzed, as e a r l i e r  described (Figure 12), and the resul ts  of the 

glc analysis are l i s ted  in Table 8. Glucose and (T-benzyloxy-2-0) 2,3, 

4 ,6-tetra-O-benzyl-a-D-glUcopyranoside, (TO), were used as controls.

The gTucoside was hydrolyzed under identical conditions, but was not 

placed through the benzylation reaction.  ATI samples were analyzed us­

ing an SE-30 glc column. Contaminating material, from the benzylation 

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 a l l  samples

isolated from ft. secalis ex trac ts .
Al I prospective Possibi l i ty  

coupling for aglycone 
Sample Resonances*,(ppm) constants(J ,  Hz) moiety ,

Glucpside section 1.11,1.037,0.973 7.27,6.38

Glue. #2 not a glycoside - -

Glue. #3 1.259,1.188,1.115 7.097,7.297 +

Glue. #4 ' none - -

Glue. #5 none - -

Cellobioside section 1.336,1.267,1.154,
1.13,1.066

6.88,6.38,8.77 +

CelL #1 1.252,1.183,1.115 6.86,6.78 + '

Cell. #2 1.257,1.184,1.115 7.27,6.88 +

Cell. #3A none “ “

Cell, m none - -

Cell. #3C 1.311,1.242 6.86 +

"Toxin"** 1.317,1.243 ' 7.35

Origin Section 1.335,1.267,1.13,
1.071

6.78,5.88 +

* All resonances are re la t ive  to DHO at 4.78 ppm, and only reson-

ances from 1.0-1.35 are reported.

** Spectrum obtained on a Bruker 270 MHz instrument.



Table 8. Analysis by glc (on SE-30) for the isomers of .

benzyloxypropanol, in all  samples that  were de- 

• t e mined, by NMR, to possibly contain 1,2- 

propanediol.

y y
HO-̂ - CHg—C— CH- Bzo— CHa— C—CH

Sample OBz 6 * . OH
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glucose control -

(2-0) glucoside 
control - +

glucoside section + -

glue. #3 + +

cel lobioside section + -

c e l l .  #1 + -

cel] .  #2 + -

ce l l .  #3 . . -

"Toxin" + —

origin section - -

as 2-benzyloxy-1-propanol. This was not the case on the SE-30 column. 

The only isomer present in all  cases, except the sample labeled Glue.#3, 

was 2-benzyloxy-l-propanol. Glue. #3 appeared to contain both isomers. 

But, since the isomer, I -benzyloxy-2-propanol, was not observed in the



overall glucoside section, i t s  existence is questionable. With these 

r e su l t s ,  the presence of glycosides linked (1-0) to 1 ,2-propanediol was 

confirmed, as l i s ted  in Table 9. There are a t  leas t  four separate frac­

t i o n s  having components tha t  contain a glycosidic linkage to carbon-1 

of 1,2-propanediol. This extra sample (determined to contain glycosid- 

IcaTiy linked 1,2-propanediol) ,  Cell.  #2, and even Cell. #1, which con­

tains a t  leas t  two compounds, may be other d isaccharide derivatives of

1,2-propanedipT. These other possible 1 ,2-propanediol linked disaccha­

rides may be important for  the understanding of the overall picture des­

cribing the in teractions of R. secalis on barley plants.

Table.9. Samples from extracts  of R. secalis determinded to pos­

sess aglycosidic  linkage to 1,2-propanediol.

Sample .

Carbohydrate H

O-CH0-C-CHq2 I 5
OH

Carbohydrate
CHg

O-C-H
6h2i

Glucoside Section. + -

Glue. #3 • +

Cellpbioside Section + -

Cell. #1 ■ + -
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Therefore, another step toward the veri f ica t ion  of the  st ructure

was attempted. The isolated samples, Cell. #T and Cell. #2, were sub-
19mitted for methylation analysis . Neutral sugar analyses showed that 

Cell'. #1 contained predominantly glucose with small amounts of other 

sugars, and Cell. #2 contained only glucose. The methylation analysis 

of Cell.  #1 is presented in Table 10. This sample, which had a compo­

nent eluting from a P-2 column a t  the same volume as (2-propanoT-T-O) a- 

cel lobioside,  appears to contain two major d i saccharide components. One. 

component has a 4-1 inked glucose, and the other component has a 6-1 inked 

glucose. Small amounts of the 2- and 3-1 inked, and 4,6-1 inked residues 

were also noted. This resu l t  correlates with the poss ib i l i ty  of having 

(2-propanol-l-0) a-cellobioside in the fungal ex tracts .  I t  also pres­

ents the p oss ib i l i ty  of having all  the possible linkage s i t e s  within 

the d isaccharide.moiety, i . e . ,  glue (1—>2) glue, glue (1—>3) glue, glue 

(1-+4) glue, and glue (1—>6) glue.

.The methylation analysis of Cell.  #2 is  presented in Table 11.

This sample, which appeared to be a single component by column chromato­

graphy, has only one major disaccharide moiety. This di saccharide has ■' 

a 4-1 inked glucose, and by mass spectroscopy, the major signals may be 

due to the fragmentation of an ethyl cel lobioside. Therefore, Cell. #2 

may pot be important to the overall toxin picture.  .
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Table 10. Methylation analysis of the sample, c e l l .#1. 

Method: methylation, hydrolysis, reduction and acetylation.

*
Type of moiety found Percent

Terminal glucose 52

2- or 3-linked 4

4-1 inked 21

6-1 inked , ' 16

4,6-1 inked 7

Analysis of the above data Mole % of total

4% 4%
glc(1^2)glc-aglycone . 4% terminal
or(1-»3) 4% I- or 2-1 inked

21% 2T%
gTc(l-4)glc-aglycohe 21% terminal 

21% 4-1 inked
43.8 .

16% 16%
glc( W)glc-aglycone 16% terminal 33.3

16% 6-1 inked

7% 7%.
glc(M ,6)g lc -ag lycone 7% terminal 

7% 4,6-1 inked
14.6

The p e r c e n t a g e  i s  n o r m a l i z e d  t o  100%.



Table Tl. Methylation analysis of the sample. Cell. #2.

2 1 9  '

Method: methyla t i on, hydrolysis, reduction and acetylation.

Type of moiety found 

. Terminal glucose 

2- or 3-1 inked 

4-1 inked 

6-1 inked

Analysis of the above data Mole % of total

4%' terminal 8.4
Mo 2- or 3-1 inked

40% terminal ■' 83.3
40% 4-1inked

■ 4% terminal ■ 8.4
Mo 6-1 inked

4% ' 4%; -
glue (1—>2). gluc-aglycone
or ( W 3 )

40% 40% .
glue (1-^-4) gluc-aglycone

4% . Ml ■'
glue (1—>6) gluc-aglycone

Percent 

■ 52

4 ,

40 

4 ■ '

*
The p e r c e n t a g e  i s  n o r m a l i z e d  t o  100%.



SUMMARY

With t h e  u s e  o f  t h e  p r o t e c t e d  a l c o h o l ,  I - b e n z y l  o x y - 2 - p r o p . a n o l ,  ( 2 ) ,  

t h e  s y n t h e s i s  o f  ( I - p r o p a n o l - 2 - 0 )  o t - D - g l u c o p y r a n o s i d e ,  ( 1 1 ) ,  f o r  u s e  i n  

a s u b s e q u e n t  e n z y m a t i c  r e a c t i o n  was  s t r a i g h t  f o r w a r d .  T h i s  g T u c o s i d e ,  

a l t h o u g h  shown n o t  t o  b e  i m p o r t a n t  i n  t h e  n a t u r a l  s y s t e m ,  was  o f  i n t e r ­

e s t  f o r  a number o f  r e a s o n s .  F i r s t ,  lj_ was f o u n d  t o  b e  t o x i c  ( a t  h i g h  

l e v e l s )  t o  b a r l e y  l e a v e s ,  s h o w i n g  symptoms s i m i l a r  t o  t h o s e  o f .  t h e  

n a t u r a l  t o x i n .  S e c o n d ,  a s  a c o n s e q u e n c e  o f  i t s  s t r u c t u r e ,  i t s  NMR 

s p e c t r u m  was  o f  i n t e r e s t .  The m o l e c u l e  was  o b s e r v e d  t o  c o n t a i n  two  

d i s t i n c t l y  d i f f e r e n t  c a r b o n - 1 ,  e - p r o t o n s .  The a g l y c o n e  m o i e t y ,  i n  an 

a l p h a - l i n k a g e ,  c o n t a i n e d  two d i s t i n c t l y  d i f f e r e n t  m e t h y l  g r o u p s .  T h is  

r e s u l t  c o u l d  b e  du e  t o  t h e  two p o s s i b l e  i s o m e r s  a t  C - 2 ,  o f  1 , 2 - p r o ­

p a n e d i o l  , w i t h  e i t h e r  h y d r o g e n  b o n d i n g  b e t w e e n  t h e  a g l y c o n e  h y d r o x y l  

and t h e  c a r b o h y d r a t e  r e s i d u e ,  o r  s p a t i a l  c r o w d i n g ,  s t o p p i n g  f r e e  r o t a ­

t i o n  o f  c a r b o n  2 . .  I t  was  shown by CMR ( S e c t i o n  3 ) ,  t h a t  t h e r e  was  

h y d r o g e n  b o n d in g  t h r o u g h  t h e  h y d r o x y l  a t  C-2  o f  t h e  g l u c o s e  r e s i d u e .

In a c c o r d a n c e  w i t h  t h e  b e n z y l a t i o n ,  h y d r o l y s i s ,  and g l c  s t u d y  o f  

t h e  t o x i n  and o t h e r  i s o l a t e d  c o m p o n e n ts  o f  R .  secalis, t h e r e  was e v i ­

d e n c e  f o r  o n l y  I - I i n k e d ,  1 , 2 - p r o p e n e d i o l  a s  an a g l y c o n e  m o i e t y .  T h i s

■ I
r u l e s  o u t  t h e  e a r l i e r  s u g g e s t e d  2 -1  i n k e d ,  1 , 2 - p r o p a n e d i o T .

As a r e s u l t  o f  t h e  s y n t h e t i c  w o r k ,  R h y n c h o s p o r o s i d e  was  shown n o t



221
to be a cell obi oside. However, by three independent methods including

column chromatography, th in- layer  chromatography, and methyla t i on

ana lys is , the "toxic" material may be a ce l lo t r ios ide .  The' synthetic

method used in the preparation of the cellobiosides has only previously

been reported for glycoside s y n t h e s e s  ̂ This method is s t ra ig h t  for-
=; - . 

ward, and could possibly be applicable for ce l lo t r ios ide  syntheses.

After using syntheses, isolat ion techniques, NMR analyses, and ben­

zyl a t i  on-hydrolysis s tudies ,  i t  appears quite cer tain that  the glucosi- 

de, cel I obi oside, and ce l lo t r io s ide  with an anomeric linkage to carbon-1 

of 1 ,2-propanediol, does ex is t .  Also, there is evidence that  would 

enable one to suggest one or more potential d i saccharides, other than 

the cellobidside,  having an anomeric linkage to carbon-1 of 1 ,2-propane­

diol , Therefore, i t  seems clear  tha t  an ent i re  family of toxins ex is t ,  

a t  l eas t  the B(l->4) oligosaccharide family. Since the isolat ion and 

characterization was approached to ultimately aid in plant breeding and 

se lec tion ,  i t  is advised that  all  selection experiments u t i l i z e  not just 

one fragment of the E. seoalis toxins, but in some manner take into ac­

count a ll  possible toxins.

We submit tha t  th is  work is in no way a complete picture of the 

phytptoxins produced by R. seoalis-, but ra ther ,  only a step toward

opening the door. Further work is required to obtain the various toxic
• • ‘ 

compounds  i n  a p u r e  s t a t e ,  and a l l  s a m p l e s  s h o u l d  be c h e c k e d  i n d i v i d u a l ­

l y ,  and i n  m u l t i p l e s ,  f o r  t o x i c i t y .  A l s o ,  a s e a r c h  f o r  a p o s s i b l e
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broader family of toxins (as was suggested) than in the cel lulose  family, 

should be pursued.

As a l a s t  note, we would l ike to recommend that  the t r iv i a l  name 

"Rhynchosporoside", given to one of the R. seoalis toxins J  be changed 

to "Rhynchosporosides", meaning all  of the toxins of /?. seoalis. And 

any par t icu la r  toxin may be called "Rhyncosporoside^ "^a H b - I ) „  ̂ ^ ere 

the subscript ,  b, indicates the number of sugar res idues, and super­

sc r ip t  indicates the linkage assingments (a being the carbon of a t tach­

ment) . Figure 46 shows the proposed st ructures of the tox ins , with

Rhynchosporoside-j 

Rhynchosporoside^ —̂

Rhynchosporoside^

Figure 46. The proposed structures of the Rhynchosporosides.

th e i r  suggested t r iv i a l  names.
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EXPERIMENTAL
Throughout th is  work, absorbances, for phenol-sulfuric acid deter­

minations, were obtained on a Bausch and Lomb Spectronic 70, and column 

eff luents  were monitored on a Gilson Hollowchrome Variable wavelength 

monitor. Optical rotat ions were obtained on a Carl Zeiss Circle Polar- 

imeter 0.01°, using a sodium lamp. Infrared spectra were obtained on 

both the Beckman-IRBA infrared spectrometer and Beckman-IRZO infrared 

spectrometer. NMR were obtained on a Variah model.T-60 NMR spectromet­

e r ,  using carbontetrachloride or deuterated chloroform for  non-aqueous 

compounds,, and deuterium oxide for aqueous compounds. An as ter isk  ■(*) 

appears a f te r  all  CMR or NMR obtained by James S. Frye.at the CSU Regi­

onal NMR Center, Department of Chemistry, Colorado State University, .. 

Fort Coll ins ,  CO 80523. All resu l ts  obtained, were with respect to.

DSS substi tuted.

Al I melting points and boiling points are uncbrrected. Al I elemen­

tal  analyses were obtained from Galbraith Laboratories, I n c . , Knoxville, 

TN 37921.

Throughout th is  work, the following solvent systems were used for 

chromatographic purposes: a. (carbon tetrachloride-ethyl  ace ta te ,  80:

15); b. (carbon te trachloride-ethyl ace ta te ,  80-17); c. (carbon t e t r a ­

chloride-chloroform, 80:20); d. (carbon tetrachloride-chloroform, 80:30 

); e. (carbon tetrachI pride-chloroform, 80:40); f .  (carbon te t rach lo r ­

ide-chloroform, 80:50); g. (carbon te trachloride-ethyl ace ta te ,  80:8);



h. (ethyl acetate-water-methanol, 84:18:35.); i . ( I -butanol-pyridine- 

water, 9:5:1);  j .  (chloroform-ethanol, 150:1); k. (2-butanone-ethanol- 

water, 75:12:6); I .  (carbon te trachloride-ethyl  aceta te ,  80:20); m. 

(carbon te trachloride-ethyl  ace ta te ,  80:10); n. ( I -butanol-pyridine- 

water, 9:5:4); o. ( I -propanol-ammonium hydroxide, 66:33).. .

22Prepatation of ally! benzyl ether 5̂

Sodium hydride (24.8 g, 1.03 mol) was added to a solution of ally! 

alcohol (30 g, 0.52 mol) and dioxan (50 ml) in a 500 ml, 2-necked flask* 

equipped with a mechanical s t i r r e r  and reflux condenser. Benzyl chlor­

ide (HO g, 0.87 mol) was added dropwise to the rigorously s t i r r ed  mix- 

ture. After the addition was completed, the mixture was refluxed for 

4 hrs . The resu l tan t  mixture was centrifuged at  13,000 x g, and the 

supernatant was decanted. The pe l le t  was washed with benzene, cen t r i ­

fuged, decan ted and added to the previous supernatant. The combined sup­

ernatants were f i l t e r e d ,  and the solvent was removed by rotary evapora­

t ion. The product can be observed by glc on a 10' x 1/4", 15%.carbowax 

(on chromsorb G, base washed) column, a t  a temperature of T50°C, with a 

helium flow rate  of 68 cc/min. The retention time was 26.7 min in th is  

system. The resu l tan t  solution was d i s t i l l e d  (40 g, 52% yield) .

■ ■ Vbp25'105-7°C Literature bp760 204-5°C . .

Infrared-  3100, 3050, 2882, 1510, 1468, 1372, 1270, 1220, 1100, 1010,

2 2 4
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749, 708 cm"1.

NMR- 3.65-4.0 (multi p ie t ,  2H), 4.38 ( s ing le t ,  2H), 4.9-5.43 (muI t i p l e t ,  

2H), 5.58-6.23 (mult iple t ,  TH), 7.23 ( s ing le t ,  5H) ppm.

Elemental Analysis- for  C^H^O

Calculated: C, 81.04; H, 8.16

' Found: C, 81.34; H, 7.96

Preparation of  I -benz,y,loxy-2-propanol 2_ .■■ ■

AlIyl benzyl ether (TO g, 0.068 mol) was added to a s t i r r e d  mixture

of mercuric acetate (21.0 g, 0.068 mol) in aqueous tetrahydrofuran (80
8ml, 50:50), a t  room temperature. After the yellow color had.disappear­

ed, the reaction was s t i r r e d  for 15 min, and then a potassium hydroxide 

solution (67.5 ml, 3M) was added. This was followed by a solution of 

sodium borohydride (1.28 g of NaBH^5 in 67.5 ml of 3M KOH). The mercury 

was allowed to prec ip i ta te  and a solution of saturated sodium chloride 

(100 ml) was added. The solution was f i l t e r e d  through celitef i l t e r  aid, 

extracted with methylene chloride, and dried over anhydrous, magnesium 

su lfa te .  The product, (2), was monitored on a TO1 x. 1/4", 15% carbpwax

(on chromsorb G, base washed) column. With the oven, temperature at  
: . ..

T95°C, and a flow rate  of 68 cc/min, the retention time was 36.7 min.

The crude mixture was f i l t e r e d ,  concentrated and run on a low pressure

liquid chromatographic system u t i l iz ing  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 void volume of the column was 325 ml, and a f te r  300 ml of eff luent  

passed, 19.6 ml fractions were collected.  Tubes 23-68.contained the 

derivative (7.0 g, 62% y i e l d ) .

* *
L i t e r a t u r e ^  b p ^  123°C 

Infrared-  3420, 2845, 1465, 1105, 745, 705 cm™1.

NMR-1.0-1.26 (doublet,  3H), 3.03-3.5 (mult iple t ,  2H), 3.63-4.2 (multi-\
p le t ,  TH), 4 . 4 7  (s in g le t ,  2H), 7.27 ( s ing le t ,  5H) ppm.

MS— molecular ion a t  166 m/e.

Elemental A n a ly s i s - fo r  C10H^O2

Calculated: C, 72.26; H, 8.49

Found: C, 72.00; H, 8.45

D is t i l la t io n  was not used during th is  procedure.

IQ
"Preparation of 2,3,.4,6-tetra-0-benzyT-a-D-glucopyranpside 8

Methyl a-D-glucopyranoside (50 g, 0.26 mol), powdered potassium 

hydroxide (250 g ) , and dioxan (183 ml) were s t i r red  and slowly warmed to 

the boiling point in a I l i t e r ,  3-necked f lask ,  equipped with a reflux 

condenser, mechanical s t i r r e r ,  and an addition funnel. Benzyl chloride

(275,3 g, 2.18 mol) was added dropwise to the boiling and vigorously
;

s t i r r e d  mixture. After the addition, the mixture was refluxed for an 

additional 3 hrs. The resulting cooled, mixture was s team -dis t i l led ,  

collecting 5 l i t e r s  of d i s t i l l a t e .  The organic layer was separated and
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washed twice with water, and sodium chloride was added to break the 

emulsion. The organic layer was mixed with glacial acetic  acid (2.1 I) 

and 4N su lfur ic  acid (1.2 I) a t  850C in a 4 l i t e r ,  3-necked flask, equip? 

ped with a thermometer, reflux condenser, and mechanical s t i r r e r .  The 

solution was heated a t  85-87°C for 24 hrs. Water (525 ml) was slowly 

added, and c rys ta l l iza t ion  began. After a l l  the water was added, the 

mixture was cooled in an ice bath. The product was removed by f i l t r a ­

t ion,  and washed successively with aquepus acetic  acid (400 ml, 50% y/v) 

water, arid aqueous methanol (400 ml, 75% v / v ) , and then the crystals  

were dried (102.3 g, 73% y ie ld ) .  The product was recrysta l l ized  twice 

from ri-propanol (62.2 g, 45% yie ld ) .  NOTE: The a r t i c l e ^  s ta tes  that

upon rec rys ta l l iza t ion  there was l i t t l e  loss of m ater ia l ; however, we 

found a 22% loss fo r  each rec rys ta l l iza t ion .  . The product can be .observ­

ed by th in- layer  chromatography on s i l i c a - g e l ,  in solvent system (b ) ,

Rp = 0.15.

in
mp 151-1.8°C Literature mp T51-2°C

"315  20
[a]Hg = +22.5° in CHCl3 (c, 2.194):[a]D = +21.7° in CHCl3 ' (c,  2.19)

Infrared-^ 3400, 3040, 2910, 2865, 1458, 1360, 1145, 1085, 1045, 1030,
-I1005, 743, 693 cm .

NMR— 3.3-4.23 (envelope, BH), 4.35-5.13 (envelope, 9H), 5.23 (multipl- 

e t ,  TH), 7.3 (multiple s ing le ts ,  20H) ppm.

Elemental Analysis- for  C^H^Og
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Calculated:

Found:

C, 75.53; H5 6.71 

C5 75.48; H5 6.65

* *
Obtained from the mono-hydrated species.

Preparation of 25354 56-tetra-0-benzyl-D-glucosy1 chloride 9̂

Thionyl chloride must be d i s t i l l e d  prior  to use. The 2 ,3 54 56- te t -

ra-O-benzyl-ct-D-glucopyranose (4 g, 0.007 mol), and thionyl chloride
11

(8.3 g, 0.07 mol) was added to a 50 ml f lask.  After refluxing for 15. 

min (NOTE: I t  would be good not to ref lux,  but to heat to 40~50°C until

the reaction was complete.),  the solution was concentrated by rotary 

evaporation, and three consecutive aliquots of toluene were evaporated 

to remove traces of thionyl chloride. The product can be observed by 

th in- layer  chromatography on s i l i c a - g e l ,  in solvent system (b), Rjr=OAS.

A s i l ica -ge l  column eluted with chloroform, Rp = 0.76, can be used to 

clean the product j u s t  prior, to reaction.

Preparation of ( I -benzyloxypropanol-2-0) 2,3,4,6-tetra-O-benzyl-ct-D- 

glucopyranoside 10 . •

Dry a ce to n i t r i le  (122 ml), and sodium iodide (12.1 g, 0.08 mol), 

were added to 2 ,3 ,4 ,6-tetra-0-benzyl-D-glucosyl chloride (12.2 g, 0.0218 

mol), After 10 min, I -benzyloxy-2-propanol (4 g , 0.02 mol) and 2 ,6 ,-Iu- 

tidirie (2.58 g, 0.024 mol) .{1.1 mol equivalent) ,. was added to the above 

solution. The reaction was continued for  18 hrs a t  room temperature.
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The product can be monitored by th in- layer  chromatography on s i l ica-ge l ,  

in solvent system (c) ,  Rp = 0.04; (d ) , Rp = 0.13; (e) ,  Rp = 0.19; (f ) ,  

Rp = 0 .2 6 ;  ahd in solvent system ( g h  Rp = 0.39, the product is begin­

ning to separate into two spots (these may be a- and g-anomers). The 

reaction mixture was poured into water (1000 ml) and saturated sodium 

chloride was added. The mixture was extracted three times with carbon 

te t rach lor ide ,  washed twice with 5% hydrochloric acid, washed twice with 

saturated sodium bicarbonate, washed with water, and dried over anhy­

drous sodium su l fa te .  The solution was concentrated by rotary evapora­

t ion ,  and the by-product, 2 ,3 ,4 ,6-tetra-0-benzyl-D-glucopyranose, crys­

tall ized. After f i l t r a t i o n ,  to remove sodium iodide and 2 ,6- lu tid ine  the 

solution was passed over a 22 x 1.4 cm neutral  aluminum oxide column 

with chloroform as eluent.  The product was isolated by passing the re­

su l tan t  syrup over a s i l ica-ge l  column using solvent system (e).

NMR- 1.07-1.3 (mult iple t ,  3H), 3.25-4.3 (envelope, 20H), 5.27 (doublet,

0.71),** 7.3 (multiple s in g l e t s , 25H) ppm.

Elemental Analysis- for  C^4 H4 gO7

Calculated: C, 76.72; H, 7.02

Found: C, 76.60, H, 7.22

**This resu l t  was evaluated to be. 71% alpha anomer.
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Preparation of (1-propanoT-2-0) a-D-glucopyrarioside 11

Hydrogenolysis of JjD was carried out overnight with an equal weight 

o f  ]0% Pd/C a t  a hydrogen pressure of 30 psi ,  in 95% ethanol . Thin- 

layer chromatography on s i l i c a - g e l , in solvent system ( h ) , Rp .= 0.476, 

indicated the hydrogenolysis was complete. The ca ta lys t  was removed by 

f i l t r a t i o n ,  the solution was concentrated, and separated by descending 

paper chromatography on pre-washed Whatman #541, in solvent system ( i ). 

The separated material was decolorized with activated charcoal in 95% 

ethanol. From a fraction of the crude benzyl a ted product (1.4 g., 0.002 

mol), a f te r  hydrogenolysis and separation on paper chromatography, the 

g-anomer was obtained (24 mg, 5% y ie ld ) ,  . and the a-anomer was also 

obtained (198.9 mg, 42% y ie ld ) .  Therefore, by i so la t io n , 89% of the 

products was the a-anomer.

NMR- 1.26 and 1.2 (doublets, 3H), 3 .1 -4 .1 (envelope, 9H), 5.1 (multip.l- 

e t ,  TH) ppm.

NMR- 1.125, 1.189, 1.255 ( t r i p l e t ) ,  3.638, 3.798 ( e n v e l o p e s ) 5 .064(mu- 

l t i p l e t )  ppm.

CMR- 100.633 (4556), 97.958 (5665), 78.21 (4772), 75.487 (14063),74368 

(5932), 74.125 (8388), 73.736 (7561), 72.082 (10041), 67.753(5842), 

67.121. (4438), 63.035 (9689), 19,504 (5043), 16.974 (6374) ppm. 

From the NMR-CMR data, one can suggest tha t  equal amounts, of the two 

isomers a t  C-7 (carbon-2 of propanediol) ex is t .
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Bipassay of ( I -propanol-2-0) a-D-glucopyranoslde on.barley leaves

This experiment was done in conduction with Pio Beltran. Excised 

barley leaves (cu l t iva r  var. Hannchen C. I.  531) were placed in water 

solutions of 1%, having concentrations o f  400 yg/ml and 250 yg/ml.

After 3 days, the solution having a concentration of 250 yg/ml had very 

l i t t l e  or no e ffec t  on the barley leaves, but the solution having a con­

centration. of 400 yg/ml caused symptoms typical of barley scald; w i l t ­

ing, marginal necrosis and yellowing.

14
Comparison of C-glucose labeled fungal carbohydrates with ( I -propanol- 

2-0) q-D-glucopyranoside Figure 11
14A carbohydrate mixture, radio-labeled with C-glucose, was obtain­

ed from Pio Beltran. This mixture was submitted to paper chromatography 

in solvent system (n ) , and a large section, including the area from the 

front  to within the glucose region, was eluted with d i s t i l l e d  water and 

concentrated. This syrup was then comparatively chromatographed on.pre­

washed Whatman #541 paper, with ( I -propanol-2-0) a-D-glucopyranoside,in . 

solvent system (o ) . The glucoside was added in equal quanti t ies  to the 

radioactive mixture. Regions of the chromatogram were cut into I cm 

s l i c e s ,  except for  the region around the glucoside, th is  region was cut 

into 0.5 cm s l i c e s ,  and each s l ice  was counted in a sc in t i l la t ion  count­

er.  The glucoside, placed in equal quanti t ies  with the radioactive ma-
24terial, was exposed by the method of Trevelyan. The resu l ts  are pre-
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sented in Figure 11.

Preparation of 2-(any.loxy)tetrahydropyran 14 .

Concentrated hydrochloric acid (2 drops) was added to a solution

of d i s t i l l e d  dihydropyran. (30 g, 0.36 mol) and d i s t i l l e d  ally! alcohol

(20.7 g, 0.357 mol), in a 100 ml f lask ,  equipped with a calcium chloride 
13adrying tube. Since the reaction is exothermic, i t  must be cooled 

with ice-water. The reaction was s t i r r e d  with a magnetic s t i r r e r  for 

3 1/3 hrs. The product was monitored by glc on a 10' x 1/4", 15% carbo- 

wax (on chromsorb G) column, a t  a temperature of 120°C, and a flow rate  

of 108 cc/min. The retention time was 12.5 min. The solution was neu­

t ra l ized  with ION sodium hydroxide, and dried with anhydrous potassium 

carbonate and magnesium sulfa te  in the presence of sodium bicarbonate. 

The mixture was f i l t e r e d  and d i s t i l l e d  from sodium bicarbonate (35.9. g, 

71% y ie ld ) .  -

I Qk
bpy^Q I 56-9°C Literature bp760 165"7°C

Infrared-  3095, 3025, 2950, 2885, 1653, 1460, 1448, 1388, 1350, 1328,

1268, 1205, 1188, 1138, 1122, 1082, 1060, 1030, 1000, 965,
I

921, 902, 870, 843, 815 cm' .

MMR- 0.9-2.2 (envelope, 6H), 3.2-4.39 (envelope, 4H), 4.59 (singlet,1H), 

4.9-5.4. (envelope, 2H), 5.56-6.26 (multipie t ,  TH) ppm.
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Preparation of l-[(tetrahydropyran-2-y1)oxy]-2-propano1 15

2 - ( a l IyIoxyHetrahydropyran (26 g, 0.18 mol) was added to a stirred
• • -i

mixture of mercuric acetate (59.4 g, 0.183 mol) in aqueous tetrahydro-
O

furan (220 ml, 50:50), in a 500 ml. f lask ,  a t  room temperature. The 

yellow solution lo s t  i t s  color very quickly, and the reaction was s t i r ­

red for another T/2 hr. A potassium hydroxide solution (180 m l , -SM)- was 

added, followed by a sodium borohydride solution (3.48 g of NaBĤ , in 

180 ml of 3M KOH). The solution was l e f t  overnight while the mercury 

precipita ted out. A saturated solution of sodium chloride (200 ml) was 

added, and the mixture was extracted 4 times with dichlohomethane. The 

product was monitored by glc on a 9 1 x 1/4", SE-30 (on chromsorb-G) col­

umn, a t  a temperature of 125°C, and a flow rate  of 50 cc/min. The pro­

duct, (][5), had a retention time of 19.6 min. The organic layer was. 

dried over anhydrous sodium carbonate and sodium sulfa te  in the presence 

of sodium bicarbonate. The mixture was f i l t e r e d ,  concentrated, and dis­

t i l l e d  (22.9 g, 78% yie ld ) .

25 -
bp24 T21.5-2.5°C Literature bPg 3-0 4 60™4°C

Infrared-  3430, 2950, 2880, .1450, 1380, 1270, 1204, 1140, 1125, 1080,
I

1065, 1038, 978, 904, 870, 8TO cm"1.

NMR- 1.15 (doublet, J = 6.4 Hz, 3H), 1.3-2.3 (envelope, 6H)., 3 .0-4.2(en­

velope, 6H), 4.6 ( s ing le t ,  IN) ppm. ,
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Preparation of l-[(tetrahydropyran-2-yl)oxy]-2-benzy1oxypropane 16 

Sodium hydride (6.48 g, 0.27 mol).was added to a solution of 15.

(21 g, 0.131 mol) and dioxan (40 ml), in a 250 ml, 3-necked flask equip­

ped with a reflux condenser, mechanical s t i r r e r ,  and. an addition funnel. 

With vigorous s t i r r in g ,  benzyl chloride (24.9 g, 0.197 mol) was added 

dropwise. After the addition was completed, the mixture was refluxed 

for 4 h r s The product was observed by glc on a 101 x 1/4", 20% SE-30 

(on anakrom) column, a t  a temperature of 210°C and flow rate  of 108 cc/ 

min. The product had a retention time of 22.9 min. The resulting mix­

ture was centrifuged a t  15,000 x g, decanted and. the p e l le t  was rinsed 

with dioxan. The combined supernatants were vacuum f i l t e r e d ,  concentra^ 

ted by rotary evaporation, and d i s t i l l e d  from sodium bicarbonate (2.6 g, 

79% y i e l d ) .

bp13 186-7°C

Infrared-  3510, 30.62, 2970, 2900, 1513, 1470, 1390, 1365, 1276, 1218, 

1200, 1138, 1080, 986, 915, 881 , 828, 747, 708- cm"1.

NMR— 1.16 (doublet,  0 = 6 Hz, 3H), 1 .3-2.2 (envelope, 6H), 3 .1 -4 .1 (en­

velope, 5H), 4.57 ( s ing le t ,  3H), 7.25 (s ing le t ,  5H) ppm.

Elemental Analysis- for  C1 5 H3 2 O3

Calculated: C, 71.97; H, 8.86

C, 71.83; H, 8.96Found:
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Preparation of 2-benzyloxy-l-propanol 12

I -[(tetrahydropyran-2-yT)oxy]-2-benzyloxypropane (I g, 0.004 mol) 

was ^dded to methanol (10 ml) containing Dowex 50W-X8 resin (1.5 g ) .

The heterogeneous mixture was shaken a t  room temperature for about I 

h r T h e  product was monitored on a 10' x 1/8", 15% SE-30 (on chrom- 

sorb G) column, a t  a temperature of 200°C, and a flow rate  of I T cc/min. 

The reaction mixture was f i l t e r e d ,  concentrated by rotary evaporation 

and d i s t i l l e d .  By gl.c, a 98.6% .conversion was achieved.

bpyj I 34-6pC Litera ture26 bpQ 8 88-9°C

I n f r a r e d - .3460,. 3060, 3000, 2960, 2898, 1512, 1469, 1378, 1355, 122.0,.

1160, 1100,, 1075, 1000, 920, 868, 805, 745, 705 cm"1.

NMR- 1.09 (doublet,  J f 6 Hz, 3H), 2.2 (mult iple t ,  TH), 3.42 (multipiet, 

3H), 4.48 ( s ing le t ,  2H), 7.2,3 ( s ing le t ,  5H) ppm.

MS— molecular ion a t  166 m/e.

Elemental Analysis- for  C-|qĤ 4Q2

Calculated: C, 72.26; H, 8.49 '

Found: C, 72.34; H, 8.43

Glc systems for analysi s of l-benzyloxy-2-prdpanol , (2) , and 2-benzyl- 

oxy-l-propanol, (12) . . .  ,. -

For separation of .I -benzyloxy-2-propanol, and ‘2-benzyloxy-T-propan-. 

ol., the following column and conditions were used; a 10' x 1/8", 15%
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carbowax 2OM (on acid washed chromsorb G, 60/80 mesh) column, a t  a tem­

perature of 213°C, in jector  temperature of 273°C, detector temperature 

of 302°C, and a flow rate  of 25 cc/min. The observed retention time 

for 2. was 1993 seconds, and the retention time for 12 was 2467 seconds. 

Minigrator se t t ings were as follows:

. PW = 50, SS = 100., BI = 5, TP = 20, and Tl = 500.

A 4 . 5 1 x 1/8", 15% SE-30 (on acid washed chromsorb W, 80/100 mesh) 

column was used with the following conditions: inject ion was made a t  a

column temperature of 85°C, a f te r  200 seconds, elapsed., the temperature

was programmed a t  l°C/min up to 140°C. The in jector  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 ±2 was 3023 seconds. Confirmation of the ident i ty  of 

peaks having retention times similar  to those of 2 and 1_2, was obtained 

by co-injection of standards. Only peaks that  exactly co^injected with 

standards were determined posit ive.

Preparation of oc ta -ace ty l -ce l lobiose 18

Cellobiose (50 g, 0.15 mol) was added during the course of 0.5 hr 

to a solution of acetic  anhydride (200 ml) and perchloric acid (1.2 ml). 

The temperature of the reaction mixture should not r i se  above 40°C or. . 

fa l l  below SO0C.16 After the temperature s tab i l ized ,  chloroform. (150 

ml) was added and the mixture was poured into 400 ml of ice and water.
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and the mixture was separated. The organic layer was washed twice with 

ice water, and the washings were extracted twice with chloroform. The 

combined organic layers were washed with a saturated sodium bicarbonate 

solution. The solution was dried over a mixture of calcium chloride, 

calcium carbonate, sodium bicarbonate, and activated charcoal. The mix­

ture was f i l t e r e d  and taken up to 800 ml-'with chloroform. Diethyl e th­

er (1000 ml) was added and -the mixture was kept a t  5°C overnight, and 

f i l t e r e d .  . The c rysta ls  were taken up with chloroform (500 ml), and 

diethyl ether (300 ml) was added. The mixture was kept a t  5°C over­

night, and f i l t e r e d  (57 g, 58% yie ld ) .

27mp ZOO-IO0C Literature a-mp 229.5
B-mp 202

NMR- 1.94-2.3 (mult iple t ,  24H), 3.5-4.76 (envelope, 8H),  4.76-5.8(enve- 

Iope, 5H), 6.27 and. 6.56 (doublets, TH) ppm.

Preparation of 2 ,3 ,6 ,2 ' ,3 ' ,4 ' ,6 ' -h ep ta -0 -a c e ty l -c e l lo b io sy l  bromide 19

Amorphus phosphorous (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 s t i r r ed  by a mechanical s t i r r e r ,  bromine (29 g). was

added, then water (5.5 g) was slowly added. The vessel was stoppered,

and s t i r r e d  a t  room temperature for 2 hrs. Chloroform (50 ml)was added
16

and the mixture was poured into ice water (125 ml), and separated. .
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The product was observed by th in- layer  chromatography on s i l i c a - g e l ,  in 

solvent system ( j ) , FL = 0.21. The chloroform layer was f i ltered,washed 

twice with water, and the water washings were also extracted twice 

with chloroform. The combined chloroform extracts were washed with a 

solution of saturated sodium bicarbonate, and dried, over a mixture of 

anhydrous sodium sulfa te  and calcium carbonate. The mixture was f i l ­

tered and concentrated to 75 ml. Diethyl ether (150 ml) was added,and 

the mixture was kept a t  5°C overnight. The c rys ta l l ine  mass collected by 

f i l t r a t i o n  , c rys ta l l ized  from a solution of.chloroform (75 ml) and 

diethyl ether  (75 ml) (15.3 g , 50% yie ld ) .

mp 182-3°C L itera ture28 . mp 176°C28b
mp 1820C28d

NMR-1.9-2.26 (mult ipie t ,  21H), 3.5-5.8 (envelope, 13H), 6.55 (doublet,

. J = 3.8 Hz, TH)ppm.

Preparation of phenyl 2 ,3 ,6 ,2 ' , 3 ' , 4 ' , 6 ' - h e p ta -0 -a c e ty l - l - th io -g -c e l lo -  

bioside 2017 • '

■ The 2 ,3 ,6 ,2 ' ,3 ' ,4 ' ,6 ' -h ep ta -0 -a c e ty l -c e l lo b io sy l  bromide was pre- . 

pared from.TSi (25 g , 0.036 mol) according to the previous method. After 

the chloroform solution was dried with a mixture of anhydrous, sodium 

su l fa te ,  and calcium carbonate, i t  was d irec t ly  used in the following 

steps. Tetrahydrofuran (50ml), and a solution o f  sodium hydride (1 .92 g,
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0.04 mol), and 10% excess thiophenol (4.41 g, 0.04 mol) were added 

slowly to the chloroform solution. The mixture was warmed.to 45°C for 

30 min to provide nearly a complete condensation. The mixture was f i l ­

tered and washed three times with an aqueous solution of saturated sodi-
.i

urn bicarbonate. The chloroform layer, was washed with water, and dried 

over anhydrous calcium chloride. The chloroform was removed by rotary 

evaporation to obtain a crude c rys ta l l ine  mass (33.5 g). This material 

could be purified by the method, of Purves. ^^ The product .can be ob­

served by th in-layer  chromatography on s i l i c a -g e l ,  in solvent system(j), 

Rp = 0.23. This product was used d irec t ly  in the next step.

L i t e r a tu r e ^  mp 295°d 
20

[a]p = -28.5° in chloroform .

' 17Preparation of phenyl I - th io -g -ce l lobloside 21

The product from the previous reaction was dissolved in 5 times i ts  

weight of ammonical methanol. The ammonia-methanol solution was ob­

tained by saturat ing methyl alcohol with dry ammonia gas, a t  room tem-
17 •perature. This solution was allowed to s t i r  overnight at.room temper­

a ture ,  the solvent was then removed by rotary evaporation, and the 

residue was extracted with warm dry ether (to remove the acetamide). The 

product was observed by th in- layer  chromatography on s i l i c a - g e l ,  in 

solvent system (k ) , Rp = 0.3 (13.9 g, 89% yield) .  This product was
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used d i rec t ly  in the next reaction.

l i t e r a t u r e ^  mp 230°C
I 7

[alp = -59.2° in water (c, 1.5)

Preparation of phenyl 2 ,3 ,6 ,2 I , 3 ' , 4 ' ,S '-hepta-O-benzyl- l- thio-g-cello- 

bioside 2215

Phenyl 1-thio-B-cellobioside (13.1 g, 0.03 mol) {from the previous 

preparation} was dissolved in dry dioxan (50 ml) in a 250 ml, 3-necked 

f lask ,  equipped with a reflux condenser, mechanical s t i r r e r ,  and a 

dropping funnel. Sodium hydride (7.3 g, 0.31 mol) was added to the so­

lution, and the mixture was s t i r r e d  for  15 min. Benzyl chloride (38.7 g, 

0.306 mol) was added dropwise while the mixture was refluxing. Reflux 

was continued for  3 hrs,  then the cooled mixture was poured onto ice 

(200 ml), and ethanol (130 ml) was added. Upon s t i r r i n g ,  a solid sep­

arated, and water (100 ml) was added. The product was observed by thin- 

layer chromatography on s i l i c a - g e l ,  in solvent system ( I ) ,  Rp = 0.75. 

Recrystall ization from ethanol gave the product (7.5 g, 23% yie ld) .  

Overall y ield  from 6cta-0-acety l-ce l lobiose was 20%.

mp I 52°C

Infrared-  3440, 3050, 2880, 1463, 1362, 1220, 1072, 915, 740, 698 cm"1 . 

NMR- 3.2-4.2 (envelope, 13H), 4 .3 -5 . I (envelope, 14.8H), 5.27 (0.33H),

;.V.
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7.3 (mult iple t ,  40H) ppm. {67% 3-anomer}

NMR—  7.53 (375), 7.553 (410), 7.517 (502), 7.474 (532), 7.269 (8462), 

7.24 (10158), 7.221 (5735), 7.207 (7423), 7.112 (690), 5.169 

(305), 5.044 (-480), 4.828 (957), 4.801 (865), 4,73 (.1851), 4.654 

(488), 4.548 (866), 4.504 (983), 4.474(1042), 4,365 (.1.720), 3.613 

(831), 3.523 (856), 3.398 (629)ppm{64% B-anomer}.

Elemental Analysis- for CgyHggO^S

Calculated: C, 75.54; H, 6.43; S, 3.01

Found: C, 75.49; H, 6.57; S, 3.12

By NMR spectroscopy, the percentage o f  the B-anomer was 65.5%.

* *
This NMR spectrum was obtained on a 90 MHz Jeol instrument.

Preparation of the (2-benzyloxypropane-1-0) 2 ,3 ,6 ,2 ' , 3 ' , 4 ' , 6 ' - h e p t a - 0 -  

benzyl-cellobiosides 23

Prior to reaction, the alcohol was purif ied by chromatography on 

a 17 x 2.3 cm column, packed with s i l i c a - g e l ,  and eluted with solvent 

system (a) ,  Rp = 0.18.

Mercuric su lfa te  (0.6 g, 0.002 mol) was added to a solution of 2-

benzyloxy-1-propanol (0.269 g, 0.00162 mol) ,  and 22 (I g, 0.0009 mol)in

dry tetrahydrofuran (19 m l) .15 The mixture was refluxed overnight, and

by th in- layer  chromatography on s i l i c a - g e l , in solvent system (a) ,

there were three products: hepta-0-benzyl-ce l lob igse , Rp = 0.19;
(2-benzyloxypropane-O-O) 2 ,3 ,6 ,2 1, 3 ' , 4 ' ,G'-hepta-O-benzyl-a-cellobio-

241
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side, Rp = 0.52; and the B-anomer, Rp = 0.62. The material with Rp = 

0.19, was separated from the other two products by chromatography on a 

17 x 2.3 cm column, packed with s i l i c a - g e l , and eluted with solvent 

system (a). The material from the two more-mobile spots were collected, 

and formed a sol id upon concentration (0.62. g, 59% y i e l d ) .

NMR- 1.2 (doublet),  3.2^4.I (envelope), 4 .2 -5 . I (envelope), 5.24 (reso­

nance typical of an a-anomer), 7.26 (multiplet) ppm.

Elemental Analysis- for Cy-jHygO^

Calculated: C, 76.05; H, 6.83

Found: C, 76.37; H, 7.06

The mixture of material from, above, was separated.on a 17 x 2.3 cm, 

s i l ica-ge l  column, with solvent system (m), to give the. B-anomer (0.368; 

g, 35% y i e l d ) .

NMR- 1.21 (mult iple t ,  3H), 2.9-5.1 (envelope, 33H), 7.26 (multiplet)ppm.

The a-anomer was also obtained (0.249 g, 24% yie ld ) .

NMR- 1.21 (doublet),  3 .2 -4 . I (envelope, 17H), 4.2-5.3 (envelope, 16H), 

7.26 (multiplet) ppm.

NOTE: By NMR, the free cell obiose product appeared; to be totally , alpha.

Since the yield  of th is  by-product was approximately 41%, and the yield

of the alpha anomer was 24%,.the to ta l  yield  of alpha products was 65%. 
This is in te res t ing ,  since the percentage of the s ta r t ing  mater ial.



2 4 3

phenyl 2 , 3 , 6 , 2 ' , 3 ' , 4 ' , 6 1-hepta-O-benzyl-g-l- thio-cellobioside, by NMR, 

was 65.5%.

Preparation of the (2-propanol-1-0) cel Iobi os ides 24

Debenzylation of both anomers was accomplished by dissolving the 

product in ethanol, in a micro-hydrogenation flask (Section 4),  and 

adding an equal weight of 10% Pd/C. The mixture was hydrogenolyzed over­

n i g h t  with hydrogen, a t  7 1/2 psi .  After the hydrogenolysis was com­

ple te ,  with comparison by thin-Tayer. chromatography.on s i l i c a - g e l ,  in 

solvent system (h) , the a-anomer had ah Rq value of 1.03, and the 3-ano- 

mer had an Rq value of I .T l .  However,the toxin has an Rq value of 0.72 

in solvent system (h). NMR spectra were obtained confirming the prod­

ucts , but the sample size was small and resolution was not good enough 

for integration.

Attempted preparation of (l-benzyloxypropane-2-0) 2,3,6.,2‘ , 3 ' , 4 ' , 6 ' -  

hepta-O-benzyl-cellobiosides with mercuric acetate .26

A chromatography column was used to purify the alcohol, similar to 

that  used in the preparation of 23. Mercuric acetate (0.246 g, 0.000769 

mol, 2 e q . ) was added to a solution of I -benzyloxy-2-propanol (0.141 g, 

0.000846 mol, 1.1 eq.) and phenyl 2 ,3 ,6 ,2 '  , 3 ' ,6 '-hepta-0-benzyl- l-  

th io -c e l lobioside (0.85 g, 0.00077 mol), in dry tetrahydrofuran (15 ml). 

The reaction went to completion when i t  was heated a t  50°C for 1.5 days.
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The reaction product was observed by th in- layer  chromatography on s i l i ­

ca-gel ,  in solvent system (a) ,  and a single product was observed. The 

reaction mixture was f i l t e r e d ,  concentrated by rotary evaporation, pla­

ced on a 17 x 2.3 cm, s i l ica -ge l  column, and eluted with solvent system 

(a) . Upon concentration, the product c rys ta l l ized .  Fractional crystal­

l iza t ion  was then carried out. The c rys ta l l ine  mass was dissolved in 

boiling ethanol, a f t e r  the ethanol cooled some, 36% of the material 

oiled out (Fraction #1). The remaining solution was l e f t  a t  room tem­

perature, and 23% of the material c rys ta l l ized  (Fraction #2). The mother 

liquor was kept a t  5°C, and 5% crys ta l l ized  (Fraction #3), (0.25 g, 64% 

yield overa l l ) .  The following table  l i s t s  these fractions with NMR data 

tha t  estimates the percentage of the two observed acetyl proton signals 

(2.01 and 2.13 ppm).

Percentage Peak Height Anomeric Proton

2.01 PPM 2.13 ppm 6.33 ppm 
J = 3 .Hz

5*6 ppm 
J = 7 Hz

a-an orrier B-anomer

original mixture 85 100 strong Strong

Fraction #1 71 100 strong weak

Fraction #2 48 100 strong -

Fraction
**

#3 100 ' 93 + +

The spectrum for th is  sample had poor resolution.
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Therefore, the alpha anomer could be, in principle., f rac t iona l ly  crys­

tal lized from the mixture of the two acetyls .  The following data were 

obtained from Fraction #2:

mp IOO-IO0C

NMR-.{for the a-anomer} 2.13 (s ing le t ,  3H), 3 .1^4.1 (envelope, 12H),

4 .2 -  5.3 (envelope, I SM), 6.33 (doublet,  J = 3 .Hz, TH), 7.27 (mul- 

t i p l e t ,  35H) ppm.

NMR-{for. the g-anomer} 2.01 (s ing le t ,  3H), 3 .1 -4 .1 (envelope, 12H),

4 .2 -  5.3 (envelope, 15H), 5.6 (doublet, TH) , 7.27 (mult iple t ,  35H) 

ppm,.

Elemental Analysis- for  Cg3 HggO12

Calculated: C, 74.54; H, 6.55

Found: C, 74.30; H, 6.72

Therefore, the only products obtained were the acetyl 2 ,3 ,6 ,2 '  ,3' ,4',6'- 

hepta-O-benzyl-cellobiosides, (26).

After overnight hydrogenolysis with 10% Pd/C in ethanol a t a  hydro­

gen pressure of 7.5 p s i , the acetyl derivative was observed by thin-lay­

er chromatography on s i l i c a - g e l ,  in solvent system (h), Rp = 0.4, Rq = 

1.29. ■
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Attempted preparation of ( I -benzyloxypropane-2-0) 2 , 3 , 6 , 2 ' , 3 ' , 4 ' , 6 ' -  

hepta-O-benzyl-cellobiosides with phenyl mercuric acetate

Phenyl mercuric acetate  (0.312 g, 0.001 mol) was added to a solu­

tion of I -benzyloxy-2-propanol (0.164 g , 0.000987 mol), and phenyl 2,3, 

6 ,2 ' ,3 ' ,4 ' ,6 ' -h ep ta -0 -b en zy l- l - th io -ce l lo b io s id e  (0.96 g, 0.0009 mol), 

in dry tetrahydrofuran (10 ml). The reaction mixture was refluxed, and 

i t  was periodically  monitored by th in- layer  chromatography on si I i ca­

ge! , in solvent system (a). After a two-week period of ref lux,  without 

formation of a product, the refluxing was terminated. Mercuric acetate 

was added, and upon an overnight ref lux,  a single product was observed, 

which corresponded to the ace ta te ,  previously obtained.

Preparation of (l-benzyloxypropane-2-0) 2 ,3 ,6 ,2 ' , 3 ' , 4 ' , 6 ' - h e p t a - 0 -  

benzyl-cellobioside with mercuric su lfa te  25

Mercuric su lfa te  (0.6 g, 0.001 mol) was added to a solution of 1- 

benzyloxy-2-prppanol (0.54 g, 0.0032 mol), and phenyl 2 , 3 , 6 , 2 ' , 3 ' , 4 ' , 6 ' -  

hepta-0-benzyl- I - th io-cel lobioside  (I g, 0.0009 mol), in dry tetrahydro-
: * I

furan (20 ml). The mixture was s t i r r e d  overnight at  room temperature, 

and p a r t i a l ly  went to completion, by observation with th in- layer  chrom­

atography on s i l i c a - g e l ,  in solvent system (a) , the g-anomer has an Rfr 

= 0.54, and the a-anomer has an Rf- ~ 0.47. The reaction mixture was 

refluxed for  seven days ( th is  time was a rb i t ra ry ) ,  and the reaction was 

complete. The reaction mixture was f i l t e r e d  and concentrated by rotary



evaporation. AU material was separated on a 17 x 2.3 cm s i l ica-ge l  

column, with variations of solvent system (a): (80:8, 200 ml); (80:10,

100 ml); and (80:15).

NMR- (of the S-anomer} 1.28 (doublet, 3H.), 3.1-5.3 (envelope, 33H),

7.28 (mult iple t ,  40H) ppm..

NMR- {of the a-anomer} 1.07-1.33 (two doublets, 3H), 3.1-5.2 (envelope, 

32H), 5.28 (doublet, J =  4 Hz, TH), 7.28 (mult iple t ,  40H) ppm.

Both the a- and g-anomers were hydrogenolyzed overnight with equal 

. weights of 10% Pd/C, in ethanol a t  a pressure o f .7/5 psi .  They were 

observed by th in- layer  chromatography on s i l i c a - g e l ,  in solvent system 

(h), the B-anomer had an Rf- = 0.291, Rq = 0.96; the a-anomer had an 

Rf = 0.317, Rq = 1.05.

Mild acid hydrolysis of (2-propanol-1-0) a -c e l lobioside,with comparison 

th in- layer  chromatography to the toxin Figure 29

(2-propanol-1-0) a -c e l lobioside was added to a round-bottom glass 

tube, and taken up to 0.1 ml with water,. Trif luoroacet ic acid (0.02ml) 

was added, the. solution was cooled in an ice bath, and the open end of 

the tube was then sealed with a torch. The sealed tube was heated a t  

SO0C for I .5 hrs, cooled, opened, and rotary evaporated to remove the 

t r i fuoroace t ic  acid. The reaction mixture was comparatively chromato­

graphed bythin-layer chromatography bn s i l ica-ge l ' ,  in solvent system (h)

247
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to give the' foi l  owing Rp and Rg values :

Compound RF RG

glucose 0.308 ■ 1.0

c e l lpbiose 0.168 0.55

toxin 0.205 0.666

(2-propanol-l-0) a -ce l lo -  
bioside

0.332 1.08

(l-propanol-2-0) a-gluco- 
side

0.476 1.55

(2-propanol-1-0) a-gluco- 0.488 1.58
side

Mild hydrolysis of starch to obtain g(1~>-4) gluco-oligomers, and the i r  

th in- layer  chromatography Figure 35

Cellulose (3 spatula t i ps- fu l l )  was placed in a round bottom tube, 

and water (0.2 ml) was added. TrifTuoroacetic acid (0.07 ml) was added, 

the solution was cooled in an ice bath, and the open end of the tube 

was sealed with a torch. The sealed tube was heated a t  SO0C for 3 hrs, 

cooled, opened, and rotary evaporated to remove the t r i f lu o rac e t ic  acid. 

The reaction mixture was separated by paper chromatography on Whatman 

#1 in solvent system (n). ATI glucose was removed, and half  of the cel- 

lobiose 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 B io -g e l  P-2 chromatography column, as shown in Figure 35. Frac­

t i o n s  tha t  corresponded to the various oligomers were collected and 

pooled. These pooled fractions were then submitted to th in - laye r1 

chromatography on s i l i c a - g e l , in solvent system (h ) , giving the Rp val­

ues l i s ted  in Appendix A.

Cultures of R. seoalis

The R. seoalis  used throughout th is  study was isolated from natu­

rally infected barley in Montana and was designated the CA 75 iso la te .

The iso la te  was grown and harvested according to the method of Auriol 

e t  a l J

Bioassay te s ts

Barley cul t ivar  var. Hannchen C. I . 531, was used for all  bioassay 

t e s t s .  When the seedlings were 8-9 days old (second lea f  s tage) ,  the 

plants were cut with a sharp razor blade 1-2 cm above the ground, and 

each cutting was placed in a miniature conical tube, containing'0.2-0.6 

ml of the solution to be tested.  Water blanks were simultaneously run 

with a l l  bioassay t e s t s .  Results of all  t e s t s  were obtained a f te r  a. 3 

day incubation period, a t  room temperature. Bioassays were conducted in 

the plant growth chamber, being environmentally controlled a t  15-24° 

diurnal cycle with 26,900 lx of combined incandescent, and cool fluores­

cent l igh t  u t i l iz in g  a 12 hr photoperiodJ
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Phenol-sulfuric acid analysis of carbohydrates

The phenol-sulfuric acid analysis was conducted by placing an a l i ­

quot of a carbohydrate solution in the bottom of a 20 ml t e s t  tube. A 

5% phenol-water 'solution (I ml) was then added to the tube, with subse-
41

quent addition of concentrated su lfur ic  acid (5 ml). After a ten min 

cooling period, the tube was placed in a spectrophotometer to obtain i t s  

absorbance a t  490 nm. According to the resu l ts  obtained from the stan­

dard curve (Section I ) ,  18 yg of glucose has an absorbance of 0.299.

Acetone precipita t ion

To a concentrated extract  (50 ml), 3 volumes of acetone (150 ml) a t  

-15°C were added. The p rec ip i ta te  was removed by centrifugation for 10 

min a t  20,000 x g. The acetone was removed from the supernatant by ro­

tary evaporation.

Dowex 50W-X8, (H+) column

A Dowex 50W-X8, (H+) , 17 x 2.3 cm column was prepared by f i r s t  rin­

sing the resin with water and pouring off  the fine material.  The rinsed 

resin was poured into the column, and washed with 6N hydrochloric acid 

(300 ml). The acid was removed by washing the column with d i s t i l l e d  

water (600 ml). The material from the acetone prec ipita t ion step was 

applied to th is  column. The column was eluted with d i s t i l l e d  water 

(150 ml).
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Dowex 1-X8, (0H~) column .

A Dowex I-XS5 (OH- ),  17 x 2.3 cm column was prepared by f i r s t  rins­

ing the resin with water and pouring off  the fine material.  The rinsed 

resin was poured into the column, and washed with 3N sodium hydroxide 

(300 ml). The base was removed by washing the column with d i s t i l l e d  

water (600 ml). The material from the Dowex 50W-X8, (H+) column was 

applied d irec t ly  to th is  column. The column was eluted with d i s t i l l e d  

water (150 ml).

Bio-gel P-2 (200-400 mesh) column, 50 x 1.5 cm

The solution from the proceeding step was reduced in volume by ro­

tary evaporation to 2 ml. This solution was placed on a 50 x 1.5 cm, • 

Bio-gel P-2 (200-400 mesh) column, and eluted with d i s t i l l e d  water. 

Fractions containing 2 ml each were collected,  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 proceeding step was applied to 6-8 Whatman 

.#1 papers, and run in descending fashion using solvent system (n ) . The 

areas on the paper chromatogram of in te res t  are outlined in Figure 34. 

The glucoside, in th is  system, has an Rq value of 1.6.
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Decolonization with act ivated charcoal

The areas of in te res t  were eluted with d i s t i l l e d  water, and the 

volume was reduced by rotary evaporation. The syrup was taken up with 

70% ethanol , and act ivated charcoal was added. The mixture was heated ■ 

until  j u s t  boi ling,  and then f i l t e r e d  through Whatman #2 f i l t e r  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 ml) were placed on a 95 x 1.5 cm, Bio-gel P-2(200-400 

mesh) column, and eluted with d i s t i l l e d  water at  room temperature. Each 

fraction was comprised of 24 drops or 0.99 ml, and were collected a t  a 

rate of I drop/13 seconds. The void volume was 49.25 ml.

Bio-gel P-2 #1 column separation of (2-propanol- I -0) g-cellobioside, 

(synthetic) Figure 39

The run was carried out in identical  fashion as tha t  described for 

the operation of the Bio-gel P-2 #1 column. The fraction volume for 

th is  run was 1.0 ml/tube. About 0.3 mg of the ce l lobioside was placed 

on the column, and 0.37 mg of glucose was added for a marker. The f rac­

tions were monitored for  carbohydrate by using phenol su lfur ic  acid . 

analyses. The g-anomer was run in identical manner as the above, 

having an elution volume of 89 ml.
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Bio-gel P-2 #1 column, separation of the combined "toxin" and origin 

sections Figure 40 . .

The combined "toxin" (53 mg of carbohydrate) and origin sections 

(from paper chromatography), were placed on the Bio-gel P-2 #1 column, 

and eluted with water, a t  room temperature. The column flow rate  was 

I drop/9 seconds, and 24 drops or 1.0 ml, were collected per tube. The 

fractions were combined, ten to a sample, and freeze-dried. Each sample 

was diluted to 0.6 ml, and 0.2 ml was placed in each of two tubes for 

bioassaying. Figure 40 shows the resu l ts  of this  experiment.

Bio-gel #1 column separation of the cellobioside section Figure 41

The cellobioside section (from paper chromatography), a f te r  combin­

ing the eluents of many papers, was placed on the Bio-gel P-2 #1 column, 

and eluted with d i s t i l l e d  water, a t  room temperature. ■_ A flow rate of 

I drop/9 seconds was used, and 24 drops or 1.01 ml per tube were collec­

ted, Twenty micro- l i te rs  from each tube was analysed with phenol-sul­

furic acid ,20 for to ta l  carbohydrate. The elution prof i le  is presented 

in Figure 41.

Bio-gel P-2 #1 column separation of sample ce l l .  #1 Figure 42

The fractions with-in the peak designated as c e l l .  #T (Figure 41), 

were pooled and placed on the Bio-gel P-2 #1 column. The column run was 

completed as previously described for the ce l lobidside section.
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Bio-gel P-2 #1 column separation of sample c e l l . #2 Figure 43

The fractionswithin the peak designated as ce l l .  #2 (Figure 41), 

were pooled and placed on the Bio-gel P-2 #1 column. The column run 

was completed as previously described for the ce l lobioside section.

Bio-gel P-2 (-400 mesh) column, 295.5 x 0.8 cm (Bio-gel P-2 #2 column) 

separation of the sample ce l l .  #3 Figure 44

The fractions within the peak designated as c e l l .  #3 (Figure 41), 

were pooled and placed on a 295.5 x 0.8 cm, Bio-gel P-2 (-400 mesh) col­

umn, and eluted with 0.22 micron f i l t e r e d  d i s t i l l e d  water, a t  a temper­

ature of 64°C. The flow rate  was I drop/12seconds, and the fraction 

volume was 13 drops or 0.56 ml per tube. The column eluent was monitor­

ed a t  192 nm, by passage through a 40 pi flow ce l l .  A 30 pi sample, - 

from each tube, was analyzed for tota l  carbohydrate by phenol-sulfuric

Bio-gel P-2 #2 column separation of the glucoside section Figure 45

The glucoside section (combined from paper chromatography of a t  , 

l eas t  10 l i t e r s  of i n i t i a l  fungal media) was placed on the Bio-gel P-2 

#2 column, and eluted in l ike manner as described for sample cell #3. 

Labeled ^C-glucose was added for a marker during the column run. On 

th is  same column, ally! a-D-galactoside was e lu ted .a t  a volume of 103 ml 

(Section I ) .
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Benzylation of a typical carbohydrate sample isolated from i?’ secalis 
extracts

Sodium hydride (0.084 g , 0.0035 mol) was added to a solution of the 

carbohydrate sample (4.17 mg) and dioxan (10 ml). To th is  vigorously 

s t i r r ed  solution,  benzyl chloride (0.15 g, 0.0012 mol) was added.7 

The sample was refluxed overnight, and when cooled, the mixture was f i l ­

tered by suction through Whatman #1 f i l t e r  paper. The solution was then

f i l t e r e d  through Whatman #2 f i l t e r  paper, and rotary evaporated a t  95°C.
\

Hydrolysis of the derivatized carbohydrates

The syrup from the previous reaction was transfered,  with the aid 

of chloroform, to a 2-necked flask containing glacial acetic  acid(56ml) 

a t  a temperature of 90°C. Boiling 2N su l fur ic  acid (3 ml), and concen­

tra ted  sulfur ic  acid (0.84 ml) was added, and solution was s t i r r ed  for 

24 hrs a t  90±2°C.^  After cooling, water (50 ml) was -added, and the 

mixture was extracted 3 times with dichloromethane (30 ml). The dich- 

loromethanewas removed by rotary evaporation, and the residue was neu­

tralized with a solution of saturated sodium bicarbonate. This mixture 

was extracted 3 times with dichloromethane (20 ml). The combined organ­

ic layers were dried over anhydrous sodium su l fa te ,  f i l t e r e d ,  and rotary 

evaporated a t  95°C. This sample was now submitted for glc analysis.



256

Glc analysis of the derivatized R .seea lis  samples „

Glc analyses of the derivatized samples (obtained from the previ- • 

ous r eac t io n ) , were accomplished according to the methods previously des-
V

cribed. The resul ts  obtained from the carbowax column were inconclu­

sive, since impurities in the system had similar retention times as the 

two isomers. The resu l ts  obtained from the SE-30 column are tabulated 

in Table 8 and 9. Only peaks that  exactly co-injected with standards 

were determined to be posit ive.



APPENDIX A
Rp Values and Data Reduction for Some Oligomers 

From the Hydrolysate' of Cellulose

The Rp values' were determined on s i l ica -ge l  by th in- layer  chroma 

tography in solvent system (ethyl acetate-water-methanol, 84:18:35).

Compound Subunits RF V - r F -log(Rp/l'

glucose I 0.212 0.-269 0.57

cel Iqbiose 2 0.116 0.131 0.883

c e l ld tr iose 3 0.045 0.0475 1.32

c e l lp te trose 4 0.023 . 0.0235 1.63

ce l lopentose 5 0.0098 .0.0099 2.004



Elution Volumes and Data Reduction for Some |3(1—>4) Oligoglucose 

Units Chromatographed on Bio-gel

APPENDIX B

Figure 35 presents the elut ion p ro f i le .

Elution volume = Ve Void volume = Vo = 49.25 ml

Subunits Ve (ml)

I 111.9
2 103.7
3. 94.1
4 87.6
5 83.16

The data reduction for the plot  in Figure 36 is l i s t e d  below.

Subunits Ve/Vo log(molecular weight)

I 2 . 2 7 2 2 . 2 5 6

2 2.106 2.534

3 1.911 2.703

4 . 1.779 2 . 8 2 4

5 1.689 2.918

: ' '



APPENDIX C
Data Reduction for  A Bio-gel P-2 Column Separation 

o f  a ( l —>4) Oligoglucose Units

Figure 37 shows the column separation, and the plot of the data is 

presented in Figure 38

Elution volume = Ve Void volume = Vo = 49.5 ml

Subunits. Ve (ml) Ve/Vo log (molecular, weight)-

I 111.5 2 . 2 5 3 2.256

2 105.25 2.126 • 2.534

3 9 9 . 2 5 2.005 2.703

;4 94.0 1.899 . 2.824

5 8 8 . 0 1.778 2 . 9 1 8

6 . 8 2 . 0 . 1.657 2 . 9 9 6

7 76.25 ■ 1.54 3 . 0 6 2

8 ■ 72.0 1.455 3.119

9 68.0 1.374 3 . 1 6 9

10 65.0 1.313 3.215

. 11 6 2 . 5 1.263 3.256
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SECTION 3

THE USE OF 13C-NMR FOR IDENTIFICATION AND ASSIGNMENT 

OF ANOMERTC CONFIGURATION FOR THE CARBOHYDRATE 

. RESIDUE IN GALACTO- AND GLUCO- 

PYRANOSIDES AND FURANOSIDES
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INTRODUCTION
Carbon-13 NMR spectroscopy, with many recent advances, has become

a useful tool for the carbohydrate chemist. There are t h r e e . texts on

^C-NMR ( C M R ) t hat  encompass carbohydrates. There are also some

recent r e v i e w s w h i c h  discuss the use of this  technique as a tool

for st ructural  analysis . An a r t i c l e  tha t  l i s t s  nearly a complete com-
7

piI a t i on of CMR data for carbohydrates is of tremendous help to the 

researcher.

The assignment of configuration to glycopyranosides has been an 

on-going problem in the f ie ld  of carbohydrate chemistry. PMR has been 

used extensively for assignment of anomeric configuration (a review by
O

Bundle and Lemieux discusses PMR), but i t  can not be re l ied  upon. I t
O

has also been suggested, that  l ike PMR, the assignment of anomeric 

configuration by CMR requires more input than ju s t  a single parameter, 

i . e . ,  the resonance of the anomeric carbon.

Some^’^  have investigated more rigorous methods for evaluating 

the anomeric configuration of glycopyranosides, by u t i l i z in g  coupling
-I q  *1

constants. The two-bond C-H coupling constant has an opposite sign 

for the alpha (+), than for the beta (-) anomer.9 This sign difference 

seems to be a most de f in i t ive  way of assigning configurations. However, 

there seem to be many problems associated with the technique, and im­

provements are needed to afford a general applicable method. Two and 

three bond 13C-1H coupling constants have now been obtained from natural
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abundance C NMR spectra.  The three-bond coupling constant is very 

d i f f i c u l t  to o b ta in ,o n ly  under the correct  set  of circumstances and 

with the proper derivatives,  can th is  method be useful .

Therefore, since we were confronted with natural products that 

contained glucose and galactose residues, i t  was of in te re s t  to search 

for a simple method'to determine anomeric configuration. But more than 

th a t ,  we were interested in determining which glycosides were present, 

those of glucose or galactose.



RESULTS AND DISCUSSION

The in te res t  in assigning the carbon atoms in the pyranose ring to 

CMR resonances developed as the resu l t  of two happenings. F i r s t ,  the 

fourth proposed s tructure  (Figure 40 in Section I) for helminthoSporo- 

side had ju s t  been developed. Second, we obtained a CMR spectrum.of 

helminthosporoside. Before one could look for an ether linkage in the. 

carbohydrate moiety, as. suggested by the fourth s t ruc ture ,  a technique 

had to be employed for  assigning the resonances to the appropriate 

carbons. A well-developed technique did hot appear to ex is t .  Therefore, 

we set  out to examine the p oss ib i l i ty  of arr iving at  an acceptible tech­

nique for assigning resonances in the CMR spectra to carbons of the 

pyranose ring system.

To approach the problem, the l i t e ra tu re  was searched for all comp­

ounds containing galactopyranosides, and glucopyranosides. ' All the CMR 

resonance values were compared for each carbon atom. A very st r iking 

rela tionship did ex is t ;  therefore,  th is  approach was pursued.

Appendix A l i s t s  all  values found for a- and p-galactopyranosides. 

Appendix B l i s t s  all  values found for a- and e-glucopyranosides. For 

each compound, a value was tabulated for every carbon atom of the pyran­

ose ring system (C-T thru C-6). The mean values and standard deviations 

are also included in Appendicies A and B.

The interval (max. and min. values) for the resonance values at  

each carbon atom for a- and e-galactopyranosides and a- and e-glucopy-
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ranosides are l i s ted  in Table I .

A plot of these intervals  is presented in Figure I. I t  is c lear , 

when observing Figure I ,  that  each glycopyranoside has a defin i te  set  

of in te rva ls ,  each set  being d i f fe ren t  from the other. Therefore, by 

using these in te rv a l s , one could, in p r incip le ,  not only predict the 

nature of the carbohydrate moiety, but determine whether i t  was the 

alpha or beta anomer.

Table I .  Resonance interval at  each carbon atom for  galaeto- and 

glucopyranosides, in ppm with external TMS, as reference.

Cl C2 C 3 04 CS C6

a-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

S-galaotopyranosides 103.0-105.5 71.05-72.9 72.6-74.0 „ 68.6-69.9 75.4-76.55 61.1-62.55

o-glucopyranosi des 93.0-101.1 72.5-74.3 73.7-74.8 70.3-71.4 72.1-73.9 61.3-62.5

6-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 useful I ness for th is  method, the 

CMR spectrum was obtained for a number of synthetic derivatives (which 

were discussed in Sections I and 2). Appendix C l i s t s  the CMR resonan­

ces for carbons of the pyranose system for synthetic a- and 3-D-galacto-. 

pyranosides. A plot of these resonance values is presented in Figure 2. 

I t  is very in teres t ing that  all  resonances for both the alpha and beta 

compounds fa l l  on the appropriate interval boxes. Note: the compounds.
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a l ly ! ,  ( 2 ,3 - propanediol -1-0), and (2-propanol-l-0) were not included 

in the se t  of resonances used for obtaining the in te rva ls ,  since the 

CMR spectra of these compounds are not in the l i t e ra tu re .

Appendix D l i s t s  the CMR resonances for carbons of the pyranose 

system for synthetic a- and B-D-glucopyranosides. A plot  of these res ­

onance values is presented in Figure 3. Again, all  resonances f a l l  on 

the appropriate interval boxes, except for that  of C-2 in ( I -propanol- 

2-0) a-D-glucopyranoside. I t  seems reasonable that  since two resonanc­

es are observed for  the three carbons of the aglycone, C-I, and C-2 of 

the pyranose ring, tha t  the hydroxyl group of the aglycone is probably 

hydrogen bonded to the C-2 hydroxyl of the pyranose ring system. Since 

there is an asymmetric center in the aglycone, two conformers would be 

expected to be observed.
13

To observe a comparison of the • C-NMR spectra for an a-D-galacto- 

pyranoside and an a-D-glucopyranoside, spectra of the methyl derivatives 

are shown in Figure 4. Even though the resonances of. the two compounds 

are some what s imilar ,  by observation, the differences are quite clear.  

As shown e a r l i e r ,  by standard deviations (shown in Appendici'es) and 

with the graphical treatments, these differences in resonance values 

are s ign i f ican t ly  d i f fe ren t .

At th is  juncture,  the resonances obtained from the f i r s t  CMR spect­

rum of helminthosporoside were compared with the pyranose interval dia­

gram (Figure 5) . '  The only possible match, was that  of a (3-D-glucopyran-



Figure 2. 
Com

parison of the CMR resonances for som
e synthetic 

■ 
galactopyranosides 

to the pyranose interval 
diagram

.

D-gaiactopyranosides

B-D-galactopyranosides

a-D-glucopyranosides

GT ............................ O l lr, Dc4 EF6LU
S-D-glucppyranosides  ̂̂  O  I

methyl d - D-galactopjrranoside
I

5 3 4 2
I Il I

6

I
allyl o-D-galactopvranoside

I
5 3 4 2
I Il I

6

I
(2,3-propanediol-l-O)- a-D-galactopyranoside

I .

(isofloridoside) 5 3,4 2
I I

6

I
(2-propano1-1-0) a-D-galactdpyranoside

I
5 34 2
I III

6

I
methyl B-D-galactopyranoside

I
5 3 2 4
I I I I

6

I.
r  I I I i i I

HO 1 0 8  1 0 4  IOO 9 6  9 2  8 8

I
8 4

ppm
8 0

I I l

7 6  7 2  6 8
I I

6 4  6 0

273



Figure 3. 
Com

parison of the CMR resonances for som
e synthetic 

glucopyranosides to the pyranose interval 
diagram

.

CUci C3
CSfj-IF 2 Ilc6

a-D-galac topyrano sides LL
Dc4

I I | U
" ^ 'iT T 3

D c4 CDc6

B-D-galactopyranosides I IC2

I U !Tl05 HF
a-D-glucopyranosides . c3DT 

Clp Q " ■

CDcl
B-D-glucopyranosides

F l cs' 
c3CDlij1"

Bc4

methyl a-D-glucopyranoside (Sigma)
I I

2
Il

4
I I

(I-propanol-2-0) a-D-glucopyranoside 2 .3
I I I .

5
I

(1-propanol-2-0) a-D-glucopyranoside
I ' I 1

I ■ I .

methyl B-D-glucopyranoside (Sigma)
I

35 2
I I

4
I

6
I

r~ i i i ' r i ~
HO 1 0 8  1 0 4  IOO 9 6  9 2

I I

8 6  8 4
ppm

I I

8 0  7 6 7 2
I

6 8
I I

6 4  6 0



<<-5
Cu-5.O
CO

C l
CD

0)3.
CL

3m(4-

P

O
tci
c
0
0
<<
30)3O(/>
S'

'T l

Cdc
3
4̂> .

CO01ZZPO
00"O
CDO<■+3CU
O —h
3
CD
r +
3 -

Jv

L

methyl a-D-galactopyranoside

IN?
Ul

'methyl a-D-glucopyranoside

DSS



276

oside, with a substi tu t ion at  C-2. The e ffec t  observed (6-8 ppm sh i f t

down f ie ld)  by substi tu t ion on the pyranose system, forming an ether
6 11has previously been noted. ’ However, th is  resu l t  seemed to be con­

trary to the accepted fac t  tha t  galactose was present. This observation 

is what led us into a program for re - iso la t ion  of helminthosporoside.

. After re - i so la t io n ,  a CMR spectrum again was obtained for helmin­

thosporoside. More resonances (with less intensity)  were then observed, 

along with most of the resonances observed in spectrum #1 (Section I) .  

Since mass spectroscopy revealed two carbohydrate residues,linkage anal­

y s i s  was obtained (Section I ) .  This ana lys is , undertaken by two inde­

pendent groups, showed the presence of a terminal galactofuranosyl res­

idue, and e i ther  a 4-1 inked galactopyranosyl or a 5-1 inked galactofuran­

osyl residue.

The question a t  th is  juncture was, are the CMR resonances for the 

D-galactofuranosides enough d i f fe ren t  from those of the D-galactopyran- 

osid es , so tha t  they may be used for s t ructure  ver i f ica t ion  and anomeric 

configuration assignment? After searching the l i t e r a t u r e ,  a ll  compounds 

containing.a- or 3 -D-galactofuranosides are l i s ted  in Appendix E, and 

all  compounds containing a- or B-D-glucofuranosides'are l i s t e d  in 

Appendix F. For each compound, a value was tabulated for every carbon of 

the furan ring system (C-l thru C-6). The mean values and standard 

deviations (where applicable) are also included in Appendicies E and F.

• The interval (max. and min. values) for the resonance values a t
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each carbon atom for  a- and 6-D-galactofurano.sides, and a- and B-D-glu- 

cofuranosides are l i s te d  in Table 2.

Table 2. Resonance interval a t  each carbon atom for galacto- and 

glucofuranosides, in ppm with external TMS as reference.

Cl 02 X3 C4 CS CS

a-D-galactofuranosides 

e-D-galactofuranosides 

a-D-glucofuranosides. 

B-D-gVucofuranosides

103.1-103.8 77.4-78.2 75.5-76.2 82.3-83.1 73.7-74.5 63.4-64.1

108.0-109.9 81.3-82.4 77.5-78.4 82.4-84.7 7T.6-72.0 60.9-63.9

104.1 77.7 .76.6 ■ 78.8 ■ 70.7 ' 64.2

110.0 ■ 80.6 75.8 82.3 70.7 64.7

A plot of these in tervals  is presented in Figure 6. I t  is c lear ,  

when observing Figure .6, tha t  each glycofuranoside has a def in i te  set  

of intervals  or resonances, each se t  being d ifferent  from the other.

This is the same s i tuat ion as observed for the glycopyranosides. There­

fore,  with the glycofuranosides as with the glycopyranosides * one could, 

in pr inc ip le ,  by using these in tervals  not only predict the nature of 

the carbohydrate moiety, but determine whether i t  was the alpha or beta 

anomer. Td show the correlat ion of CMR resonances for the pyran and 

furan ring system of the D-galactosides and D-glucosides, a diagram was 

constructed, as shown in Figure 7. When observing Figure 7, i t  is clear  

tha t  each of  the eight s t ructural  systems has a d if feren t  se t  of signals.  

T h e r e f o r e ,  in  p r i n c i p l e ,  th is  CMR method could verify the presence



Figure 6. 
A plot of the CMR resonances or resonance intervals for 

all 
carbon atom

s 
in the D

-galactofuranoside and D
-gluco-

F 1
a-D-galactofuranosides

G ]C4 czg I  g c s DJcs

C T l c l
6-D-galactofuranbsides

I C4 QjC3 0C5

L r
I CS

Cl
I

methyl a-D-glucofuranoside

C4 C2 CS CS .
I I I I

CS
I

Cl
I

methyl B-D- gluco£uranoside

I ' I  I  ' T  I I i  I

4 C2 CS CS
1 1  I I

I I I I

■ CS
I

■ ........I I
HO 1 0 8  1 0 4  IOO 9 6  9 2  8 8  8 4  8 0  7 6  7 2  6 8  6 4  6 0

ppm



the D
-galactosides 

and D
-glucosides.

Tl
UD
C
™s
(D

cu

OCU
-so™O3
CU
r+O
3
in

3
c+
3"
CD

TD

-sCU
3

CU
3
CL
—h 
C  
-S CU 
3

-s
3

UD

tZ)<<
in
<-+
CD3to

"O
Oc~h
O —h
ct-
3“
CD

S
-sQ
ino
3
CU
3O
CD(Z)
O-s
-s
CD
inO
3
CU
3O
CD

3
Ct-
CD
-s
<
CU
(Z)

o  o
- h  3

I I Ici
o-D-galactopyranosides

I  I I c »

8-D-galactopyranosides

a-D-glucopyranosides

C3 C2

'4 j .
C3 O  C4[ T H  c zn
m e

- n r

c2QH

Hlc'
6-D-glucopyranosides

c5ITl

c5H T
CHc2

B c4 E c6

a-D-galactofuranosides
c4Q c2B E DJ5 Qlc6

C3

D B ci
B-D-galactofuranosides

C4 i_  C2
LD

[B c3 Be5 JC6

Cl

methyl a-D-glucofuranoside

C4 C2 C3
I I I I

CS
I

Cl C 4 C2 C3 CS CS

methyl B-D-glucofuranoside I I I I I
I I  I I  I  I I  I  I  I  I  I I  I I  I  I  I  I I I  I  I  I  I  I  I  I  I  I  I  I  I I I  I  I  I  I I  I  I  I  I  I  I I I  I  I  I 

HO 1 0 6  1 0 4  IOO 9 6  9 2  6 8  6 4  6 0  7 6  7 2  6 8  6 4  6 0
p p m

280



281

of galactose or glucose, be able, to determine i t s  ring s t ru c tu re > and 

anomeric configuration.

Since the only carbohydrate found in helminthosporoside was galac­

tose, and since no D-glucoside s tructure  would f i t . t h e  resonances,. the 

resonances pertaining to carbohydrates in the CMR spectrum #2 were com­

pared only to the D-galactoside st ructures (Figure 8). Spectrum #2 

contains a l l  the resonances observed in the carbohydrate region. The 

next l ine ,  spectrum #2 minus the resonances from the aglycone, contain 

all  resonances from spectrum #2 minus the small resonances (which have 

in ten s i t ie s  similar  to the aglycone). By these comparisons, i t  seems

reasonable tha t  galactose exis ts  in helminthosporoside in only the furan
. ■

ring system. This in pa r t ,  correlates with the methyla t i on s tu d ies , 

that  determined a terminal galactofuranosyl residue as one of the two 

residues. One can also conclude from th is  comparison that  only the 

beta configuration is present.

To help make this, more c lear ,  since the combined resonances of a 

disaccharide can be complexj the ten ta t ive  assignments of the carbons in 

the two galactose residues are presented in Figure 9. The assignments 

for  the internal and terminal B-D-galactofuranosyl residues depend on 

the possible grouping of three resonances a t  two d i f fe ren t  possitions 

in the CMR spectrum. The resonance observed at  81.91 ppm* hasthe larg­

e s t  in tensi ty  of any resonance, and is broader than any single reson­

ance. Thereforei one can easi ly  Suggest the poss ib i l i ty  tha t  th is  res-
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onance is a combination of C-2 and €-4 of the internal residue, and C-2

of the terminal residue. Also, three resonances must be assigned for
' .

the two observed resonances a t  76.771 and 77.122 ppm. The in tensi ty  of 

the resonance a t  77.122 is the second larges t  in the en t i re  spectrum, 

and the combined peak a t  76.771 and 77.122 ppm is very broad, more than 

would be expected for  only two resonances. By comparison of observed 

resonances and by ten ta t ive  assignment, the resonances for thetwo galac­

t o s e  residues f i t  only for  tha t  of B-D-galactofuranosyl residues,  one 

being a terminal B-D-galactofuranosyl, and the other being a 5-1 inked 

3 -D-galactofuranosyl residue.

However, there is a problem with the overall in te rpre ta t ion ;  tha t  

i s ,  the signal in te n s i t ie s  for the aglycone are much less than that  for 

the carbohydrate signals .  There is l i t e r a tu r e  precedent for  th is  phe­

nomenon; for  example, variations in segmental motion have been associated 

with differences in sp in - la t t ic e  relaxation times (T^) o f  the nuclei .
I p-

In the "p ar t ia l ly  relaxed" FT spectrum of stachyose, the nuclei of 

the terminal galactose residue have longer T̂  values than do those of 

the internal galactose. By using the difference in T̂  values,an exper­

iment was conducted with a t  value of 0.34 secs, with the. r e su l t  that  

one se t  of galactose resonances ( terminal) was nulled. This was ascribed 

to the free ro tat ion and greater  mobility of the terminal galactose. In 

t h e .CMR spectra of l -octanol12b and Vdecanol12p, there was a gradual . 

increase in T1 moving from the hydroxylated end to the CH3 group end.
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This is indicat ive of slower movement of the hydroxylated end due to 

hydrogen bonding, whereas the.non-hydroxylated end would be free to move 

or "giggle". This same e ffec t  would be expected in helminthosporoside, 

with deuterium oxide as solvent,  hydrogen bonding to the hydroxyls of 

the carbohydrate moietys should cause these moietys to have res t r ic ted  

movement, leading to short (T1)S. The very non-polar aglycone would be 

expected to have a lo t  of movement,, leading to Tong (T1)S.



SUMMARY

The C-NMR method proposed here, for iden t i f ica t ion  of gluco- and 

galactopyranosides and furanosides, and for  assignment of anomeric con­

figurat ion ,  appears to be a simple but useful method. The most p rac t i ­

cal area of use for  th is  method would be that  of natural products s t ruc ­

t u r e  determination. This technique would also be useful for anomer 

ver i f ica t ion  in synthetic studies .

By comparing the CMR resonances of he!minthosporoside to the in te r ­

val diagrams, assignments can be made tha t  allow one to suggest the 

presence of a terminal s-D-galactofuranosyl residue, and an internal 

5-1 inked g-D-galactofuranosyl residue.

13



EXPERIMENTAL
Al I CMR spectra were obtained on an FX 100 FT NMR, by James S.

Frye a t  the CSU Regional NMR Center, Department of Chemistry, Colorado 

State University, Fort Collins,  CO 80523.

All data, were obtained with respect to DSS subs ti tu ted.  For 

comparison on the interval diagrams, a l l  values were converted to exter­

nal TMS.



APPENDIX A
CMR Data  f o r  a -  and 6 - D - g a l a c t o p y r a n o s i d e s

OH

H OR

a-D-galactopyranosides

Compound Ref. Cl C2 03 C4 CS 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 69.6a 70.6b 70.6 71.9 62.2

terminal galactose in 
stachyose 12 99.1 69.6a 70.7b 70.7 72.0 62.2

internal galactose in 
stachyose 12 99.4 69.8a 70.7b 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

aThese numbers have been interchanged with those designated (b), since 

th e i r  reported assignments were similar  to those of Perlin e t  a l . ^  

cThe downfield s h i f t  of th is  resonance is due to subs t i tu t ion .
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OH

H H

g-D-galactopyranosides

Compound Ref. Cl C2 C3 C4 CS C6

methyl 6-D-galactopy- 
ranoside 13 104.9 71.8 73.9 69.8 76.2 62.1

terminal galactose l i n ­
ked (l->4) to rhamnose 16 104.9 72.9 74.0 69.8 76.4 62.1

terminal galactose l i n ­
ked (1+3) to rhamnose 16 105.5 72.4 73.8 69.9 76.3 62.3

terminal galactose in 
lactose 17 104.0 72.2 73.9 69.8 76.3 62.1

terminal galactose in 
lactose 18 103.0 71.05 72.6 68.6 75.4 61.1

terminal galactose in 
methyl e-lactose 17 104.1 72.1 73.9 69.8 76.4 62.1

terminal galactose in 
methyl e-lactose 18 104.14 72.2 73.8 69.8 76.55 62.55

mean 104.4 72.1 73.7 69.6 76.2 62.1

s 0.8143 0.5689 0.4899 0.4614 0.3784 0.4518



APPENDIX B

CMR Data f o r  a -  and B - D - g l u c o p y r a n o s i d e s

H

H O R

a-D-glucopyranosides

Compound Ref. Cl C2 C3 C4 CS C6

methyl a-D-glucopyran- 
oside 13 100.3 72.5 74.2 70.6 72.7 61.7

methyl a-D-glucopyran- 
oside 2 100.1 72.5 74.2 70.7 72.3 61.7

methyl a-D-glucopyran- 
oside 19 100.5 73.1 74.8 71.4 72.8 62.3

terminal glucose in 
a-maltose 17 100.9 73.8 73.8 70.7 73.0 61.9

terminal glucose in 
a-maltose 19 101.0 74.3 74.6 71.0 73.4 62.5

terminal glucose in 
e-maltose 19 101.0 74.3 74.6 71.0 73.4 62.5

terminal glucose in 
methyl e-maltoside 17 100.8 74.1 74.1 70.6 72.9 61.9

terminal glucose in 
methyl e-maltoside 19 101.1 74.3 74.6 70.9 73.4 62.3

glucose in sucrose 17 93.1 73.4 73.9 70.5 72.2 61.6

glucose in sucrose 12 93.0 73.3 73.7 70.3 72.1 61.3
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Compound Ref. Cl C2 CS C4 CS C6

ring B glucose in. 
stachyose 12 93,1 73.9 73.9 70.7 73.9 67.I a

ring B glucose in 
raffinose 12 93.0 73.9 73.9 70.6 73.9 67.2a

mean 98.2 73.6 74.2 70.8 73.0 61.97

s 3.7843 0.6562 0.3729 0.2876 0.6164'0.4111

aThe downfield s h i f t  of th is  resonance is due to subs t i tu t ion .
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H

g-D-glucopyranosides

Compound Ref. Cl C2 C3 C4 CS C6

methyl B-D-glucopyran­
osi de 13 104.3 74.2 76.9 70.8 76.9 61.9

methyl B-D-glucopyran- 
oside 2 104.2 74.1 76.9 70.7 76.8 61.9

methyl e-D-glucopyran- 
oside 19 104.5 74.6 77.3 71.2 77.3 62.4

terminal glucose in 
a - c e l lobiose 17 103.5 74.3 76.9 70.7 76.9 61.8

terminal glucose in 
a-cel lobiose 19 103.9 74.7 77.2 71.1 77.2 62.4

terminal glucose in 
3-cellobiose 17 103.5 74.3 76.6 70.7 76.9 61.8

terminal glucose in 
3-cellobiose 19 103.9 74.7 77.2 71.1 77.2 62.4

terminal glucose in 
methyl 3 -ce l lobioside 17 103.7 74.3 77.0 70.7 76.9 61.9

terminal glucose in 
methyl 3-cellobioside 19 103.9 74.6 77.5 71.2 77.2 62.4

internal glucose in 
methyl 3-cellobioside 17 104.2 74.0 75.7 80.I a 75.5 61.4

internal glucose in 
methyl 3-cellobioside 19 104.5 74.2 76.4 80.3a 75.9 61.8
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Compound Ref. Cl

internal glucose in . 
methyl B-maltoside 17 104.1

internal glucose in 
methyl g-maltoside 19 104.4

internal glucose in 
methyl g-lactose 17 104.1

terminal glucose in 
a-l.aminaribiose 19 103.9

terminal glucose in 
B-Iaminaribiose 19 103.9

terminal glucose in 
a-geptiobiose 19 103.8

terminal glucose in 
S^geiitiobiose 19 103.8

terminal glucose in 
methyl B-gentiobiose 19 104.0

internal glucose in 
a-gept ib tr iose 19 103.7

terminal glucose in 
a -geptio tr iose 19 103.7

internal glucose in
B-geptiptriose 19 103.7

terminal glucose in . 
B-geptiotriose 19 103.7

terminal glucose 
(l->3) to rhamnose 16 105.0

terminal glucose 
(!->4) to rhamnose 16 104.4

C2 C3 C4 CS C6

73.8 75.7 . 78.4* 77.3 61.7

74.6 77.8 78.7* 76.1 62.3

73.9 75.8 79.8* 75.6 61.4

74.8 77.1 71.2 77.1 62.4

74.8 77.1 71.2 77.1 62.4

74.5 77.1 71.1 77.1 62.5

74.5 77.1 71.1 7.7.1 62.5

74.0 77.2 71.0 77.2 62.5

74.6 77.1 71.2 76.1 70.0*

74.6 77.1 71.0 77.1 62.4

74.6 77.1 71.0 76.1 70.0*

74.6 77.1 71.0 77.1 62.4

74.7 76.9 70.8 76.9 61.9

75.1 77.2 70.8 77.0 61.9



294

Compound Ref. Cl C2 C3 . C4 CS C6

terminal glucose 
(l->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 (1.3140 (1.5078 0.2158 (1.5359 (1.3615

aThe downfield s h i f t  of the resonance is due to subs t i tu t ion .



APPENDIX C
CMR Data for Synthesized t i -  and g-D-galactopyra.nosides

Compound . Stand. Cl C2 C 3 C4 CS C 6

methyl a-D-galactopy- 
ranoside ' Aa 101.7 ■ 70; 6 71.9 71.6 73.1 63.6

Bb 100.3 6 9 .2 , 70.5 70.2 71:7 62.2

aTlyT a-D-galactopy- 
ranoside A 9 9 .9 . 70.6 71.9 71.7 73.4 63.7

B 98, 5 6 9 ,2 70.6 70.3 72.0 62.3

(2 ,3-propanediol-1-0) 
a-D-galactopyranoside A 101.3 71.0 71.8C 71.8C 73.0 63.8

B : 99.9 69.6. 70.4C 70.4C 71.6 62.4

(2-propanol-1-0) a - D- .
galaetopyranoside A i o i . r 70.9 .71.9. 71.7 73.3 63.4

B
100.6 
99.8d 69.6 70.6 70.4 72.0 62.3

methyl g-D-galactopy- 
ranoside B

99.2 

'104.9 71,8 73.9 69,8 76.2 62.1

aReference standard is DSS substi tuted.  
hReference standard is external IMS.. 

cThese signals were not resolved.

dT h e se  values resulted from diasterjomers, a t  C-2 of the aglycone.



APPENDIX D
CMR Data for Synthesized a -  and 6-D-glucopyranosides

Compound Stand. Cl C2 CS C4 CS C6

methyl a-D-glucopyran- 
oside (sigma) Aa 101.7 73.7 75.6 72.0 74.0 63.2

Bb 100.3 ' 72.4 74.2 . 70.6 72.7 61.8

(T-propanol-2-0) a-D- 
gIucOpyranoside A 100.6C 

98.0
78.2cd 75.5 
75.5

72.1' 74.4 63.0

B 99.3C 
96.6-

76.8cd 74.1 
74.1

70.7 73.0 61.7

methyl g-D-glucopyran- 
oside (sigma) A 106.2 76.1 78.84 72.7 78.75 63.8

B 104.8 74.7 77.5 71.3 77.4 62.4

aReference standard is DSS substi tuted.

^Reference standard is  external TMS.

cThese values resulted from the diasteromers a t  C-2 of the aglycone. 

dThese values could not be unambiguously assigned by comparison of 

in te n s i t i e s ,  since one signal coincided with the resonance for  C-3.



APPENDIX E

CMR Data  f o r  a -  and g - D - g a l a c t o f u r a n o s i d e s

a-D-galactofuranosides

Compound Ref. Cl C2 C3 C4 CS C6

methyl a-D-galacto- 
furanoside 20 103.1 77.4 75.5 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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3-D-galactofuranosides

Compound Ref. Cl C2 C3 C4 CS C6

methyl 3-0-galacto- 
furanoside 20 109.2 81.9 77.8 84.0 72.0 63.9

methyl B-0-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 
galactofuranotetraose 22 108.0 82.4 77.5 82.4 76.6a 62.1

methyl 5-methyl -B-D- 
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

s 0.7733 0.4615 0.3674 0.8444 0.2082 1.3160

aThe downfield s h i f t  of the resonance is due to subs t i tu t ion .



APPFNDIX F
CMR Data for a -  and g-D-glucofuranosides

H

H F h ^OR
OH

a-D-glucofuranos ides

Compound________  Ref. Cl C2 C3 C4 CS

methyl a-D-gluco-
furanoside 21 104.0 77.7 76.6 78.8 70.7

H OH

g-D-glucofuranosides

_______Compound________ Ref. Cl C2 C3 C4 CS

methyl g-D-gluco-
furanoside 21 110.0 80.6 75.8 82.3 70.7

C6

64.2

C6

64.7
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INTRODUCTION

During the investigative process, described in Sections I and 2, 

and through e ffor ts  in other unrelated projec ts ,  various kinds of non- 

standard laboratory apparatus were required. This Section describes, 

in some d e ta i l ,  the d i f fe ren t  pieces of apparatus that  had been con­

structed during the course of th is  study.



RESULTS AND DISCUSSION .

Since we'often deal t  with small amounts of natural products, i t  

became necessary to obtain IR spectra of KBr pe l le ts  containing not 

more than 100 yg of a pa r t icu la r  compound. To obtain high resolution 

spectra ,  the pe l le ts  were shipped through the mail,  and run on an FT 

IR spectrometer. To be certain  tha t  the pe l le t  would arr ive  a t  i t s  

dest ination in one piece, the IR Pel le t  Transporter was b u i l t .  A draw­

ing of the ex ter io r  is presented in Figure I .  Figures 2 and 3 show the 

drawings of the top and bottom and side views for the Top Unit of the 

IR Pellet.  Transporter. Figures 4 and 5 show the drawings of the top. 

and bottom, and side views for the Bottom Unit. '

The pe l le ts  were pressed into small paper discs,  (obtained from 

Varian), 1.3 cm in diameter, which have a rectangular hole in the 

center.  After the pe l le t  was mounted in the IR Pel le t  Transporter, the 

Transporter was placed in a box (containing a desiccant),  and surrounded 

by foam. During the shipping process, no pe l le ts  were broken.
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LEGEND: Scale: 1.5" = I"
I . 5/16" x I" brass machine screws
2. 3/8" brass washers
3. groove-optional
4. moisture p o r t s , 1/16" = .062
5. urethane bond for securing /

the washers
6. wood putty >
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Figure I . A drawing of the ex ter io r  of the IR Pel le t  Transporter.
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The D i s c - G e l  Band E n han cement  A p p a r a t u s  (DG-BEA), was  b u i l t  t o  a i d  

i n  t h e  v i s u a l i z a t i o n  and p h o t o g r a p h y  o f  b and s  w i t h i n  d i s c - g e l s .  The 

l e g e p d  and d i m e n s i o n s  o f  t h e  a p p a r a t u s  a r e  p r e s e n t e d  i n  F i g u r e  6 .  F i g ­

u r e  I  sh ow s a d r a w i n g  o f  t h e  e x t e r i o r  o f  t h e  DG-BEA, and F i g u r e  8 shows  

a d r a w i n g  o f  t h e  i n t e r i o r  and b a ck  o f  t h e  a p p a r a t u s .  One can o b s e r v e ,  

o r  p h o t o g r a p h  21 s e p a r a t e  d i s c - g e l s  a t  a t i m e . . The window o f  t h e  box  

was made o f  t r a n s l e u c e n t  p l e x i g l a s s ,  w i t h  t r a n s p a r e n t  r a i l s  ( f o r  h o l d i n g  

t u b e s )  a b o v e  and b e l o w  t h e  win do w .  A s h u t t e r  a s s e m b l y  was  i n c l u d e d ,  

t h a t  w o u ld  s l i d e  i n  f r o n t  o f  t h e  w in d o w ,  t h r o u g h  t r a c k s  p r o v i d e d  i n  t h e  

r a i l s .  T h i s  s h u t t e r  w o u ld  s t o p  t h e  e x t r a n e o u s  l i g h t  b e t w e e n  t u b e s  from  

w a s h i n g - o u t  t h e  s m a l l  b a n d s .  S o l i d  s h u t t e r s  made o f  c o l o r e d  p l a s t i c s  

c o u l d  be  e m p l o y e d ,  t o  a i d  i n  p h o t o g r a p h i n g  p a r t i c u l a r  c o l o r e d  b a n d s .

313
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B e c a u s e  o f  p r o b l e m s  we e n c o u n t e r e d  d u r i n g  an a t t e m p t e d  h y d r o g e n o l -  

y s i s  r e a c t i o n  o f  ( 3 - o x e t a n y l ) 2 , 3 , 4 , 6 - t e t r a - 0 - b e n z y l - g - D - g a l a c t o p y r a n -  

o s i d e ,  ( 2 9 ) ,  ( S e c t i o n  I ) ,  i t  was d e c i d e d  t o  a t t e m p t  a h i g h  p r e s s u r e  (1000 

p s i ) h y d r o g e n o l y s i s . T h i s  r e a c t i o n  w o u ld  h a v e  t o  be  u n d e r  t a k e n  i n  a 

P a r r  Bomb. S i n c e  o u r  s a m p l e  s i z e  was o n l y  a b o u t  5 ml t o t a l , and t h e  

i n t e r i o r  o f  t h e  P a r r  Bomb was g r o s s l y  c o a t e d  w i t h  t a r  and d e b r i s ,  a 

r e a c t i o n  v e s s e l  and h o l d e r  was r e q u i r e d .  F i g u r e  9 sho ws a d r a w i n g  o f  

t h e  P a f r  Bomb M ic r o  Sa m pl e  H o l d e r .  The g l a s s  r e a c t i o n  v e s s e l  was b lown  

from a g l a s s  t u b e  ( I .  D. = 19 mm). The s u p p o r t i n g  h o l d e r  was made from  

k i l n  d r i e d  w ood.  The c u t - o u t s  marked A, a r e  d r a w i n g s  o f  t h e  t o p  and  

b o t t o m  s u r f a c e s  o f  t h e  b a s e  p l a t e .  The c u t - o u t s  marked B,  a r e  d r a w i n g s  

o f  t h e  t o p  and b o t to m  s u r f a c e s  o f  t h e  t o p  p l a t e .  The two d o w e l s ,  marked 

G and D, p a s s  t h r o u g h  b o t h  p l a t e s ,  h o l d i n g  t h e  a p p a r a t u s  t o g e t h e r .  The  

dowel marked C, i s  s t a t i o n a r y , ,  and was u s e d  o n l y  a s  a s u p p o r t .  B u t  t h e  

dow el  marked D, i s  f r e e  t o  r o t a t e ,  and h o l d s  t h e  s a m p le  v e s s e l  i n  p o s i ­

t i o n .
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seal* /  '• / "

C. stationary dowel 
- D. swivel dowel

Figure 9. A drawing of the Parr Bomb Micro Sample Holder.
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When d e a l i n g  w i t h  s m a l l  q u a n t i t i e s  o f  r e a c t i o n  p r o d u c t s  t h a t  r e ­

quire d s u b s e q u e n t  h y d r o g e n o l y s i s ,  t o  be  a b l e  t o  o b s e r v e  a c h a n g e  i n  hy dr o­

gen p r e s s u r e ,  a s m a l l  h y d r o g e n a t i o n  a p p a r a t u s  was r e q u i r e d .  A d r a w in g  

o f  t | ) e  M ic r o  H y d r o g e n a t i o n  A p p a r a t u s  i s  d e p i c t e d  i n  F i g u r e  1 0 .  L e t t e r

A r e p r e s e n t s  a t h i c k - w a l l e d  r u b b e r  t u b e ,  B i s  a t u b e  o f  p o l y c a r b o n a t e
:

u s e d  a s  a s h i e l d ,  C i s  t h e  r e a c t i o n  v e s s e l ,  and D r e p r e s e n t s  a m a g n e t i c  

s t i r r e r .  . The r e a c t i o n  v e s s e l  was made, from  a t h i c k - w a l l e d  c o n n e c t i n g  

t u b e .  A f l a t  b o t t o m  was b l o w n ,  t o  f a c i l i t a t e  t h e  u s e  o f  a 9 mm s t i r  bar.

Figure 10. A drawing of the Micro Hydrogenation Apparatus.
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I t  was c o n s i d e r e d  t h a t  a good a n a l y t i c a l  B i o - g e l  co lu m n  c o u l d  be  

o f  u s e  d u r i n g  t h e  i s o l a t i o n  o f  h e l m i n - t h o s p o r o s i d e  and v a r i o u s  r h y n c h o -  

s p o r o s i d e s .  T h e r e f o r e ,  a 2 9 5 . 5  x 0 . 8  cm. B i o - g e l  P -2  ( - 4 0 0  mesh)  co lumn  

was c o n s t r u c t e d .  A p h o t o g r a p h  o f  t h i s  c o l u m n ,  mounted i n  w o r k i n g  c o n ­

d i t i o n ,  i s  shown i n  F i g u r e  1 1 .  T h i s  co lu m n was mounted on a k i l n  d r i e d  

wooden f r a m e , s o  t h a t  i t  c o u l d  be  r e l e a s e d  from v e r t i c l e  and t r a n s p o r ­

t e d  on t h e  f r a m e .  F i g u r e  12 i s  a d r a w i n g  o f  t h e  c o l u m n ,  s h o w i n g  t h e  

d i s t r i b u t i o n  o f  t h e  w a t e r  j a c k e t s .  With  t h e  w a t e r  j a c k e t s  p l a c e d  i n  

t h i s  m a n n e r ,  o n e  c a n  a c h i e v e  a co lumn run a t  o n e  t e m p e r a t u r e ,  o r  w i t h  

a t e m p e r a t u r e  g r a d i e n t .  Each j a c k e t  ha d a s e p a r a t e  l i n e ,  w h ic h  came 

from  a 6 -w ay s t r e a m  s p l i t t e r ,  and e a c h  l i n e  had a c lam p t o  r e g u l a t e  t h e  

f l o w  o f  w a t e r .  The w a t e r  was  h e l d  a t  a p a r t i c u l a r  t e m p e r a t u r e  by u s i n g  

a c i r c u l a t i n g  w a t e r  b a t h .

The w a t e r  u s e d  t o  e l u t e  t h e  c o l u m n ,  was k e p t  i n  a 3 - n e c k e d ,  I - T i t e r  

f l a s k ,  and h e a t e d  w i t h  a h e a t i n g  m a n t e l  t o  t h e  t e m p e r a t u r e  o f  t h e  c o l u m a  

The w a t e r  was  pumped v e r t i c a l l y  t h r o u g h  t h e  co lumn by a m in i  pump, and  

p r i o r  t o  e n t e r i n g  t h e  c o l u m n ,  t h e  w a t e r  p a s s e d  t h r o u g h  a mi 111 p o r e  .

0 . 2 2  y f i l t e r .

To c h e c k  t h e  s e p a r a t i o n  c a p a b i l i t i e s  o f  t h e  c o l u m n ,  a s o l u t i o n  con­

t a i n i n g  D e x t r a n  T 4 0 ,  m a l t o t r i o s e ,  c e l l o b i o s e , and g l u c o s e  was  p a s s e d  

o v e r  t h e  co lum n ( F i g u r e  1 3 ) .  T h i s  s e p a r a t i o n  o c c u r e d  a t  a t e m p e r a t u r e  

o f  4 4 ° C ,  and a f l o w  . r a t e  o f  I d r o p / 6  s e c s .  If th e  f l o w  r a t e  was  d e c r e a s e d  

t o  I d r o p / 1 3  s e c s ,  t h e  s e p a r a t i o n  i m p r o v e d ,  a s  shown i n  F i g u r e  1 4 .
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F i g u r e  1 1 .  A p h o t o  o f  t h e  2 9 5 . 5  x 0 . 8  cm. B i o - g e l  P - 2  ( - 4 0 0  mesh)  

c h r o m a t o g r a p h y  c o lu m n .
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Figure 12. A drawing of the column, depicting the distribution
o f  t h e  w a t e r  j a c k e t s .
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When the temperature was increased to 64°C, the separation continued to 

improve, as shown in Figure 15. For comparison, a column separation on 

a I nieter, Bio-gel P-2 (200-400 mesh) column, gives a single broad peak 

for  maltotriose and cellobiose.

Because we wanted to use UV detection during separation of the 

toxins, a UV detector having a 40 yl flow-cell was used. A number of 

runs were made using th is  dectector,  allowing us to become familiar with 

the system. Figure 15 depicts a column run of the standard solution,

monitored a t  192 nm. There was approximately I mg of each compound in
V

the standard solution.

The ser ies  of glucosyl a ( I-*-4) oligosaccharides were of in te res t  to 

separate on the column, for comparison with carbohydrates isolated from 

fungal cultures .  A corn syrup hydrolysate was obtained,1 and separated 

on the column (Figure 17). In the Figure, the G's represent glucose 

and the subscript  represents the number of residues in the oligomer.

The plot  of Ve/Vo vs. log(molecular weight) for th is  column run is de­

lineated in Figure 18. I t  is in teres t ing  that  carbohydrates having up 

to 15 subunits are observed.

There have been two reports discussing separation of homologous
2 3glucose oligomers with polyacrylamide gels . ’ In both cases, the larg­

es t  observed oligomer on a Bio-gel P-2 (-400 mesh) column was G^.  Only 

when a Bio-gel P-4 column was used, did G15  appear.  ̂ Separation of these 

oligomers, was also attempted by high-pressure l iquid chromatography
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60 <

Tube Number

Figure 17. Separation of the glucosyl a(l->4) oligosaccharides

in corn syrup.
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Table I.. Elution volumes and the I r  data reduction from the column 

separation of a corn syrup hydrolysate.

Oligomer Ve(ml) Ve/Vo log(molecular weight)

Gl 113.4 2.3 2.256

62 . . 105.2 2.13 . 2.534

Gg 98.4 1.96 2.703

G4 92.0 1.87 2.824

Gg 86.3 1.75 2.918

G6 . 81.4 1.65 2.996

G7 77.2 1.57 3.062

Gg 73.3 1.49 3.119

Gg 69.4 1.41 3.169

G10 66.0 1.34 ' 3.215

G11 62.6 1.27 3.256

G12 60.4 1.22 3.293

G13 . 58.7 1.19 3.328

G14 57.0 1.16 3.359

G16 55.9 1.13 3.389
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(HPLC), using Par t is i l -10  PAC,4 but the separation was not as good as 

with the polyacrylamide water-eluted columns.

log(molecular weight)

Figure 18. Plot of Ve/Vo vs. log(molecular weight) for the

oligosaccharides in corn syrup.



SUMMARY

All apparatus discussed here, except for the Disc-Gel Band Enhance­

ment Apparatus, adequately met the intended need. The DG-BEA func­

tioned s a t i s f a c to r i l y ,  and was indeed used, but three f lourescent lamps 

behind the window, instead of only two, would be bet ter .

The Bio-gel P-2 (-400 mesh) column was a good example of an inex­

pensive way to obtain an excellent  separation instrument. I t s  separa­

tion potential  appears to.exceed tha t  of any previously reported method.



.'EXPERIMENTAL

Throughout th is  work, absorbances, for phenol-sulfuric acid deter­

minations , were obtained on a Bausch and Lomb Spectronic 70, and column 

effluents were monitored on a Gilson Hollochrome variable wavelength 

monitor.

Construction of the Bio-gel column

The column was made by joining thick-wall glass tubing (ID - 0.8 

cm) together forming a nine foot column. Two, 4" pieces of glass tubing 

(ID = 0.9 cm) were joined a t  the ends of the nine foot tube, to allow 

the proper screw-bn connections to.be made. Prior to attaching the las t  

4" piece, six-17" water jackets with rubber seals (obtained from old 

condensers),  were slipped on the column. The column was mounted on a 

bracket made of kiln dried wood, and th is  assembly was mounted vert ical­

ly on a wall. The flow rate  of the column was obtained with the help 

of a mini pump, which can be obtained from the MiI ton Roy Company, St. . 

Petersburg, Florida (D-I9-60029-001).

Carbohydrate determination by phenol-sulfuric acid

The phenol-sulfuric acid analysis was conducted by placing an 

aliquot  of carbohydrate solution in the bottom of a 20 ml t e s t  tube. A 

5% phenol-water solution (I ml) was then added to the tube, with subse-
* AT

quent addition of concentrated su lfur ic  acid (5 ml). After a ten min
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cooling period, the tube, was placed in a spectrophotometer to obtain 

i t s  absorbance a t  490.nm. According to the resul ts  obtained from the 

standard curve (Section I ) ,  18 yg of glucose has an absorbance of 0.299.

Determination of the included volume

A solution (0.25 ml) containing about 0.5 mg of glucose and t r i t i -  

ated water (a few.micro!i ters) , was placed on the column. The flow rate
I

was I drop/12 secs, collecting 13 drops or 0.56 ml/tube. The column was 

run a t  a temperature of 6,5°C. Glucose was detected by phenol-sulfuric 

acid determination, and tr i t ium was counted using a s c in t i l l a t io n  coun­

te r .  The elution volume of glucose was 113.2 ml, and tha t  of the t r i t i -  

ated water was 131.7 ml. . .

Column separation a t  a temperature of 44°C, and a flow rate  of I drop/6 

secs Figure 13 . .

A standard solution containing about,I mg each of Dextran T40, 

maltqtr iose, cel lobiose, and glucose in 0.25 ml water, was placed on the 

column. The flow rate  was I drop/6 secs, col lecting 13 drops or 0.56ml 

per tube. The column was run at  a temperature of 44°C. Each tube was 

monitored for to ta l  carbohydrate by the phenol-sulfuric acid method,.
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Column separation a t  a temperature of 44°C, and a flow rate  of I drop/ 

13 secs Figure 14

A standard solution containing about I mg each of Dextran 140, 

maltotr iose,  c e l lobiose , and glucose in 0.25 ml water, was placed on the 

column. The flow rate  was I drop/13 secs, collecting 13 drops or 0.56 

ml per tube. The column was run at  a temperature of 44°C. Each tube 

was monitored for to ta l  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 column was 64°C.

Column separation monitored at  192 ,nm Figure 16

A standard solution containing about I mg each of Dextrah T40, 

malto t r io se ,  cell obiose, and glucose in 0.25 ml water, was placed on the 

column. The flow rate  was I drop/14 secs, collecting 13 drops or 0.56 

ml/tube. The column was run a t  a temperature of 55°C. The column elu- 

ate v/as passed through a 40 yl f low -ce l l , being monitored at  192 nm.

Separation of the glucosyl a(1->-4) oligosaccharides in corn syrup 

Figure 17
I

A solution of a corn syrup hydrolysate in water (0.25 ml to ta l )  

was placed on the column. The flow rate  was I drop/14 secs, collecting 

13 drops or 0.56 ml per tube. The column was run at  a temperature of 

55°C. Each tube was monitored for to ta l  carbohydrate by the phenol- 

su lfur ic  acid method.
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