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This is a short report of what happened for the past one year. 

The account for the above short term grant was opened in August 2006, even though, on paper, 

the start date of the grant is 14 May 2006. There was a time lapse of almost three months before 

procurement of chemicals could take place. 

Procurement of chemicals (in August 2006) 

Procurement of chemicals and consumables for the synthesis of glycosyl-substituted 

benzimidazoles started sometime in August 2006. During this time, I learned that the delivery of 

chemicals were not that reliable - commonly used chemicals took about three weeks to come in; 

some took longer six weeks and one or two would not get delivered at all. This is the main problem 

in Malaysia since we don't have big chemical industries that produce fine chemicals. We rely 

heavily on fine chemicals imported from Europe, Japan or Australia. 

During the investigation of the synthetic routes of glycosyl-substituted benzimidazoles, I figured out 

a quicker way to access the target compounds. This modified route requires the use a chemical 

called allylamine at the second step of the synthesis. This is the critical ingredient before I could 

cyclise the o-phenylenediamine to form the benzimidazole ring. After several inquiries to Sigma

Aldrich during the chemical procurement period, I was informed that allylamine is air-forbidden 

due to its explosive nature. The only way to bring allylamine in is by shipping it - which would take 

six months. I requested that Sigma-Aldrich to ship the chemical, but until now they could not 

identify a shipping company that would be willing to take the risk. 

P : protecting group 

Back to the drawing board (November 2006) 

At this time, it was already almost at the end of the 'theoretical' 6 months (around November 2006). 

Realising that the situtation above wouldn't change for the better, I performed more literature 

search -looking for a synthetic route which is do-able in Malaysia. 

Honestly, the literature search confirmed my biggest fear i.e. any other routes would take longer 

and more tedious. This is mainly due to the incorporation of the protected glycosyl moiety which 

requires extra care during its handling as it is labile to acids and bases. 

Re-thinking of different glycosyl-modified heterocycles led me to a new do-able route (Figure 2). 

Thus, instead of glycosyl-substituted benzimidazole, the new target would be a C-glycosyl modified 

pyrimidine. It quite similar to the previous benzimidazole target as it retains the three hydroxyl 
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groups on the glycoside that are essential for binding. Additionally, glucose is inexpensive than L

fucose, The pyrimidine group has two additional handles to which different groups could be 

attached to study its structure-activity relationship. The presence of hydroxyl handles also are 

attractive since they amenable for small library construction based on solid phase synthesis. 

op NHz 
poy\. "N-4NHz 0 

~ '-'0 H + HoAR + 
HO . 7 

OMe 6 

The new project assigned to a Master student (Jan 2007) 

Around this time (end of Dec 2006), I agreed to supervise a Masters student, Muthanna F. Abdul 

Karim, P-FM005/06(R), whose sponsor directed him to change his research field from Pharm. 

Technology to Pharm. Chemistry. I assigned him the new project, during which he spent the first 

three months on background reading, I thought he needed to brush up his knowledge in organic 

chemistry since the last time he did it was in his undergraduate days. During the three months, 

orders for chemicals were put in to Aldrich - and indeed, they all arrived in good time for 

Muthanna to start his labwork, 

Muthanna started his labwork this first week of April 2007 - he synthesised the methyl-O

glucoside, via the Fischer glycosidation method. The glucoside unfortunately appeared as a- and 

~~-anomers. The proton NMR of the anomeric mixture was quite uninterpretable, thus we decided 

to isolate one of the anomers via recrystallisation method. It is quite usual that one anomer would 

crystalise out in preference to the other. Muthanna attempted different crystallisation method, but 

still couldn't isolate one of the anomers. He then tried the isolation by TLC by varying different 

mobile phases; this also failed to separate the anomeric mixture. 

End of the Master student supervision 

I think at this time, into his second month in the lab, he was quite demoralised because he couldn't 

get good results as quickly as he had expected. Also, it is a quite steep learning curve to climb in 

synthetic medicinal chemistry. According to Muthanna, he could not bring himself to love the 

chemistry field. He thought he might be better off if he was to return to Pharm. Technology. I had to 

let me go. This took place last week on 25th May 2007. 

In short, the project has taken a small step forward, after taking several steps back. This is what 

happened so far - one year into this project funded by USM short term grant. 
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PSEUDO· PEPTIDE 

Pseudo peptide or artificial peptide is very important because peptides are used extensively in 

nature for a variety of signaling functions in both unicellular and multicelullar organisms including 

man. Pseudo-peptides that are polyamides composed of amino acids other than a-amino acids 

which include for instance peptoids, l3-amino acid oligomers and also compounds such as peptide 

nucleic acids and DNA binding polyamides. For example, many peptide hormones and analogues 

short peptides exert their action by binding to membrane receptors. Peptides also show some 

biological activities in the form of nerve toxins, antibacterial agents or general cell toxins. 

HO. ' .. n, Structure of a caspase-1inhibitor 

',~J(. 
o 1 {) 0 
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However, most natural peptides are composed of L-form a-amino acids and because of the 

ubiquitous prevalence of peptidase they have limited biostability and consequently low 

bioavailability. Thus, a novel field of peptidomimetics has emerged in drug discovery, in attempts to 

design non-peptide compounds mimicking the pharmacophore and thus the activity of the original 

peptide. [1] 

Peptide aldehyde, an example of pseudo peptide is a common feature of enzyme inhibitors, for 

example HIV protease inhibitors, or caspase inhibitors (see diagram). Peptide aldehydes are also 

used in chemoselective ligation, for example in the production of peptide dendrimers. They are 

also used in the formation of reduced peptide bonds (pseudo peptide bond peptidomimetics). 

PREVIOUS RESEARCH 
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Cross metathesis has emerged as an extraordinarily powerful method for fusing highly 

functionalized reaction partners. The functional group tolerance of this method is particularly 

attractive for the present application of carbohydrate fusion to amino acids. 

Previous synthetic work has explored a wide variety of C-C bond forming reactions for the 

preparation of C-glycosyl amino acids, and has been reviewed by Dondoni.[2] Since that review 

there have been several reports furthering the development the development of concise and 

broadly applicable routes to C-glycosyl amino acids utilizing the Ramberg-Backlund rearrangement 

[3], acetyl ide couplings [4], homochiral enolate additions [5], and an asymmetric Strecker reaction 

[6]. 

The availability of the second generation Grubbs catalyst [7] has prompted the application of its 

use for elaboration of the O-glycosyl amino acids [8] and for the construction of C-glycosides. [9] 

Recently the ruthenium-catalyzed olefin cross- metathesis has been employed for the preparation 

of C-glycosyl amino acids. Dondoni made use of benzyl-protected C-alkenyl glycosides and 

affected cross-metathesis with a vinyl oxazolidine, derived from Garner's aldehyde, yielding 

products with 2-4 carbons linking the anomeric position to the glycinyl mOiety. (Scheme 1) [10] 

.................. 
. ~-~ .. -...... 

RU~t»Jf~ 

Mc Garvey has described the success of the cross-metathesis approach between C- alkenyl 

glycosides and L-allyl gycine to yield a 3 or4 carbon linkage. (Scheme 2)[11] Recently, Mc Garvey 

has done an investigation on the structural features directing olefin cross-metathesis to afford C

glycoamino acids. (Scheme 3)[12] 
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Rlo-
A~),-.lIw~~ .. ,.H + 

(2) 

Ernest G. Nolen has employed Grubbs second generation ruthenium catalyst for the cross 

metathesis between stable a- and r3-C-allyl glycosides and suitably protected L-vinyl glycines to 

furnish olefinic products in 57-94% yields. (Scheme 4) [13] 

Roy and co-workers have used a selective cross-metathesis reaction as a key C-C bond forming 

step in the preparation of co-called "molecular asterisk". An initial cross metathesis reaction 

between peracetylated a-O-allylgalactopyranoside with protected amine catalyzed by second 

generation Grubbs catalyst afforded cross-product in moderate yield with a complete E selectivity. 

(Scheme 5) [14] 
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In this investigation studies, we are going to look at the interaction between stable a-C- allyl 

glycosides and suitably protected L-vinyl glycines by using second generation Grubbs catalyst. 

The goal of these studies is to gain insight to what structural features favoured the desired course 

of the reaction in an effort to minimize the unwanted self- metathesis. Besides that, the most 

crucial part is cross metathesis between Omc protected L-vinyl glycine and a-C-allyl glycosides. 

Originally, the use of Na-(4,4-dimethyl-2,6- dioxocyclohexylidenemethylene) (Omc) as an 

orthogonal amino protecting group for solid-phase peptide synthesis became redundant as it was 



superseded by its methyl derivative Ode due to the latter's improved stability towards the Fmoc 

deprotection conditions. However the former's stability to hydrogenolysis and labilty towards 

piperidine would be an asset.[15] 
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Overall synthesis steps can be divided into 4 parts as follows: Part A: Acetylation of D (+)

galactose and L( +)- fucose. 

AcO 

Part C: Allylation ofperacetvlated galactose, glucose, and fucose 

);fEoAe ~SiMe:; !fC' AeO -OAe AcO 0 

OAe BF3.Et20. CH3CN AcO /.? 

AcO 
~. AcO SIMe3 
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Part D: Cross metathesis investigations 
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Reagents and conditions: (i) paraformaldeyhde, TsOH, toluene, reflux using dean stark apparatus; (ii) Na, MeOH dried; 

(iii) Pb(OAc)4, Cu(OAc)2, H20, toluene, N2 gas; (iv) 6N HC!; (v) DMMD, EtOH ; (vi) Fmoc-CI, Na2C03, H20i 

dioxane; (vii) tert-butyl trichloroacetimidate, DMMD, EtOH 



Part A: Preparation of peracetylated 0(+)- galactose 

In this part, we will discuss four ways of synthesizing D(+)-galactose pentaacetate. 

Preparation of O(+)-Galactose Pentaacetate Using Sodium Acetate. 

HOJl.!" 
OHOH 

D-galactose 

• 
Acetic anhydride 

s G 

~
OAC 

AcO 0 
OAc 

OAc 

Beta-D-galactose pentaacetate 

s: product; G: galactose 

Acetylation of D( + )-galactose with acetic anhydride and sodium acetate will only gives one anomer 

which is r3-D{+)-galactose pentaacetate. Sodium acetate is a base catalyst. The anomeric acetate 

is more reactive than the other acetate groups. r3-anomer is a kinetically controlled product, being 

initially formed from the more rapid acetylation of the equatorial hydroxyl group at C-1 of r3-D

galactose pentaacetate. In this reaction, the resonance-stabilized carbocation formation do not 

happen (Scheme 6). 

(6) 
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Scheme 7: Proposed mechanism of acetylation galactose pentaacetate using sodium acetate. 
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, Preparation of D(+)-Galactose Pentaacetate Using Zinc Chloride 

IU~H H0\L-f.{ 
OHQH 

O-gala ctose 

Acetic anhydride 

IfE
OAe 

AcO 
OAe 

OAe 

+ 

Beta-D-galactose pentaacetate 

~
OAe 

AeO 0 

e 
OAe 

Alpha-D-galaetose pentaaeetate 

S G '----"---------' s: product; G: galactose 

Crystallization of syrup with hot chloroform gave small colourless crystal, however the crystals melt 

into syrup the next day. By using zinc chloride as a catalyst to produce a- anomer of galactose 

pentaacetate failed when the product contains both a-anomer and 13- anomer with ratio 1 :2. This 

might be because the catalyst has reacted with moisture in the room before it could react with 

galactose and this might left only a minimum of zinc chloride which is still reactive to catalyze the 

reaction for 1 hour. 

Zinc chloride which is an acidic catalyst catalyzed loss of acateate ion from the anomeric carbon, 

leaving a resonance-stabilized carbocation. Attack by acetate from the bottom will produced the a

anomer which in this case happens to be thermodynamically stable. (Scheme 8) 
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Scheme 9: Proposed mechanism of acetylation galactose pentaacetate using zinc chloride. 
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Preparation of D( + )-Galactose Penta acetate Using Pyridine 

He. JJ:~H 
~H 
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I n~Ac 
Aeo~ 

O~Ae 
Alpha-D-galactose pentaaeetate 

S G '----------' s: product; G: galactose 

Colourless syrup which turn into white, damp powder at the bottom of the flask after left it for 24 

hours. The ratio between a-anomer and l3-anomer is 1 :2. Pyridine acts as nucleophilic catalyst 

(Scheme 10) 
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Scheme 10: Proposed mechanism of acetylation galactose pentaacetate using pyridine. 
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. Conversion of P-O- to a-O-anomers in Fully acetylated Sugars; a-O- Galactopyranose 

Pentaacetate 

~
OAC 

AcO 0 
OAe 

OAe 

.. 
Acetic anhydride ~

OAC 

kG + 
OAc 

OAe ~
A OAe 

AcO 0 

c 
OAe 

Beta-o-galadose pentaacetate Beta-o-galactose penta acetate Alpha-o-galadose pentaacetate 

S G '----------' s: product; G: galactose 

Crystallization of syrup with hot chloroform gave small colourless crystal, however the crystals melt 

into syrup the next day same case with SMA2. Conversion of j3-anomer to a-anomer in this case 

produced a mixture of both with ration 2:9. 

PREPARATION OF PERACETYLATEO O(+)-GALACTOSE 

Preparation of D(+)-Galactose Pentaacetate Using Sodium Acetate. 

I ~C~H 
HO~O 

OHOH 

D-galaetose 
Acetic anhydride 

~
OAe 

AeO 0 
OAe 

OAe 

Beta-o-galaetose pentaacetate 

To a 50 mL round bottom flask, add D-galactose (1g, 5.6 mmol ) and sodium acetate (0.8 g, 5.88 

mmol). Attach a reflux condenser and add 5 mL acetic anhydride to the reaction mixture. Heat the 

reaction mixture in a hot water bath at 900C for 2 hours. Cool the reaction to room temperature 

and pour the contents of the 50 mL round bottom flask very slowly into a beaker containing 100 
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mL of ice water. Collect the crude crystals of beta-D-galactose penta acetate by suction filtration. 

Recrystallize the product with hot methanol to afford white powder (1.7635 g, 80.73% ). [16] 

Rf (Hexane: Ethyl Acetate, 4:3) 0.60 

vmaz 1739 cm-1 (C=O), 1225 cm-1 (C-O-C) 

oH (300 MHz) 2.01 (3H,s,OAc), 2.07 (6H, s, OAc), 2.14 (3H, s, OAc), 2.19 (3H, s, OAc), 4.0- 4.22 

(3H,m, C-5, C-6), 5.07 (1H, dd, C-4, J= 2.486 Hz, 7.91 Hz), 5.32 ( 1H, t, C-3, J= 9.7 Hz), 5.44 

( 1H,d, C-2, J= 3.27 Hz), 5.70 (1H, d, C-1, J= 8.29 Hz) 

Preparation of D(+)-Galactose Pentaacetate Using Zinc Chloride 

I tc~H 
H°\t-f.:-t 

OHQH 

D-galadose 

.. 
Acetic anhydride 

$
A OAe 

AcO + 
OAt:, 

OAc 

Beta-D-galaetose pentaacetate 

I t1:~AC 
Aeo~~ 

OAe 

Alpha-D-galaetose pentaacetate 

D-galactose (1 g, 5.6 mmol) is dissolved in 5 mL acetic anhydride containing zinc chloride (0.2 g, 

1.47 mmol) and heated for 1 hour on a boiling steam bath. The mixture is then poured into 100 mL 

of ice and water and extracted with chloroform. The chloroform solution is washed with 50 mL 

water twice, 50 mL sodium hydrogen carbonate solution twice, and with 50 mL water once. After 

that, the organic part is dried with anhydrous magnesium sulfate and evaporated under reduced 

pressure to a syrup. Discolourization of the yellow colour by using flash chromatography will give a 

colourless syrup (1.5306 g, 70 %). [16] 

a: ~ ( 1:2 ) 

Rf (Hexane: Ethyl Acetate, 4:3) 0.60 

vmaz 1751 cm-1 (C=O), 1225 cm-1 (C-O-C) 

oH (300 MHz) 2.01 (3H,s,OAc), 2.03 (3H, s, OAc), 2.05 (3H, s, OAc), 2.17 (6H, s, OAc), 4.1- 4.39 

(3H,m, C-5,C-6), 5.07- 5.10(1H, m, C-4), 5.32- 5.34 (1H,m, C-3), 5.43 ( 1H, d, C-2, J= 3.38 Hz), 

5.69 (1 H, d, C-1, J= 8.3 Hz, ~-anomer), 6.32 (1 H,d, C-1, J= 4.6 Hz, a- anomer) 

Preparation of D(+)-Galactose Pentaacetate Using Pyridine 

HO,}Y~H 
~H 

D-galactose 

.. 
Acetic anhydride 

$
A OAe 

AeO 0 + 
OAe 

OAe 
Beta-D-galaetose pentaacetate 

I tr~At:, 
ACO~_t{O 

o~Ae 
Alpha-D-galaetose pentaacetate 
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. 0- Galactose (1 g, 5.6 mmol ) was added slowly to an iced cold mixture of 5 mL acetic anhydride 

and 5 mL pyridine. The mixture was allowed to slowly warm to room temperature and stirred over 

night. The solvent was removed in vucou and dissolved in dichloromethane. The mixture was 

poured into 1 M hydrochloric acid (50 mL) and extracted with dichloromethane (50 mL). The extract 

was washed with saturated aqueous sodium hydrogen carbonate (2 x 50 mL) and water ( 2 x 50 

mL ). The organic extract was separate and dried over anhydrous magnesium sulfate. Then, the 

solvent was removed under pressure. Purification of the yellow colour by using flash 

chromatography gave a colourless syrup ( 1.80 g, 83%). [17] 

a: ~ ( 1:2 ) 

Rf (Hexane: Ethyl Acetate, 4:3) 0.60 

vmaz 1751 cm-1 (C=O), 1225 cm-1 (C-O-C) 

oH (300 MHz) 2.01 (3H,s,OAc), 2.03 (3H, s, OAc), 2.05 (3H, s, OAc) , 2.17 (6H, s, OAc) , 4.01- 4.40 

(3H,m, C-5,C-6), 5.06-5.11 (1 H, m, C-4 ),5.33-5.39 (1 H,m, C-3), 5.43 ( 1 H, d, C-2, J= 3.38 Hz), 

5.65 (1H, d, C-1, J= 8.29 Hz, ~-anomer), 6.32 (1H,d, C-1, J= 4.68 Hz, a-anomer) 

Conversion of 13-0- to a-O-anomers in Fully acetylated Sugars; a-D-Galactose Pentaacetate 

~
OAC 

AcO 0 
OAc 

OAc Acetic anhydride 

Beta-D-galactose pentaacetate 

~
AC 

AcO + 
OAc 

OAc ~
A OAc 

AcO 0 

c 
OAc 

Beta-D-galactose penta acetate Alpha-D-galactose pentaacetate 

~-D-Galactose pentaacetate ( 500 mg, 1.28 mmol) is dissolved in 3 mL acetic anhydride containing 

zinc chloride (0.2 g, 1.47 mmol) and heated for 15 minutes on a boiling steam bath. The mixture is 

then poured into 100 mL of ice and water and extracted with chloroform. The chloroform solution is 

washed with 50 mL water twice, 50 mL sodium hydrogen carbonate solution twice, and with 50 

mL water once. After that, the organic part is dried with anhydrous sodium sulfate and evaporated 

under reduced pressure to a syrup. Discolourization of the yellow colour by using flash 

chromatography will give a colourless syrup ( 0.1683 g, 33.67 %) [18J 

a: ~ (9:2 ) 

Rf (Hexane: Ethyl Acetate, 4:3) 0.60 

vmaz 1751 cm-1 (C=O), 1227 cm-1 (C-O-C) 

oH (300 MHz) 1.96 (3H,s,OAc), 1.98 (3H, 5, OAc). 2.00 (3H, s, OAc) , 2.12 (3H, s, OAc) , 2.18 

(3H,s,OAc), 4.01- 4.40 (2H,m, C-5,C-6), 5.02 (1H, dd, C-4, J=3.42, 10 Hz), 5.24- 5.32 (1H, 
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m,C-3), 5.37 (1H, d, C-2, J= 3.38 Hz), 5.65 (1H, d, C-1, J= 8.29 Hz, 13- anomer), 6.32 (1H,d, C-1, 

J= 2.44 Hz, a-anomer) 

Synthesis of protected L-vinyl glycine 

Synthesis of N-Cbz-5-oxo-4-oxazolidinine propionic acid. 

'--_z ___ ---'-s_---" Z= N-cbz-glutamic acid; S= product 

A mixture of commercially available N-Cbz-glumatic acid (0.2,0.711 mmol), paraformaldehyde 

(0.035 g, 1.165 mmol), p-toulene sulfonic acid monohydrate (0.007g, 0.0368 mmol) , and 

toluene( 25 mL) was refluxed using a Dean-Stark apparatus for the azeotropic removal of water. 

Reflux for 7 hours. Toluene solution was then decanted from brown residue and wash with water 

(2x 50 mL) and 5% NaHC03. The combined ice-cooled aqueous layers were acidified with 6M HCI 

and then extracted with EtOAc (3x 20 mL). Dried over MgS04 and concentrated in vacuo to yield a 

sticky pale yellow syrup. [19] 
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