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ABSTRACT
Part 1:

4,6-O-Benzylidene methylglucoside undergoes periodic oxidation resulting in a

sesqui-acetal which may be regarded as a protected erythrose:

/V o)
h/v 0] NalO 4 P h/vQ/ o)
in MeOH H 0 OMe CH%H C>

OMe o

The use of the Wittig reaction on this protected erythrose and similar derivatives to

extend the number of carbons by one was studied:

pr”’\ O OH O_ _.Ph
O N >
Ph

Ring closure under oxymercuration conditions should lead to C-1 substituted 2-
deoxyfuranosides. This short, convergent approach to C-glycofuranosides can be
extended to C-nucleoside synthesis if the preparation of an appropriate heterocyclic
Wittig reagent can be achieved.

Part 2:

N-Acetylneuraminic acid, a 9-carbon sugar, is the most abundant member in the
sialic acid family. Retrosynthetic analysis shows C-3, C-4 bond disconnection is logical.

This synthetic strategy involves:

1. Synthesis of the fully protected mannosamine derivative: fully protected

glucosamine was synthesized.
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2. Stereoselective C3-C4 bond formation: model reactions were carried out and the

desired threo -amino alcohol was the major isomer in the product mixture.
3. Conversion of the 3-carbon nucleophile to an o keto ester or a keto acid: We

have explored different oxidative conditions on model compounds.

9

. HO NH,
8§ |-O
CO,H HO p 4
. HO 5 OH
7 Paats) OH > 6-carbon fragment = Mannosamine
AcHN\E\S A\r‘r"
(:)H HO 3 3 1
H;C” 2 ~COOH

N-Acetylneuraminic acid
3-carbon fragment = Pyruvic acid
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2-DEOXY-C-GLYCOFURANOSIDES FROM D-GLUCOSE
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1.1 Introduction

The fundamental units of nucleic acids and nucleotide coenzymes are nucleosides
which exist in phosphorylated form. Nucleosides consist of a ribose or deoxyribose ring
(sugar portion), and the aglycon which is a purine or pyrimidine base. The anomeric
carbon of the sugar is attached to the nitrogen atom in the nitrogenous base in a § fashion.
When the bond between the above heterocycle and the sugar is C-C as opposed to C-N,
those compounds are called C-nucleosides. These compounds are of great interest due to
their antibiotic, anti-viral, anti-cancer, and anti-fungal activities.! Pseudouridine,
showdowmycin, formycin and triazofurin (Fig 1.1) can be presented as some of the most

important naturally occurring C-nucleosides.

0]
JL CONH,
HN” TNH s /\(
HO— g HO9 o 0
OH OH OH OH OH OH OH OH
Pseudouridine Showdowmycin Formycin Triazofurin

Fig 1.1: Biologically active C-Nucleosides.

Since cancer cells grow rapidly they have increased metabolic activity, including
nucleoside metabolism. Any compound which interferes with nucleoside metabolism
should affect cancer cells selectively. Purine nucleoside phosphorylase (PNP) is the
enzyme by which animal tissue degrades the ribonuclosides to free bases and the pentose-
1-phosphate, Scheme 1.1. This equilibrium can be destroyed by using PNP inhibitors,

and one class of inhibitor is C-nucleosides. C-Nucleoside anti-cancer activity can be
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explained by the enhanced stability of the C-C bond between the ribose ring and the

aglycon.2
0
0
L0
N
LD S
HO—N 9 HO o
+ O=P'OH____;
e O-P-OH
o) o
OH OH

OH OH
Scheme 1.1 : Action of PNP on nucleoside.
C-nucleosides are also important in anti-parasitic chemotherapy.3 Protozoan
parasites are deficient in the de novo synthesis of purine nucleotides. Various salvage
pathways, especially the salvage enzyme nucleoside phosphotransferase, are essential for
their survival and growth. The action of this enzyme is to transfer the phosphate from
monophosphate esters to the 5 position of purine nucleosides. Due to the lack of
specificity of this enzyme it can also phosphorylate purine analogs. C-nucleosides
administered as drugs become incorporated in nucleic acids, and ultimately become
cytotoxic to the parasite.
Apart from the above uses, C-nucleosides have been incorporated into synthetic
oligonucleotides in order to study their effect on DNA helix stability.4
Over the years several approaches have been developed for the synthesis of C-
nucleosides. Those can be categorized into the following major groups:
1. Condensation of a heterocyclic base with a carbohydrate.
2. Construction of the heterocyclic moiety from a C-1 functionalized carbohydrate.
3. Total synthesis from a simple, optically inactive molecule.

4. Conversion of a pre-formed C-nucleoside into another C-nucleoside.
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Method 1: Reactions in this category are those of metallated heterocycles with protected

sugar derivatives, Friedel-Crafts glycosylation, and Wittig syntheses, Scheme 1.2.

F. Verberckmoes
alSa
o
MOMO 0
o P MOMO
MeN NMe
+ _PdOA
N
OSi(iPr Hacksell, Daves®
iGPr)3 HgOAc OSi(iPr);
e0. Ny OMe
Y
?h3CO OH OMe Ph3CO—q o NO;

o .
y Cupps, Wise &

Townsend®
Scheme 1.2: Metallated heterocycles in C-nucleoside synthesis

Lithio-pyridines have been used in reactions with the free aldehyde of protected
sugar derivatives. The resulting hydroxyl group was converted to the mesylate, and
selective removal of the other protecting groups brought about the cyclization.53-C On the
other hand organometallic reagents can be added to sugar lactones to form hemiacetals,

which can in turn be reduced to the cyclic ether.%d In both instances a mixture of o & B
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products is observed. In order to extend the heterocyclic ring a suitably functionalized
lithio-pyridine can be used. In such instances regioselective lithiation can be a problem.
Instead of the free aldehyde, anomeric halides have also been used in some studies where
a lithio-pyridine or lithio-pyrimidine was used as the heterocycle.

Palladium-mediated reactions of aryl or heterocyclic mercurials with glycals is
another effective route to C-glycosides.6 The stereochemistry at the anomeric carbon of
the adduct can be controlled by changing the bulkiness of the protecting groups on the
hydroxyl groups of the glycal precursor.

Friedel-Crafts glycosylation7 has been reported as another way to link the
heterocycle to the ribose. R. S. Klein used SnCly4 as the Lewis acid to incorporate the
heterocycle into a sugar having an acetate at the anomeric center.

Although the Wittig reaction is a common way to synthesize C-glycosides, there

have not been very many reports on C-nucleosides via this approach. Townsendd was
able to synthesize homo-C-nucleosides using a Wittig reagent derived from a
functionalized pyrimidine.
Method 2: Even though one can consider this as a linear synthesis as opposed to the
aforementioned convergent synthesis, the most frequently used strategy to obtain C-
nucleosides is construction of the heterocycle using a C-1 functionalized sugar. Nitrile,?
formyl, dimethylaminoacrylonitrile, 10 ethynyl,11 and nitromethyl12 have been used in
the past as synthons for the heterocyclic moiety. Apart from that regioselective synthesis
of C-nucleoside has been accomplished by 1,3 dipolar cycloaddition of arylnitrile oxides
to hex-5-enofuranose.13 An excess of the 1,3 dipole is required, and dimerization of the
nitrile oxide is a problem in this synthesis.

Anomeric carbocylic acids have been coupled to heteroaromatic bases14 in the

recent literature. The carboxylic acid group on the anomeric position can react with a
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heteroaromatic compound containing a nitrogen atom via radical reaction with N-
hydroxy-2-thiopyridone.
Method 3: What comes under this category is mostly the construction of the sugar

moiety from a furan by making use of the Diels-Alder reaction,152-b Scheme 1.3.

CO,Me

. CO,Me
[
- + Exo adduct
1) R.T. 14 hrs. \ NO,
1.0S04
2 \\ OMe

% , TsOH
OMe

o o)
o COMe
OMe NH3/MeOH, hv y?
v 0 /L -10°, 3 hrs, N
Al (0]
\o NOH -

Photoisomerization. NO;
0
1. TiCly/HO(lactam) o
2. PANCO-Et3N/CH,Cl,
/K NPh
0 NH
0 ~
<0 _&OMe HO1 o 0
2\ &_ NaBH,/McOH
(o) f'N\r NHPh >
(0]
0 (0] (0]
X
/
Sera, Itoh &
Scheme 1.3: C nucleosides from Diels-Alder reaction Yamaguchils“

Tamao and Ito were able to obtain a 2-deoxy C-nucleoside skeleton starting from

allylsilane.15¢
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‘Method 4: A range of synthetic methods have been developed which lead to the
conversion of one heterocycle to another. 16
A recent review172 shows that similar approaches have been taken in the synthesis
of 2-deoxyribofuranosyl-C-nucleosides. These compounds are analogs of naturally
occurring 2-deoxy-N-nucleosides. No 2-deoxy-C-nucleosides have yet been isolated
from natural products. Nevertheless, the biological activity studies are intriguing due to
the structural similarity between the two classes of compounds. It is important to note
here that the classical way to obtain a 2-deoxyribose C-nucleoside is by dehydroxylation

of the second hydroxyl group in the ribose ring.17b-d
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Aryl C-glycosides

Most of the naturally occurring aryl C-glycosides are pyranoses having a polycyclic
aromatic substituent or anthraquinone as the aglycon. 18 One exception would be
gilvocarcin V( Fig 1.2), which posses anti-tumor, antibacterial and anti-viral properties,
where the sugar moiety is a furanose. Gilvocarcin V is a DNA-intercalation agent18¢ of
unusual potency. The therapeutic potential of this compound is further supported by its

remarkably low toxicity.

H
H e Me
Gilvocarcin V R =
OH
Me
0
. . _ OH
Ravidomycin R = %
OAc

Fig 1.2 : Aryl C-glycosides

Kidamycin, pluramycin and hedamycin are members of a family of
anthraquinoneslgd‘e which possess anti-cancer and antibiotic activity. In these
compounds an amino sugar is attached to the anthraquinone ring via a C-glycosidic bond.

Glycosylflavones (e.g. mangiferin) 182 and the antibiotic aquayamycin18g (a strong
inhibitor of tyrosine hydroxylase and dopamine PB-hydroxylase) have a C-glycosidic
linkage between the pyranose and the aryl moiety.

A frequently used method for aryl C-glycoside synthesislgfis the attachment of the
aryl or substituted aryl group directly to the sugar substrate. Reactions which can be

categorized as Friedel-Craft type222 have been devised based on the substituent at the
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anomeric position in the sugar substrate (leaving group), or depending on the type of
Lewis acid used. Trichloroacetimidates,192 fluorides,19b acetates,19¢-d pyridyl,19e
trifluoroacetate19f and O-methyl sugars198 have been used as sugar substrates. A

variety of Lewis acids have been used to couple the aromatic ring to the sugar, such as
SnCl4, BF3¢Et20, ZnBr, AICI3, AgOTf, Cp2ZrCl2-AgClO4; more recently TMSOTH-
AgClO4 has been used for B-stereoselective C-arylglycosylation of 1-O-methyl

sugarslgg, Scheme 1.4. It has been found that direct C-glycosylation of the free

sugarl9h (hemiacetal form) can be accomplished using BF3.Et70 in the presence of

trifluoroacetic anhydride.

OAc OAc
AO o HO TMSOTE-AgCIO4 m’t‘;&/
AcO + > AcO
OMe HO

Toshima, Matsuo
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Scheme 1.4: Sugar electrophiles in C-glycoside synthesis
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G. A. Kraus262 has used aryllithium or phenylmagnesium bromide to add to the
hemiketal. The product can be reduced using Et3SiH and BF3.Ety0. Use of aryllithium
on sugar lactols has been reported by M. Yokoyama.26D Aryl] organometallics can be
directly placed on an anomeric center when the sugar substrate is benzenesulphonyl ether,
where it can be directly displaced by the nucleophile.26c

SnCly acts as a promoter in arylation of glyca1520 to give 2,3-unsaturated
glycopyranosides. Another common approach for preparation of aryl unsaturated sugars
is palladium-catalyzed coupling.21 Glycals act as substrates for arylation in the presence
of Pd(OAc)3, where the activated aryl could be arylmercurial, aryl tri-n-butylstannane or
simple aryl halides.22 The result of these reactions is the 2, 3-unsaturated
glycopyranoside or furanoside with the aryl substituent at the anomeric position.
Conjugate addition of organocopper reagentszz‘la is another way to obtain 2,3-unsaturated
glycosylarenes. G. Casiraghi reported a method for the preparaton of 2,3-unsaturated 1-C-
aryl a-D-glycosides by reacting glucal with bromomagnesium salts of phenol under
ultrasonic irradiation.23b Moreover, 1-tributylstannyl glycal24 has been used with aryl
bromides with different Pd catalysts in order to obtain 1,2 unsaturated aryl glycosides.

In all the reactions mentioned above, a carbohydrate-derived electrophile is
involved in reactions with electron rich aromatic systems. In most cases one, two or three
methoxy groups were attached to the aryl group. Reverse polarity (Scheme 1.5) is
another strategy, introduced by P. Sinay,25¢ where lithiated glycal generated from the
anomeric stannane reacts with the proper electrophile to form the C-glycoside.
K.A.Parker25b used this strategy to devise a method for quick assembly of aryl-C-
glycosides, where the lithiated glycal can be reacted with quinone to obtain C-glycosides
with 1,2 unsaturation. Aromatization of the quinol moiety can be accomplished by

making use of hydride ions from borane or DIBAL. Use of borane is feasible since the
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aromatization is faster than the hydroboration of the olefin. POCI3 in pyridine helps in
elimination of a water molecule to accomplish the aromatization. Some natural products,
including the anthraquinone anti-tumor antibiotic DC92-D, have 1,2 unsaturation. When
desired the ring can be further modified to obtain C-2 substituted compounds. R. R.
Schmidt232 showed that a nucleophilic sugar, C-1 lithiated glycal (generated from
vinylic sulfide using LDA), reacts with the desired aldehyde to form the C-C bond.
Desulfurized glycal can be obtained after treatment with Raney nickel. The C-2 hydroxyl
group could be introduced by making use of hydroboration if necessary.

MeO_ ,OMe MeO_ ,OMe

Mes, O Li
| 0 =
TBSO Parker & Coburn
OTBS
OMe
BnO o BnO OH
BnO LDA, t-BuLi BHO o) .
BnO S EICHO BnO F Schmidt, Preuss
25a
SPh SPh & Betz

Scheme 1.5: Nucleophilic sugar derivatives in C-glycoside synthesis
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O-Glycosides can be transformed to C-glycosides using the Fries rearrangement. A

C-glycosidic bond has been effectively introduced at the ortho position of 1-naphthol
using Et90.BF3 and the corresponding O—glycoside.27a Apart from that, T. Matsumoto

reports that glycosyl fluorides can be reacted with phenols in the presence of BF3.Et20,
SnCly or CpoMClr-AgClO4 (M= Ti, Zr, Hf) to obtain the O-glycoside. Upon increasing
the temperature it rearranges to the corresponding C-glycoside.27b'c R. R. Schmidt27d
used O-glycotrichloroacetamidates and phenol derivatives with TMSOTT to obta‘in the O-
glycoside at -30°C which rearranged to the C-glycoside upon warming to R.T. Use of
catalytic amounts of TMSOTT in this synthesis is a definite advantage over the cases
where 5-fold excesses of the promoter (CpHfC12/AgClO4) have been used.
Intramolecular glycosylation can lead to stereospecific introduction of the aglycon
at the anomeric center. To achieve that, aglycon has to be tethered to the second
hydroxyl prior to the glycosylation. Glycofuranosides bearing a carbon nucleophilic
substituent such as a benzyl or an allyl group undergo internal C-glycosidation leading to
1,2-cis-C-furanosides in the presence of SnClg 282 A similar reaction has been
introduced by Stork where the 3-phenylethynyl group attached to the second hydroxyl via
a temporary silicon connection has been transferred to the anomeric carbon by a radical-
induced cyclization (Scheme 1.6) to obtain a stryryl substituent on C-1.28b Internal C-
arylation 28¢ of benzylated pentofuranoses leads to polycyclic systems in which the two
heterocyclic components are necessarily cis-fused. Alkylation takes place very
effectively even from the methylglycoside when the substituent at O-2 is more reactive
such as a 3-methoxy benzyl group. Cleavage of the benzylic C-O bond of this system
would release a C-furanosylarene in which the aglycon group is exclusively in the cis

position with respect to O-2.
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Scheme 1.6: Intramolecular C-glycosylation

As with C-nucleosides, the aryl group can be build up on the C-1 substituent to
obtain aryl C-glycosides. G. A. Kraus292 has used Michael addition followed by aldol
condensation while Kozikowski29b has used a dipolar cycloaddition of nitrile oxides to
allyl substituted aromatics. A very interesting way to obtain naturally occurring
polycyclic aromatic glycosides has been reported in the recent literature by V.
Bellosta.29C One could consider this as the biosynthetic route for aryl C-glycosides, with
the introduction of the polyketide chain followed by aromatization to obtain the desired
product.

Reverse methodology with the pyranose ring building up on the aromatic
substituent is another suitable approach. R. R. Schmidt30 reported inverse type hetero

Diels-Alder reactions to build up the pyranose ring system on methoxystyrene.
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1.2 Erythrose sesqui-acetals (protected dialdehydes) as precursors for substituted
tetrahydrofurans.

Glucose has been a good chiral auxiliary in organic synthesis since it is a readily
available compound with a known configuration at every chiral center. Simple periodic
oxidation of 4, 6-O-benzylidene D-glucose leads to a dimerized compound.31 The 4, 6-
O-ethylidene derivative has been thoroughly studied in the past, and it is known that the
periodic oxidation product 2,4-O-ethylidene-D-erythrose exists in the dimeric form as

well32(Schemel.7).
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Scheme 1.7: 2,4-O-Ethylidene-D-erythrose exists as a dimer

Though it exists mainly in the dimeric form, the monomer will undergo
nucleophilic substitution reactions with reagents like nitromethane. K.D.Carlson322 has

reported a crude yield of 68-77% from a reaction between 2,4-O-ethylidene-D-erythrose
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and nitromethane but the reaction gives two major products, two alcohols and several
minor products.

Chain elongation of the monomer also has been carried out using Wittig reagents33
and Homer-Emmons reagents. According to Rapoport,33a the equilibrium between the
monomer and dimer causes very poor yields with ylides, or even no reaction. Acidic
treatment of the dimer followed by Wittig reaction leads to increased yields in the Wittig
reaction. Nevertheless, it is well documented that acidic treatment of the dimer312 will
cause the cyclic acetal to open and undergo ring closure again to yield cis-fused five
membered rings as shown in Scheme 1.7.

Periodic oxidation of 4,6-O-benzylidene methylglycoside was studied during the
1960's, but not much attention has been given to it afterward. Methyl glycosides having
adjacent hydroxyl groups undergo periodic oxidation resulting in dialdehydes.
Characterization of these compounds has shown the existence of a cyclic structure,34
Scheme 1.8. This "dialdehyde-monohydrate” (bis-hemiacetal) 1 gives a solid "dialdehyde
methanolate” (sesqui-acetal) 2 upon recrystallization from methanol or treatment with
methanol at room temperature.
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OMe (1) OMe

3 4 /
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0 \ 3 6 H \N~0
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o
(2) HOMC 6 Hz OH o | OMe
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Scheme 1.8: Periodic oxidation products
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This product of periodic oxidation cannot be named using the existing rules of
carbohydrate nomenclature. Guthrie and Honeyman34b named compound 2 as a
derivative of trans-m-dioxano-[5,4-¢]-[1:4]-dioxepan where, prefix trans refers to the ring
fusion. The stereochemistry of substituents in the dioxepan ring at C2, Cg, and C7 is not
specified. Compound 2 named as 9-hydroxy-6,7-dimethoxy-2-phenyl-trans-m-dioxano-
[5,4-e]-[1:4]dioxepan.

We developed a one-step synthesis of this compound by refluxing 4,6-O-
benzylidene methyl glycoside with NalO4 in methanol for 7 hrs. The position of the
hydroxyl group was confirmed by making the acetate derivative. The downfield shift of
protons at 9 and 9a (C3 and C4 respectively in the original sugar ring) in the acetate
derivative gave positive evidence about the position of the hydroxyl group. The
configuration at C9 was obtained taking J9 9, into account. Coupling constants of 7.4 and
8.1 Hz were observed for the dialdehyde methanolate and its acetate derivative,
respectively, confirming the equatorial orientation of the hydroxyl at C9. The observed
coupling constant between H6 and H7 varies from 5.5-5.8 Hz in the two compounds,
suggesting a trans orientation of the two protons. Since the configuration at C6 is known,
one way to account for the coupling constant of ~ 6 Hz is by assigning a quasi-equatorial
orientation to the methoxyl group on C7 as shown in Scheme 1.8.

Periodic oxidation was carried out on a similar substrate as shown in Scheme 1.9.
Instead of using benzylidene as the protecting group, 1,3-dichloro-1,1,3,3-tetraisopropyl
disiloxane was used to protect the 4,6 hydroxyl groups on the glucose skeleton.35 This is
a known reaction, and the yield was close to 60%. Periodic oxidation under similar
conditions gave 84% of the desired material. NMR shows the existence of the open
dialdehyde and dioxepan compound which did not crystallize out as the benzylidene
compound did. Due to the equilibrium between the open dialdehyde 4 and the cyclic

acetal, 4 was not characterized further.
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Scheme 1.9: Periodic oxidation of 4,6-O-TIPDS methylglycoside
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1.3 Extension of the carbon skeleton of the protected erythrose derivative: Wittig
reaction.

Hemiacetals in partially protected aldose derivatives are known to undergo Wittig36
and Knoevenagel-Doebner37 reactions at the potential aldehyde group. This suggested
the possibility of "dialdehyde methanolate" undergoing Wittig reactions resulting in cis or
trans olefins. This possibility was first tested using benzyl triphenyl phosphonium
chloride and compound 2. Purified products showed four spots on TLC indicating the
formation of all four possible geometric isomers. This conclusion was proven by
reduction of the product mixture with H2/Pd to give one saturated compound. With this
positive result in hand we decided to conduct a survey in order to identify the reactivity

of this protected erythrose derivative 2 with different Wittig reagents, Scheme 1.10.
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X
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Scheme 1.10: Dialdehyde methanolate with Wittig reagent.
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Results from the Wittig reactions are tabulated in Table 1.1, and indicate the
possibility of using stabilized Wittig reagents like triphenylphosphoranylidene-2-
propanone. On the other hand, treatment of methoxymethyltriphenylphosphonium
chloride did not give the desired product instead gave 7 shown in Fig 1.3. The ylide
generated from methoxymethyltriphenylphosphonium chloride is more basic than other
ylides. This leads to the abstraction of the proton on C9a since it is o to the potential
aldehyde. The aldehyde enolate can eliminate the two-carbon fragment resulting in an
o,B-unsaturated aldehyde which, upon addition of one equivalent of the Wittig reagent,
gives compound 7. The differences in yields presented in Table 1.1 parallel the order of

reactivity of the corresponding ylides.

Ph/vOO’ (o) CHO — Ph—< /
~ o
CHO OMe ﬂ CHO
O
Ph—'<
ot
@

Fig 1.3: Products from methoxymethyltriphenylphosphonium chloride.

Target molecule 6 is accessible from these Wittig adducts by acid hydrolysis. It
was a concern at this point to use acidic treatment due to the lability of the benzylidene
ring to such conditions, but our experimental results show that the benzylidene ring is
fairly stable towards acidic hydrolysis. The trans olefin was obtained as the major product

as shown in Scheme 1.10.
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Tetraisopropyldisiloxane(TIPDS)-protected dioxepan 4 was also subjected to the
Wittig reaction using benzyltriphenylphosphonium chloride. The Wittig adduct was
isolated from the reaction in 56% yield as shown in Scheme 1.11. Acidic hydrolysis of
the bis olefin led to 62% of the trans olefin. The presence of the silyl group was

confirmed by 1H and 13C NMR.
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Scheme 1.11:  Compound (4) in Wittig reaction

Migration of a TIPDS group from a primary hydroxyl to a secondary hydroxyl in
the presence of acid is known.35 In order to prove the structure of 9 the hydroxyl was
protected as the acetate, and 1H NMR spectroscopy was used to confirm the position of

the silyl protecting group.
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1.4 An approach to 2-deoxy C-nucleosides:
Uracilylmethylenetriphenylphosphonium chloride as the Wittig reagent.

Synthetic routes for 2-deoxy-C-nucleosides have been recently reviewed by L.J.S.
Knutsen.17a A frequently used method is the building up of the heterocycle on a simple
anomeric substituent, which can be considered as a linear synthesis. The drawback of this
approach is the sugar moiety has to undergo harsh reaction conditions during the
formation of the hetetocycle. The other approach is the reaction of a metallated
heterocycle with a protected 2'-deoxyribose derivative, which can be considered as a
convergent synthesis.

This caused us to test the reactivity of a heterocyclic Wittig reagent with the
dialdehyde methanolate. Subsequent hydrolysis should lead to an olefin of type 6, which
upon ring closure should provide a deoxyribose ring with a heterocycle at the anomeric
center.

In order to test this idea, 2-deoxypseudouridine was chosen as the target molecule.
The desired heterocycle, readily available 6-chloromethyluracil, was used to synthesize 6-
uracilylmethyltriphenylphosphonium chloride in 95% yield. This crystalline Wittig
reagent has been successfully reacted with paraformaldehyde, but with benzaldehyde
only 31% of the olefin was recovered by R.S.Klein and J.J Fox.38 In these procedures the
pyrimidine phosphorus ylide was generated in situ by addition of a base to a mixture of
the phosphonium salt and the aldehyde. Subjection of this Wittig reagent and the
dialdehyde methanolate to Wittig reaction conditions gave negative results. The reaction
was repeated several times with various molar ratios of the phosphonium salt and the
base following the literature procedure. The base was added to a mixture of

phosphonium salt and the dialdehyde methanolate according to the above procedure.

Assuming this failure is due to the abstraction of the o hydrogen in the open dialdehyde
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during the addition of sodium methoxide to the substrate mixture, the normal way of
carrying out Wittig reaction was followed, also giving no desired products. This could be
due to one of two reasons indicated below. The crystal structure of 5-
chloromethyltriphenylphosphonium chloride3? shows the existence of dimers due to the
hydrogen bonding ability of the heterocycles. On the other hand, the anions themselves
are solvated, whereas benzyltriphenylphosphonium chloride consists of free ion-pairs.
Hence the reactivity towards base would be different. The other logical reason is the

challenge of making a trianion prior to the Wittig reaction.
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Scheme 1.12: Phosphonium salts from 6-chloromethyl uracil

The use of 2,4-bis-[trimethylsiloxy]-pyrimidine in nucleoside synthesis is well
precedented in the literature.40 6-Uracilyltrimethylphosphonium chloride was refluxed 3
hrs in distilled hexamethyldisilazane in the presence of molecular sieves. K2CO3 was
added to the mixture and distilled at 1 mbar at 225°C to obtain an extremely sensitive oil.
1H, 13C NMR as well as TLC could not be used to prove the structure due to the lability
of the compound, which did react with hydrocinnamaldeyde in the presence of base to
give the desired olefin in very low yield.

Meanwhile, another route was used to obtain the same compound as shown in

Scheme 1.12, i.e. protection followed by phosphonium salt formation. Use of TMSCI
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and bis(trimethylsilyl)acetamide was unsuccessful but reaction of 6-chloromethyluracil
with dry hexamethyldisilazane for 7 hrs in the presence of 4A molecular sieves followed
by distillation gave 81% of a colorless oil. Conversion of this compound to the
phosphonium salt with a variety of solvents under different conditions gave the starting 6-
choloromethyluracil every time.

-Next we turned our attention to phosphonates (Scheme 1.13) instead of
phosphonium saits. The well known Arbuzov41 reaction was used to synthesize the
phosphonate in 77% yield from 6-chloromethyluracil. The phosphonate did not react with
dialdehyde methanolate as well as simple aldehydes like hydrocinnamaldehyde. Hence,
conversion of the phosphonate to the bis-trimethylsilyl phosphonate was performed with

hexamethyldisilazane, bis(trimethylsilyl)acetamide and TMSC], but negative results were

obtained.
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Scheme 1.13: Phophonate esters from 6-cholromethyl uracil

Bis-silyl-chloromethyluracil was successfully converted to the phosphonate using
triethyl phosphite. Excess triethyl phosphite was removed at 30 mm Hg/55°C, and 91%
of the desired phosphanate was isolated. A model reaction of the phosphonate with
hydrocinnamaldehyde was promising, giving 51% yield of the desired olefin, but the

reaction with dialdehyde methanolate gave the TMS-protected dioxepan.
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1.5 Successful anti-Baldwin ring closure: Synthesis of 1,2-dideoxy-1-phenyl-p-D-
ribofuranose.

Attempts to cyclize compound 6(x=Ph) under oxymercuration conditions42
(Hg(OAc)2/ THF/ H0) were unsuccessful. This ring closure violates Baldwin rules,43
and moreover the benzylidene ring could constrain the ring closure due to torsional strain.
Anti-Baldwin ring closure has been reported in the past.44 Henbest and Nicholls reported
that treatment of trans-3-hexenol with mercuric acetate in methanol gave the cyclic ether
as shown in Scheme 1.14. Formation of the tetrahydrofuran in this case is not surprising
since the flexible hydroxyethyl group can evidently move into the appropriate position to
complete the reaction. The relative configuration of the ethyl and the chloromercuri

substituents in the product was trans as shown.

ClHg

OH
\/"/\/ Hg(OAc),/ MeOH 7\—j
E™ Mo

Scheme 1.14: Anti Baldwin ring closure

With this information in hand, compound 6 (x=Ph) was hydrolyzed to cleave the
benzylidene ring. Ring closure with mercuric acetate gave a mixture of products as
expected. This could be rationalized as follows. Due to the involvement of the primary
hydroxyl group two products can arise: pyranose from 6-endo-trig cyclization, and
furanose from 5-exo-trig cyclization. Apart from that, the desired 5-endo-trig can also be
expected as a minor product. Therefore the more reactive primary hydroxyl group in the
triol was protected selectively using TBDMSCI to give compound 10. Ring closure gave

the o and B furans in 2:3 ratio as shown in Scheme 1.15.
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Scheme 1.15: Synthesis of 2-deoxy-1-C-phenyl ribose

The configuration at the anomeric center was determined using 1H NMR data. The
conformation of a five-membered ring is not fixed like in a six-membered ring. Any
conclusions based on 1H NMR chemical shifts and coupling constants would be
questionable. Due to the abundance of 2-deoxyribose rings in important biological
systems, IH NMR data of o and B anomers have been thoroughly studied in the past.

One such study indicates the splitting pattern of the anomeric proton can be used to
determine the anomeric conﬁguration.45 When the anomeric proton appears as a triplet
(J= 6.8 £ 0.3 Hz) having a peak width of 13.7 + 0.5, the compound is B as opposed to the
doublet of doublet (J= 7.2 £ 0.3 Hz, 3.1 + 0.4 Hz) with peak width 10.4 £ 0.4 for the o
anomer; and thus known as " triplet-quartet-peak-width" (TQPW) rule. Results from the

two compounds (11) are shown in Table 1.2.
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R,0O
O 110: R1= H, R2= TBDMS
Ph 11B: R1=H, R2= TBDMS
_ 13f: R1= R2=tetraisopropyl disiloxane
OR, Y Y
tetraisopropyl disiloxane = —— Si—O— Si—
Fig 1.4
Table 1.2
Compound  Proton Chemical Shape Coupling Peak Width
hif? m constant(Hz) (Hz)
1§ [v3 H-1 5.10 dd 6.9, 8.0 15.0
118 H-1 5.16 dd 5.7,10.0 15.7
13p H-1 5.16 dd 6.3,9.1 15.5

As shown in Table 1.2 it is clear one cannot use the TQPW rule to identify o and

products in our compounds. Instead, we used the H2', H2" resonance "band width" to
differentiate the two products.#6 The H2', H2" resonance "band width" for o-2"-

deoxynucleosides is usually larger than for B-2'-deoxynucleosides. This is used when

compounds deviate from TQPW rule.

Table 1.3

Compound H-2', H-2" Chemical Shift Separation between the two
(ppm) multiplets (ppm)

11 2.04,2.68 0.64

118 2.03,2.24 | 0.20

138 2.03,2.30 0.26
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In order to confirm the result, the B compound was desilylated using fluoride ion
and the resulting alcohol was compared to the known 1-phenyl-2-deoxyribose.

The optical rotations (11a = -22.1, (¢=0.895) and 11B = +8.2, (c=0.755)) indicate
the opposite conclusion according to Hudson's rule of isorotation, but it is known that 2-
deoxy-D-ribofuranose nucleosides violate Hudson's rule.43,46

These encouraging results led us to examine a system with fewer geometrical
constraints for cyclization. Compound 9 with the TIPDS protecting group should be
ideal for this study due to the flexibility of the eight-membered ring (Scheme 1.16). If
the 5-endo-trig cyclization can take place with a TIPDS group present, it eliminates
deprotecting and protecting steps and reduces the number of steps to 6 starting from the

methyl glycoside of the corresponding sugar.
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Scheme 1.16: Synthesis of 2-deoxy-1-C-phenyl ribose

Initial oxymercuration attempts followed by NaBH4 reduction in THF did not give

the desired product. Thus we decided to look at the products from oxymercuration in
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different solvents, and found that in ethanol cyclization occurs to give only one product.
A clue as to what the product was came by looking at the reaction conditions. Since the
work-up involved treatment with saturated NaCl, we thought it should be the
chloromercural 12. This was proven by 1H and 13C NMR, as well as the presence of the
molecular ion peak in the mass spectrum. Moreover, all the isotopes for mercury were
identified in the (M+1)-H20 peak. In order to identify the configurations at the newly
formed chiral centers a phase sensitive NOESY (Fig 1.5) was used. The observed NOE
from proton-3 to proton-2 shows that both protons occupy the same side of the ring. The
configuration at carbon-3 is known since the starting material was D-glucose and this
experimental evidence shows that the chloromercuri substituent has the o orientation.
The next question, the configuration at the anomeric center, was solved by taking the Iy
NMR coupling constants into account. Even though the conformations of five-membered
rings are not fixed like those of six-membered rings, a coupling constant of 11.0 Hz can
only be observed when the two protons under consideration have a trans diaxial
orientation. This evidence indicates that the oxymercuration gave only the B-anomer
during cyclization. Assignment of anomeric configuration of C-glycosides can be done
using NOE obtained by irradiation of H-1'. Appropriate NOE, H-1' to H-5' in C-
glycopyranosides and H-1' to H-4' in C-glycofuranosides, have been observed in variety
of compounds.47 The absence of this NOE in compound 12 is presumably due to the
presence of TIPDS protection, which changes the conformation of the furanose.

The synthesis was completed by performing the de-mercuration with NaBH4 to
yield compound 13. According to the Table 1.2 this compound also deviates from the
TQPW rule, but using the chemical shift difference in H-2' and H-2" (Table 1.3) we were
able to conclude that the product has the B configuration at the anomeric centre. This

confirms the inference made by examining the NMR data for the compound 12.
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Deprotection of compound 13 gave 1-phenyl-deoxyribose which is identical to the
literature compound4 as well as the compound obtained from the other route as shown in

Scheme 1.15.
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1.6 Conclusions

We have developed a short, convergent approach to 2-deoxy-C-furanosides.
Attempts to use heterocyclic Wittig reagents failed due to the difficulty in the synthesis of
the Wittig reagent. Although oxymercuration proceeds in low yield due to the anti-
Baldwin ring closure, this is definitely a superior way to obtain deoxy ribose rings with
an anomeric substituent if one takes the number of steps into account. The abundance of
the starting material (glucose) is also a definite advantage.

During the Wittig reaction, consumption of two equivalents of the reagent is a
disadvantage. This becomes very important with the expensive heterocyclic Wittig
reagent. Nevertheless, this undesired olefin plays an important role in the hydrolysis step
(conversion of 5 to 6). The selective hydrolysis in the presence of the acid labile acetal is
probably be due to the allylic activation provided by this second olefin.

An important observation was made by changing the 4, 6-O-protecting group from
benzylidene to TIPDS. This not only cut down the number of steps in the total synthesis,
but also gave the desired § anomer exclusively.

One could use this route for complex aryl C-glycoside synthesis and C-nucleoside

synthesis if the appropriate Wittig reagent could be synthesized .



1.7 Experimental
9-hydroxy 6:7-dimethoxy-2-phenyl-trans-m-dioxano[5,4-e][1:4]dioxepan (2)

4-6-O-Benzylidene-a-methyl D-glucopyranoside (40.0g, 0.149mol) was dissolved
in 300 ml of anhydrous methanol. Nal04(64.2 g, 0.3 mol) was added and refluxed for 7
hrs. Hot methanol was filtered out and the white residue was extracted into hot methanol
again. The two methanol fractions were combined and the solvent partially removed.
Crystals formed, and after cooling in the refrigerator were filter off. A second crop was
collected. The resulting white crystalline compound was dried over P20O5 under
vaccuum(17.1 g, 37%). M.P.= 150-1520C; [op] =+121.69(c=1.25, DMF); IR(film) 3441,
1191-1097(cyclic ketal); 1H NMR (CDCl3) & 7.48-7.32(M, 5H),5.52(S, 1H), 4.91(dd,
1H, J=7.3, 6 Hz), 4.48(AB, 2H, J=5.6, 5.5 Hz), 4.23(dd, 1H, J=5.5, 11 Hz), 3.90(AMX,
1H, J=10,~10, 5.6 Hz), 3.68(M, 2H), 3.44(S, 3H, OMe), 3.52(S, 3H, OMe), 3.17(d, 1H,
J=6 Hz,0OH); 13C NMR (DMSO) § 137.8 (quaternary, aromatic), 129.2, 128.3, 126.5
(aromatic), 102.7, 101.1, 100.3, 98.0 (3 acetals, hemeacetal), 82.1 (C-4 in glucose
skeleton), 68.5 (C-6 in glucose), 61.5 (C-5 in glucose), 55.8 (OMe), 55.3 (OMe). Anal.
Calcd. for C15H2007: C, 57.67; H, 6.46; O, 35.87. Found C, 57.99; H, 6.49; O, 35.73.
Calculated mass for C15H2007 312.12, m/z 313.00 [MH*]
Acetate derivative: M.P.= 186-1880C; 1H NMR (CDCI3) & 7.31(M, 5H), 5.74(d, 1H,
J=8.1Hz), 5.50(S, 1H), 4.47(d, 1H, J=5.8Hz), 4.55(d, 1H, J=5.7Hz), 4.23(dd, 1H, J=10.9,
5.5), 3.96(ddd, 1H, J=9.7, 9.8, 5.4), 3.83(dd, 1H, J=8.1, 9.7Hz), 3.72(dd, 1H, J=10.1,
10.7Hz), 3.44(S, 3H, OMe), 3.51(S, 3H, OMe), 2.14(S, 3H, OMe). Calculated mass for
C17H2208 354.13, m/z 355.15 [MH].
(2R, 3S, 1''R)-1, 3-O-Benzylidene-1, 2, 3-trihydroxy-2-O-(1'-methoxy-3-phenyl-2-
propen-1'-yl)-5-phenyl-4-pentene (5b)

Benzyltriphenylphosphonium bromide(1.00 g, 1.92 mmol), sodium amide(Instant
Ylide) was stirred in 8 ml of freshly distilled THF for 15 min at R.T. v -r argon. A
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suspension of "dialdehyde methanolate”" (200 mg, 0.64 mmol) in 6 ml of THF was added
to the resulting red-orange solution. After 45 min. at R.T. , 5 ml of 25% NaOH was
added. The organic layer was separated, the aqueous layer was extracted with ether
several times, the organic layers were combined and the solvent was removed. TLC
showed 4 geometric isomers in the product. Flash chromatography on a SiO2 column
with 10% ethyl acetate-hexane gave 222 mg (81%) product, which was not characterized
further since it was a mixture.

(2R, 3S, 1''R)-1, 3-0O-Benzylidene-1, 2, 3-trihydroxy-2-O(1'-methoxy-3'-phenyl-1'-
propanyl)-S-phenylpentane.

To 5a, (0.05 g, 0.12 mmol) in 2 ml of ethyl acetate was added 5% palladium on
activated carbon (2.5mg). After stirring vigorously under H2 for 15 min, argon was
passed through the reaction mixture to replace the hydrogen. After filtering through
Celite, washing with ethyl acetate, combining the filtrates and removed the solvent,
chromatography using 10% ethyl acetate-hexane, gave 40 mg (80%) colorless oil with
[a]D= -59.6(C= 0.51, CHCI3); IR(film) 1951-1721(pattern for monosubstitued aromatic
ring), 1121-1089(ketal); 1H NMR § 7.50-7.16(M, 15H), 5.48(S, 1H), 4.48(t, 1H, J=5.54
Hz), 4.32(broad doublet, 1H, J=6.3 Hz), 3.65-3.62(M, 3H), 3.35(S, 3H, OMe), 3.0-2.7(2
sets of multiplets, 2H), 2.66(t, 2H, J=7.9Hz), 2.37-2.23(M, 1H), 2.13-1.70(M, 3H); 13C
NMR & 141.9, 141.1, 137.8 (3 quaternary aromatics), 128.7, 128.4, 128.4, 128.2, 128.1,
125.9, 125.6 (aromatics), 102.2, 100.7 (2 acetals), 79.4 (C-4 in glucose skeleton), 69.7,
70.0 (C-6 and C-5 in glucose), 53.5 (OMe), 35.0, 33.3, 30.9, 30.7 (4 CH2).

(2R, 3S, 1'"R)-1, 3-O-Benzylidene-1, 2, 3-trihydroxy-2-0-(1'-methoxy-2'-propen-1'-
yl)-4-pentene. (5a)

A mixture of methyltriphenylphosphonium bromide (10.6 g, 25.6 mmol), sodium
amide and 15 ml of freshly distilled THF was stirred 15 min at R.T. Compound 2 (3.0 g,

9.61 mmol) in 30 ml of THF was added dropwise to the yellow solution. After stirring 1
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hr. at R.T. under argon, 15 ml of 25% NaOH was added and the products were extracted
into ether. The organic layers were combined, dried and the solvent rotavaped off.
Chromatography with 2% ethyl acetate-hexane gave 0.79 g of white solid (30%) with
M.P.=61-62°C; [0p]=-49.9(C=1.11, CHCI3); IR(film) 1073, 986; 1H NMR 3 7.50-
7.30(M, 5H), 6.07(ddd, 1H, J=6.0, 10.6, 17.3 Hz), 5.80(ddd, 1H, J=5.1, 10.5, 17.3 Hz),
5.55(S, 1H), 5.49-5.30(M, 4H), 4.89(d, 1H, J=4.9 Hz), 4.37(dd, 1H, J=10.3, 16.1 Hz),
4.17(t, 1H, J=6.9 Hz), 3.68(M.2H), 3.38(S, 3H); 13C NMR § 137.5 (quaternary
aromatic), 134.6, 134.5 (2, olefinic CH), 128.7, 127.9, 125.9 (aromatics), 119.1, 117.8 (2,
olefinic CH?2), 102.1, 100.5 (2 acetals), 80.6 (C-4 in glucose skeleton), 69.8, 68.1 (C-6
and C-5), 53.9 (OMe).

(58, 6R, 1''R)-5, 7-O- Benzylidene-5, 6, 7-trihydroxy-6-O-(1'-methoxy-4'-0x0-2'-
penten-1'-yl)-2-oxo0-3-heptene. (5c)

Compound 2 (0.25 g, 0.8 mmol) was mixed with triphenylphosphoranylidene 2-
propanone (0.765g, 2.4 mmol) and 25 ml of distilled THF was added after refluxing 26
hrs, THF was removed and the residue was flash chromatographed on SiO2 column with
40% ethyl acetate-hexane to give 0.205 g of product (71%), which was not characterized
at this point since it was a mixture of isomers.

(2R, 3S, 1'R)-1, 3-O-Benzylidene-1, 2, 3-trihydroxy-5-phenyl-4-pentene. (6-b)

Compound §-b (0.152 g, 0.355 mmol) in 5 ml of THF was stirred with 5 ml of 0.1N
HCI for 20-24 hrs. at R.T. Ethyl acetate was added and the organic layer was separated,
washed with sat. NaHCO3 and dried and the solvent was removed. Flash
chromatography with 20% ethyl acetate-hexane gave 65 mg (65%) of the product. Two
isomers were separated using HPLC with 22% ethyl acetate-hexane as the solvent. The
cis isomer is an oil whereas the trans isomer was a white crystalline compound.

Cis isomer:[op]=-275.6 (C=0.50, CHCI3); IR (flim) 3500, 1074; lH NMR CDCI3 §
7.51- 7.30(M, 10H), 6.89(d, 1H, J=11.7 Hz), 5.74(dd, 1H, J=9.3, 11.7 Hz), 5.52(S, 1H),
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4.52(t, 1H, J=9.13 Hz), 4.31(dd, 1H, J=10.5, 4.8 Hz), 3.75(M, 1H), 3.62(t, 1H, J=10.4),
1.89(broad peak, 1H, OH); 13Cc NMR CDCI3 d 137.4 (quaternary aromatic), 136.6
(olefinic CHPh), 135.9 (quaternary aromatic), 128.9, 128.8, 128.3, 128.2, 127.7, 127.6,
126.0 (aromatics and olefinic CH), 100.6 (acetal), 76.4 (C-4 in the glucose skeleton), 70.6
(C-6 in glucose), 66.2 (C-5 in glucose). Calculated mass for C1gH1803 282.13, m/z
283.15[MH*] |

Trans isomer: M.P=125-126°C; [ap]=-12.0(C=.41, CHCI3); IR(film)~3500, 1073 ; 1H
NMR CDCI3 8 7.54-7.28(M, 10H), 6.78(d, 1H, J=16.1 Hz), 6.29(dd, 1H, J=7.1, 16.0 Hz),
5.56(S, 1H), 4.33(dd, 1H, J=10.3, 16.0 Hz), 4.17(t, 1H, J=7.5 Hz), 3.72-3.61(M, 2H),
1.95(d, 1H, J=3.5 Hz, OH); 13C NMR CDClI3 & 137.4, 135.9 (2 quaternary aromatics),
134.1 (olefinic CHPh), 128.9, 128.5, 128.2, 128.1, 126.6, 126.1, 125.2 (aromatics and
olefinic CH), 100.9 (acetal), 83.2 (C-4 in glucose skeleton), 70.7 (C-6 in glucose), 65.4
(C-5 in glucose). Calculated mass for C1gH1803 282.13, m/z 283.15[MH]

(2R, 3S, 1'R)-1, 3-O-Benzylidene-1, 2, 3-trihydroxy-4-pentene. (6-a)

Compound S§-a (0.172 g, 0.62 mmol) in 10 ml of THF was mixed with 10 ml of
0.IN HCI and stirred for 1/2 hr. at 40°C. The products were extracted into ethyl acetate,
washed with NaHCO3, dried with MgSO4 and the solvent removed. Recrystalization
from hexane gave 43% of needle-like white crystals with M.P.= 92-930C; [oD]=-
70.0(C=0.38, CHCI3); IR(film), 3440, 1066; lH NMR CDCI3 & 7.52-7.26(M, 5H),
5.99(ddd, 1H, J=6.8, 10.5, 17.3 Hz), 5.55(S, 1H), 5.51(dd, 1H, J=17.3, 1.3 Hz), 5.38(dd,
1H, J=10.5, 1.2 Hz), 4.35(M, 1H), 4.04(dd, 1H, J=7.3, 8.2 Hz), 3.71-3.59(M, 2H), 1.75(d,
1H, J=3.5 Hz, OH); 13C¢ NMR CDCI3 & 137.5 (quaternary aromatic), 134.5 (olefinic
CH), 128.9, 128.3, 126.1 (aromatics), 119.4 (olefinic CH2), 100.9 (acetal), 83.4 (C-4 in

glucose skeleton), 70.7 (C-6 in glucose), 65.2 (C-5 in glucose).
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(6R, 55, I'R) -5,7-0O-Benzylidene-5, 6, 7-trihydroxy-2-oxo-3-heptene. (6-c)

Compound 5-c (0.2 g, 0.56 mmol)in 10 ml of THF was stirred with 0.1 ml of 0.1N
HCl for 3 hrs. at 50°C. Products were extracted into ethyl acetate, washed with
NaHCO3, dried and the solvent rotavaped off. Chromatography with 40% EtOAc-hexane
gave 0.078 g (57%) white crystals, M.P.=108-110°C; [apD]=-43.6 (C=0.83, CHCI3);
IR(film) 3413, 1674, 1075; lH NMR CDCI3 § 7.53-7.36(M, 5H), 7.00(dd, 1H, J=4.6,
16.1 Hz), 6.45(dd, 1H, J=1.7, 16.0 Hz), 5.56(S, 1H), 4.3(M, 2H), 3.6(M, 2H), 3.17(d, 1H,
J=4.9, OH), 2.29(S, 3H, COCH3); 13C NMR CDCI3 § 199.1(carbonyl), 142.4 (olefinic
CH), 136.5 (quaternary aromatic), 130.5, 129.1, 128.2, 126.0 (aromatics and olefinic
CH), 100.7 (acetal), 80.4 (C-4 in glucose skeleton), 71.1 (C-6 in glucose), 65.1 (C-5 in
glucose), 27.6 (CH3).
(E)-5-Phenyl-1,2,3-trihydroxy-4-pentene.

Compound 6-b (0.2g, 0.709 mmol) in 20 ml of THF was stirred with 1 ml of 1IN
HCI for 15 hrs. at 60-65°C. After neutralizing with Ba(OH)2, solvent was evaporated.
The residue was flash chromatographed using 2% hexane-ethyl acetate to give 0.114 g
(83%) of product. Recrystallization from acetone gave white crystalline trans product
(NMR) with M.P.=1230C; [ap]=17.2(C=0.63, THF); IR(film) ~3500; 1H NMR
Acetone-dg 8 7.42-7.18(M, 5H), 6.62(d, 1H, J=16.0 Hz), 6.40(dd, 1H, J=16.0, 6.0 Hz),
4.25(M, 1H), 3.6(M, 4H); 13C NMR Acetone-dg 8 136.0 (quaternary aromatic), 128.8,
128.6, 126.9, 125.7, 124.8 (aromatics and 2 olefinic CH), 73.3, 71.7, 61.8. Calculated
mass for C11H1403 194.09, m/z195.20[MH *].
(E)1-O-t-Butyldimethylsilyl-2, 3-dihydroxy-5-phenyl-4-pentene.(10)

The above triol (60.0 mg, 0.309 mmol) was dissolved in 1 ml of DMF and cooled

down to -78°C. Imidazole (21.0 mg, 0.309 mmol) in 2 ml of DMF was added slowly,
followed by TBDMSCI (46.6 mg, 0.309 mmol). After stirring for 15 min at -78°C, 1/2

hr. at 0°0C and over night at R.T., the solvent was rotavaped off. Passing the residue
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through a column using 70% hexane-ethyl acetate gave colorless oil, 48.2 mg (51%) with
[aD]=+17.2(C=0.01, CHCI3); IR(film) 3409, 1255, 1115, 838; 1H NMR CDCI3 § 7.57-
7.39(M, 5H), 6.86(d, 1H, J=16.0 Hz), 6.42(dd,1H, J=6.1, 16.0 Hz), 4.44(dd, 1H, J=4.7,
10.0 Hz), 3.97-3.87(M, 3H), 3.03(d, 1H, J=5.6 Hz, OH), 2.93(d, 1H, J=5.1 Hz, OH),
1.07-1.04(M, 9H), 0.24(S, 6H); 13C NMR CDCI3 8 136.4 (quaternary aromatic), 131.7
(olefinic CHPh), 128.5, 127.8, 127.7, 126.4 (aromatics and olefinic CH), 74.3, 73.2, 64.2,
25.7 (tBuSi), 18.1 (quaternary tBuSi), -5.6 (SiCH3).
2-Deoxy-5-t-butyldimethylsilyl-1-C-phenyl-D-ribose.(11)

Compound 10 (0.078 g, 0.25 mmol) in 2 ml of THF was cooled to 0°C. Mercuric
acetate (0.081 g, 0.25 mmol) in 2 ml of water was added and left at 0°C for 1/2 hr., and
another 1/2 hr. at R.T. NaOH (4 ml) and 0.008 g(0.25 mmol) of NaBH4 were added to
reduce the intermediate. After adding saturated NaCl extracting into THF, combining the
THF layers, drying with MgSO4 and removing the solvent, the residue was
chromatographed using 75% hexane-ethyl acetate to give 0.05 g (66%) of products.
Rechromatography using 80% hexane-ethyl acetate gave the two anomers separately in
an ou:f3 ratio of 2:3.

o anomer: [ap]=-22.1(c=0.89, CDCI3); IR(film)3423, 1093, 836.; IH NMR CDCI3 &
7.45-7.20(M, 5H), 5.09(dd, 1H, J=6.8 Hz, 8.1 Hz), 4.52-4.43(M, 1H), 4.07-4.01(M, 1H),
3.93-3.87(dd, 1H, J=10.2, 4.0 Hz), 3.74-3.67(dd, 1H, J=10.2, 6.3 Hz), 2.74-2.64(ddd, 1H,
J=6.5, 6.5, 12.8 Hz), 2.08-1.97(M, 1H), 2.01(d, 1H, J=4.4 Hz, OH), 0.93(S, 9H), 0.10(5,
6H); 13C NMR CDCI3 & 142.9 (quaternary aromatic), 128.4, 127.3, 125.6 (aromatics),
84.9 (C-3), 79.8 (C-1), 75.0 (C-4), 64.5 (C-5), 43.0 (C-2), 25.8 (tBuSi), 18.0 (quaternary
tBuSi), -5.5 (SiCH3).

B anomer: [ap]=+8.2(c=0.75, CHCI3); IR(film) 3423, 1088, 836; lH NMR CDCI3 §
7.41-7.19(M, 5H), 5.19-5.13(dd, 1H, 5.7 Hz, 10.0 Hz), 4.47-4.44(M, 1H), 4.00-3.95(M,
1H), 3.90-3.85(dd, 1H, J=3.8 Hz, 10.3 Hz), 3.71-3.64(dd, 1H, J=6.2 Hz, 10.4 Hz), 2.28-
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2.19(ddd, 1H, J=2.1 Hz, 5.7 Hz, 13.1 Hz), 2.08-1.97(ddd, 1H, J=5.9 Hz, 10.0 Hz, 13.1
Hz), 1.92(d, 1H, 3.0 Hz, OH), 0.91(S, 9H), 0.09(S, 6H); 13C NMR CDClI3 & 142.0
(quaternary aromatic), 128.2, 127.4, 125.9 (aromatics), 87.1 (C-3), 79.9 (C-1), 74.7 (C-4),
64.1 C-5), 43.6 (C-2), 25.9 (tBuSi), 18.2 (quaternary tBuSi), -5.7 (SiMe3).
4,6-O-TIPDS-ca-methyl-D-glycopyranoside.(3)

o-Methyl-D-glycopyranoside (1.82 g, 9.37 mmol) in 25 ml of pyridine was cooled
to 0°C. 1,3-Dichloro-1,1,3,3-tetraisopropyldisiloxane (3 ml, 9.38 mmol) was added
dropwise and the mixture was stirred at 0°C for 1/2 hr. under argon. After 3hrs. at R.T.,
the reaction was quenched with methanol and the solvents were evaporated. The residue

was dissolved in chloroform and washed with water and 0.1% NaHCO3. The organic
layer was dried with MgSO4 and the solvent evaporated. Chromatography on the crude
product using 40% ethyl acetate-hexane, gave 2.6 g (58%) of 3, [a]D=+66.2(C=0.55,
CHCI3); IR( film) 3449, 1032; 1H NMR CDCl3 8 4.82(d, 1H, J=3.9 Hz), 4.12(dd, 1H,
J=1.8, 12.6 Hz), 3.89(dd,1H, J=1.3, 12.6 Hz), 3.75(M, 2H), 3.50(M, 2H), 3.40(S, 3H),
2.66(broad singlet,1H,0H),2.42(broad doublet, 1H, OH), 1.06(28H, 4 iPr.); 13C NMR
CDCl3 6 99.3 (anomeric), 74.6, 72.5, 71.8, 69.1, 60.5 (C-2 to C-6), 55.2 (OMe), 17.3,
17.1, 17.0 (CH3, iPrSi), 13.5, 13.1, 12.4 (CH, iPrSi).

Periodic oxidation: Compound 3 (3.00 g, 6.86 mmol) was dissolved in 150 ml of anh.
MeOH. After adding NalO4 (2.94 g, 13.7 mmol) and refluxed for 10 hrs, the precipitate,
was filtered off the solvent removed, and the residue chromatographed with 70% hexane-
ethyl acetate. 2.7 g of an oil was recovered (84%). This product was not characterized
since it was apparently a mixture of the dialdehyde and dioxepan according to the NMR

and TLC.
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(2R, 38, 1''R)-1, 2, 3-Trihydroxy-1, 3-O-(tetraisopropyldisloxane-1,3-diyl)-2-O-(1'-
methoxy-3-phenyl-2-propen-1'-yl)-5-phenyi-4-pentene. (8)

Benzyltriphenylphosphonium chloride (8.59 g, 22.1 mmol) and KOtBu (2.48 g,
22.1 mmol) was suspended in 60 ml of dried THF and stirred for 1/2 hr. The resulting
red solution was cooled under argon to 0°C. .Compound 4 (3.20 g, 7.36 mmol) dissolved
in 20 ml of dried THF was added slowly. After 1/2 hr. the temperature was raised to R.T.
After 20hrs., 25% NaOH (40 ml) was added and the aqueous layer was extracted with
CH2Cl2. Dichloromethane was rotavaped off and chromatography using 4% ethyl
acetate-hexane, gave 2.4 g (56%) of product, [a]D=-69.80(c=1.62, CHCI3); IR(film)
2944, 2866,1464,1027-1117; 1H NMR CDCl3 § 7.25(M, 5H), 6.68(d, 1H, J=15.9 Hz),
6.65(d, 1H, J=11.9 Hz), 6.44(dd, 1H, J=15.9, 5.4 Hz), 5.79(dd, 1H, J=11.9, 7.5 Hz),
5.37(d, 1H, J=7.5 Hz), 4.61(dd, 1H, J=5.4, 9.2 Hz), 4.06(two doublets, 2H, J=12.2 Hz),
3.58(d, 1H, J=9.2 Hz), 3.32(S, 3H), 1.07(M, 28H); 13C NMR CDClI3 § 137.2, 136.0 (2
quaternary aromatics), 133.2, 130.7, 130.1, 129.1, 128.4, 128.3, 128.1, 127.6, 127.1,
126.4 (aromatics and olefinic CH), 97.3 (acetal), 78.1, 69.4, 59.6 (C-4 to C-6 in the
glucose skeleton), 52.6 (OMe), 17.5, 17.4 (CH3, iPr), 13.4, 13.3, 12.9, 12.6 (CH, iPrSi).
(2R, 3R, 1'R)-1, 2, 3-Trihydroxy-1, 3-O-(tetraisopropyldisiloxane-1, 3-diyl)-5-
phenyl-4-pentene.(9)

1 ml of 0.1N HCI was added to the products from Wittig reaction, (8, 0.239 g, 0.409
mmol) in 10 ml of THF. After stirring 4 hrs. at R.T. and extracting the products into
ethyl acetate the combined ethyl acetate fractions were washed with NaHCQO3, dried and
the solvent removed. Chromatography using 30% ethyl acetate-hexane gave 0.111 g
(62%) of yellow oil with [a]p=+60.4(C=0.96, CHCI3), IR(film) 3354, 2943, 2866, 1463,
1085-1053, 885, 691.; 1H NMR CDCI3 § 7.2-7.3(M, 5H), 6.61(d, 1H, J=16.0 Hz),
6.19(dd, 1H, J=15.9, 6.7 Hz), 4.77(broad singlet, 1H, OH), 4.69(dd, 1H, J=5.52, 6.61 Hz),
3.87(dd, 1H, J=4.96, 11.51 Hz), 3.62-3.73(M, 2H), 0.85-1.20(several peaks, 28H).; 13C
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NMR CDCI3 & 136.2 (quaternary aromatic), 131.7 (olefinic CH), 128.8, 128.5, 127.7,
126.4 (aromatics and olefinic CH), 74.8, 74.2, 62.0 (C-4 to C-6 in the glucose skeleton),
17.2, 17.1 (CH3, iPr), 134, 13.3, 13.1, 13.0 (CH, iPr).
Acetate derivative: IR(film) 1747, 1225, 1053; lH NMR CDCI3 § 7.42-7.23(M, 5H),
6.63-6.57(d, 1H, J=15.8 Hz), 6.22-6.13(dd, 1H, J=7.3, 16.0 Hz), 5.24-5.17(ddd, 1H,
J=3.1, 4.6, 7.5 Hz), 4.68-4.63(dd, 1H, J=7.3, 4.7 Hz), 4.45-4.39(dd, 1H, J=3.2, 12.0 Hz),
4.21-4.13(dd, 1H, J=7.4, 12.3 Hz), 2.04(S, 3H), 1.10-0.98(broad peak, 28H); 13C NMR
CDCI3 & 136.2 (quaternary aromatic), 132.4 (olefinic CH), 128.6, 127.9, 127.7, 126.5
(aromatics and olefinic CH), 74.3, 72.8, 62.7 (C-4 to C-6), 20.9 (CH3), 20.7, 17.2, 17.1,
13.3, 13.1 (iPr in TIPDS).
2-C-Chloromercuri-1-C-phenyl-3,5-(tetraisopropyldisiloxane-1,3-diyl)-D-ribose (12).
The above olefin 9 (0.157 g, 0.359 mmol) in 20 ml of absolute ethanol and
Hg(OAc)2 (0.114g, 0.359 mmol) were stirred under argon at S00C for 5 hrs. The
reaction did not go to completion. 10 ml of sat. NaCl was added, the products were
extracted with ethyl acetate, dried using MgSQO4 and the solvent removed, leaving yellow
crystals. Recrystallization from ethyl acetate-pet ether 3:7 gave 0.1g (41%) of yellow
crystals with M.P.=969; [a]p=-20.8(C=0.61, CHCI3); IR(film) 3374(may be from
water), 2943, 2866, 1084, 1056, 884, 697; IH NMR CDCI3 § 7.42-7.31(M, 5H), 5.26(d,
1H, J=11.0 Hz), 4.80(dd, 1H, J=2.6, 5.8 Hz), 4.13(M, 1H), 3.80(broad peak, 2H),
2.84(dd, 1H, J=10.99, 5.67 Hz), 0.9-1.2(M, 28H); 13C NMR CDCI3 8 139.3 (quaternary
aromatic), 128.8, 128.5, 126.3 (aromatic), 87.3 (C-3), 83.4 (C-1), 75.3 (C-4), 67.1 (C-2),
62.9 (C-5), 17.8, 17.7, 17.6, 17.3, 17.2 (CH3, iPr), 13.4, 13.3, 12.9 (CH, iPr).
2-Deoxy-1-C-phenyl-3, 5-(tetraisopropyldisiloxane-1,3-diyl)-D-ribose.(13)
Chloromercuri compound (30 mg, 0.0068 mmol) was dissolved in 2 ml of methanol
and sodium borohydride (26 mg, 10 eq) was added. After stirring at R.T. for 1/2 hr,
quenching with 1 ml of 0.1N HCI, and extracting into dichloromethane, 20 mg (67%) of
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colorless oil was isolated. Chromatography using 80% pet. ether and ethyl acetate gave
material with IR (film) 1056; 1H NMR CDCl3 § 7.40-7.25(M, 5H), 5.19-5.13(dd, 1H,
J=9.1, 6.3 Hz), 4.70-4.65(ddd, ~pentet, 1H, J=3.2 Hz, 3.5 Hz, 6.4 Hz), 4.00-3.95(dt, ~ dd,
1H, J=4.1 Hz, 3.8 Hz), 3.79-3.77(d, 2H, J=4.3 Hz), 2.34-2.25(ddd, 1H, J=12.9 Hz, 6.4
Hz, 3.1 Hz), 2.09-1.97(ddd, 1H, J=12.9 Hz, 9.2 Hz, 6.4 Hz), 1.17-0.90(broad peak, 28H);
13C NMR CDCI3 § 128.5, 127.7, 126.0 (aromatics), 86.7 (C-3), 79.8 (C-1), 72.1 (C-4),
62.3 (C-5), 43.7 (C-2), 17.3, 17.1 (CH3, iPr), 13.4, 13.3, 13.2, 12.8 (CH, iPr).
6-Uracilylmethyltriphenylphosphonium chloride.

6-Chloromethyluracil (1.6 g, 10 mmol) was dissolved in 110 ml of ethanol by
refluxing. Triphenylphosphine (4.0 g, 15 mmol) was added and refluxing continued for 1
1/2 days. 50 ml of ethanol was removed by distillation. The mixture was cooled and the
precipitate filtered. Recrystallization from ethanol gave 4.0 g (95%) of white crystalline
product with M.P.= ~2000C (dec.); IR(KBr disc) 3449, 3045, 2808, 1719, 1674, 1436,
1106, 724, 684; 1H NMR (DMSO+D20) & 7.93-7.68(M, 15H), 5.24(M, 2H), 4.15-
4.08(M, with the HOD peak), 3.41(q, 2H, J=7.0 Hz), 1.00(t, 3H, J=7.0 Hz); the last two
peaks are from the crystalline ethanol; 13¢ NMR (DMSO+D20) 3 164.2 (C-4, carbonyl),
151.2 (C-2, carbonyl), 144.9, 145.0 (quaternary aromatic and olefinic C-6), 136.6, 134.5,
131.2 (aromatics), 116.9 (CH2PPh3), 103.6 (olefinic C-5).
(Bis-O-Trimethylsilyl)-6-chloromethyluracil

6-Chloromethyluracil (5.0 g, 0.03 mol) was dried at 75°C under high vacuum for 24
hrs. and hexamethyldisilazane distilled over CaH2 (15 ml) and dried over 4A° molecular
sieves was added. After refluxing for 7 hrs. and adding anh. K2CO3 excess
hexamethyldisilazane was distilled off. Colorless oil (7.7 g, 81%) was collected at

1759C/1mm Hg. The product was extremely water sensitive and hence stored in a glove

box. lH NMR DMSO-dg 8 6.55(d, 1H, J=1.3 Hz), 4.53(S, 2H), 0.32(S, 18H); 13¢
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NMR(off resonance) & 170.1(S, C-2), 167.8(S, C-4), 162.5(S, olefinic C-6), 102.1(d,
olefinic C-5), 44.6(t, CH?2), -0.1(q, Si Me3).
Diethyl-6-uracilylmethylphosphonate

6-Chloromethyluracil (1 g, 6.23 mmol) was refluxed for 18 hrs. with 10 ml of
triethyl phosphite while bubbling argon through the reaction mixture. Triethyl phosphite
was rotavaped off, products were passed through a column using ethyl acetate-
hexane(1:1) mixture and then pure methanol, and the phosphonate (1.25 g, 77%) was
recrystallized from methanol to give white crystals with M.P=2140C; IR(KBr disc) 1713,
1671, 1202, 1269, 1404, 1016, 873; 1H NMR DMSO-dg & 11.03(broad singlet, NH),
10.79(broad singlet, NH), 5.38(d, 1H, J=1.9 Hz), 4.09-4.00(M, 4H), 3.00(d, 2H, J=22.3
Hz), 1.21(t, 6H, J=6.8 Hz), 13C NMR 163.7 (C-4, carbonyl), 151.3 (C-2, carbonyl),
148.0(olefinic C-6, J=8.6 Hz), 100.0(olefinic C-5, J=6.6 Hz), 62.2(0CH2, J=7.0 Hz),
29.4(CH2, J=134.3 Hz), 16.2(CH3, J=5.5 Hz).
Diethyl (bis-O-trimethylsilyl)-6-uracilylmethylphosphonate

(bis-O-Trimethylsilyl)-6-chloromethyluracil (20 g, 0.065 mol) and 100 ml of
distilled triethyl phosphite were refluxed for 10 hrs. Argon was bubbled through the
refluxing solution using tephlon tubing. Excess triethyl phosphite was removed at
559C/30 mm Hg and a yellow oil (24.2 g, 91%) was collected afterwards. The product
was redistilled at 2009C/0.5-1 mm Hg to give a colorless oil with IH NMR CDCI3 §
6.30(d, 1H, J=2.5 Hz), 4.00(M, 4H), 3.00(d, 2H, J=22.3 Hz), 1.21(t, 6H, J=7.1 Hz), 0.26
and 0.25(S, 18H); 13C NMR CDCI3 § 170.0 (C-2), 164.0 (C-4), 163.9 (olefinic C-6),
103.8(olefinic C-5, J=5.0 Hz), 62.1(0OCH2, J=5.8 Hz), 35.6(CH2, J=134.6 Hz),
16.1(CH3, J=5.5 Hz), 0.1 (SiMe3).
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2.1 Introduction

N-Acetylneuraminic acid (NANA or NeuAc) was identified by Gottschalkl during
his examination of the action of influenza viruses on various mucoproteins. His
observation was that the influenza virus was selectively adsorbed to and afterwards
spontaneously discarded from erythrocytes and infectable tissue cells. The receptor to
which the virus particle is attached was identified as N-acetylneuraminic acid? which
occupies the terminal position of glycoconjugates. This was characterized as a sugar with

9 carbons as shown in Fig 2.1.

OH
Fig 2.1: N-acetylneuraminic acid

N- And O-acylated derivatives of neuraminic acids are known as sialic acids. Sialic
acids are essential constituents of many glycoproteins, glycopeptides and glycolipids, and
are usually found at the terminal position of the glycoconjugate. Widespread occurrence
of this sugar in biological systems is attributed to its central role in recognition processes.
Many of the functions of sialic acids are not fully understood, but known phenomena3
can be presented as follows.

1. Negative charge on the cell membrane. As many as 107 sialic acid residues
are bound to a single human cell, and the charge associated with the cell membrane is
mainly due to these sialic acid residues. The negative charge on the cell surface helps to
prevent aggregation by electrostatic repulsion and facilitate aggregation by calcium
bridging. Due to the negative charge necessary ions can be easily transported into the

cell.
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2. Information transfer. Sialic acids on cell surfaces act as biological receptors
and interact with hormones, enzymes, viruses, toxins, antibodies, lectins and circulating
glycoproteins. One very important example is recognition of influenza virus# by sialic
acid. Two viral glycoproteins are involved in this process, namely hemagglutinin and
neuraminidase. Hemagglutinin mediates the attachment of the virus to the cell surface
receptor, sialic acid, and fusion of the virus membrane with the cell membrane. It has
been found that NANA completely occupies the viral binding pocket which consists of
different amino acids in hemagglutinin. Neuraminidase aids in the release of the budding
virus from the cellular surface. It also prevents attachment of sialic acid to complex
oligosaccharides in hemagglutinin. In the absence of neuraminidase, virons are silylated
and form large aggregates.

NANA has been identified as a component of different antigensSa'b such as
sialosyl-Le? antigen (sera of patients with pancreatic cancer), disialosyl-Le? (identified as
circulating antigen in variety of cancers including gastric, colonic, lung and pancreatic),
sialosyl-Lc4 antigens (colon cancer tissues). Sialic acid-containing receptors have also
been implicated in the adherence of Mycoplasma pneumoniate to erythrocytes>¢ and
other cell types.

3. Control of cell-cell recognition processes. This is important during embryonic
- development, and in the formation of tumors and their dissemination. In both cases
cellular aggregates release cells that migrate and adhere again to each other or to different
cells. Another important cell-cell recognition process where sialic acid plays a major role
is in the inflammatory response.63-C It is known that leukocytes tend to stick to the
endothelium in the area of injury, but not to the places beyond that area. This recruitment
of leukocytes to the site of inflammation is mediated by ELAM-1 (endothelial leukocyte
adhesion molecule-1) on the wall of blood vessels. Cell adhesion by ELAM-1 was

shown to be mediated by a tetrasaccharide known as sialyl-Lewis X (LeX) which is found



62

on cell-surface glycoconjugates in leukocytes [sialyl-Lewis X = NeuAc-o (2—>3)-Gal-$
(1—4)-fuc-a (1-—>3)-Glu NAc]. Recent literature shows that the binding domain in
sialyl Lewis X is about 10A and sialic acid and fucose are located in this region.

An important part of the body's defense mechanism is the dissemination of
lymphocytes throughout the body. To carry out this task endothelial cells of different
lymphoid organs must display surface adhesion molecules. Sialic acid residues6d on
endothelial cells seem to be involved in this lymphocyte attachment.

4. Protection of the cell from recognition (anti-recognition)’2 and degradation.
This terminal sugar residue exists on the cell surface to protect the cell from
identification and degradation by the surrounding immune system. It is known that
younger cells have a higher sialic acid content than older ones; thus, sialic acid has a
profound effect on the life span of blood components like erythrocytes (red blood cells).
It can mask neighboring galactose or galNAc residues (terminal Gal)7b by direct
glycosidic linkage or masking of sites located further along the chain or on neighboring
molecules by bulk effect.

5. Cell adhesion. Several studies have suggested that cell surface sialic acid may
be playing a role in determining the metastatic properties82 of neoplastic cells.

6. Participation in the signal transmission8? in nerve cells. High accumulation
of gangliosides and glycoproteins on neuronal membranes is due to their involvement in
excitation, transmission, and storage of neuronal information. These functions seems to
be performed by their carbohydrate chain with terminal sialic acid, which has binding
capability to calcium. During the state of resting potential the synaptic membrane stays
"closed" due to the lipophilic Cat+-sialic acid complexes. An electrical impulse can
cause these Cat™ ions to be displaced by potassium ions making the membrane more
hydrophilic. The change in complexation causes a change in the permeability at the

synap resulting the release of the neural transmitter.
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NANA has been isolated from natural sources by cleaving the glycosidic linkage
chemically using dilute acids, or enzymatically using sialidases. The most commonly
employed substrate in the early days was edible bird's nest substance or submandibular
gland glycoproteins.9 NeuAc isolated from cow's milk is available from Genzyme. Very
recently Chemica Alta Ltd. started marketing gram to kilogram quantities of NANA
extracted from hen egg products.

The biosynthetic pathway for Neu5Ac has been analyzed, and it is known to be one
of the most complex biosynthetic routes of all the carbohydrate components of
glycoproteins and glycolipids. There are three known biosynthetic pathways for the
production of NeuSAc as shown in Scheme 2.1. In the first two processes N-
acetylmannosamine (ManNAc) reacts with pyruvic acid or with enol-pyruvate phosphate.
The final method is the coupling of phosphoenol pyruvate to N-acetylmannosamine-6-

phosphate (ManNAc6P). To complete this last synthesis a different enzyme cleaves the

phosphate group on C-9.
Io) Acylneuraminate
ManNAc /u\r OH Pyruvate-lyase » NANA
Me
(0]
OP
Neu5Ac synthase
ManNAc /\n,OH Y > NANA
(o)
OoP
OH  Neu5Ac9P synthase
ManNAc6P » NANA9P
o)

Scheme 2.1: Biosynthetic pathways for NANA.

This knowledge has been applied to synthesize NANA using enzymatic methods.

In the enzymatic synthesis of NANA, N-acetylneuraminic acid aldolasel0 and
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acetylneuraminate pyruvate-lyase11 have been used as the catalyst for the aldol

condensation of pyruvate and N-acetylmannosamine.

OH
OH HO CO,H
o A o) + NeuAc Aldolagse OH
C
OH H3C COZ- AcHN ;
OH OHHO

Scheme 2.2: Enzymatic Method for the synthesis of NANA.

Both these enzymes have been used in immobilized form to ease the separation of
the reaction products from the enzyme. Acetylneuraminate pyruvate-lyase immobilized
on agarose has been used in condensation of a crude mixture of N-acetylmannosamine
and N-acetylglucosamine with pyruate to obtain a 40% yield of NANA.

A detailed procedure for the synthesis of NANA on a 30-50 mmol scale was
reported by Chi-Huey Wong12 where NeuSAc aldolase has been used as a soluble
enzyme as well as an insoluble PAN-immobilized form. The enzyme is commercially
available from microbial sources, and 67% yield is reported for the reaction with the
immobilized enzyme.

A different technique was introduced by Whitesides13 where the aldolase in its
soluble form was enclosed in a commercially available dialysis membrane. This
technique is known as MEEC (membrane-enclosed enzymatic catalysis). It is reported
that this method is superior to immobilization since it does not deactivate the sensitive
proteins.

Though the specificity of the enzyme (NeuAc aldolase or acetylneuraminate

pyruvate lyase) towards pyruvate is critical, literature shows the enzyme accepts various
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substrates14 in place of N-acetylmannosamine. It seems that this observation is quite
useful in the synthesis of derivatives of NANA, but studies have shown the enzyme
tolerates substitutions mainly at C-2 and C-6 in N-acetylmannosamine.

Enzymatic synthesis is certainly advantagous when preparing activated NANA,
cytidine 5'-monophosphate-N-acetylneuraminic acid (CMP-NeuAc.S),15 which is
important in the sialylation of glycoproteins and glycolipids. It seems purification of the
products can be avoided during this synthesis, making the process more practical.

Chemical synthesis of NANA has been explored by several groups and the first few
synthetic strategies use the obvious retro-aldol disconnection, between C3 and C4, as
shown in Scheme 2.3.

Since mild basic cleavage of NeuSAc gave N-acetylglucosamine it was originally
thought that the 6-carbon fragment had the gluco configuration. The initial experiment
on condensation of pyruvic acid with N-acetyl-D-glucosamine gave no desired product.
Condensation of glucosamine with pyruvic acid gave pyrrole-2-carboxylic acid in 20%
yield. Formation of this unexpected product can be visualized by the initial formation of
a Schiff base which makes the aldol condensation an intramolecular reaction.
Replacement of pyruvic acid by oxaloacetic acid makes the methylene group more
reactive and under basic conditions oxaloacetic acid condensed with N-
acetylglucosamine to give 8.5%16 of NANA.

In 1958 Comb and Rosemanl? enzymatically cleaved human plasma NANA and
identified the products as pyruvic acid and N-acetylmannosamine, and not N-
acetylglucosamine. This led to the study of the condensation of N-ace:tylmannosamine18
with oxaloacetic acid. Under aqueous alkaline condition it gave only 1-2% of the desired
compound, which is similar to the products obtained from the condensation with N-

acetylglucosamine. Isolation of identical products from glucosamine and mannosamine
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appeared to be due to the epimerization of the two amino sugars under the basic

conditions.
OH OH O o)
HO : - M /'\"/OH J. W. Comnforth et al.;
: + ¢ Biophys. Acta, 39, 161, 1960.
OH NHAc 0]
QH QH Q 0) ) J. Brug et al.; Nature, 182, 1159,
HO 1958
. H + OH '
i HO M. J. How et al.; Carbohydrate
OH NHAc (0] Res., 11, 313, 1969.
O O
OH QH 0 Ot-Bu R. Kuhn et al.; Justus Liebigs
HO . g + t-BuO)‘\/\( Ann. Chem.;_659, 156, 1962.
i O
OH NHAc
\~O NHAc i A. Vasella et al.; Helv. Chim.
Ph O&&N . Br/\rk Ot-Bu  Acta, 69, 1205, 1986.
HO NO,
pr’\ O oK 0
O —» —» NANA

HO Ot-Bu

o

Scheme 2.3: Coupling of 6-carbon and 3-carbon units to obtain NANA.

Several improved syntheses have been reported afterwards with minor

modifications to obtain better yields. Conforthl9 tried to improve the synthesis by
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optimizing the pH, which led to the isolation of 8-11% NANA at pH 11 from N-
acetylmannosamine and pyruvate. Use of borate ion as an epimerization inhibitor20 at
pH 10 improved the yield to 21.6% for the condensation of oxaloacetic acid with N-
acetylmannosamine. Instead of oxaloacetic acid, di-tert-butyloxaloacetate2! has been
used as the potassium salt with ManNAc to give a lactone, which upon treatment with
base decarboxylates to NANA in 34% yield.

Extension of the N-acetylmannosamine carbon chain in a stepwise fashion was an
alternative approach to NANA. Aldose chain extensionZ2 can be achieved by Kiliani's
chain extension where the hemiacetal reacts with cyanide, nucleophile or by using
nitroalkane under basic conditions (Henry reaction). Mirzayanova et al.23 transformed
the cyanohydrin obtained from the reaction of cyanide with N-acetylmannosamine to the
homologated aldehyde which in turn reacted with a stabilized phosphorane ylide to give

the 9 carbon sugar as shown in Scheme 2.4.

OH OH O 1. HCN/EtsN/DMF OAc (=)Ac OAc
HO H , 2. AcyO/Py. _ AcO : H
E 3. Hy/Pd-BaSO4/MecOH H
OH NHAc /P M OAc NHAcO
OFEt

M. N. Mirzayanova et al.; Z. Obshch. Khim., 40, 693, 1970. | pp.p= (- cOOEt

OAc OAc OAc OEt

AcO
CO,Et

OAc NHAc

Scheme 2.4: Carbon chain extension in stepwise fashion to obtain NANA



68

M.'B. Perry24 used the second method (Henry reaction) which uses nitromethane to
increase the number of carbons. During this stepwise assembly the first and the second
carbons were added using nitromethane and the third was added as a nitrile, which in turn
was converted to the carboxylic acid. During this procedure the hydroxyl functions were
differentially protected as required.

Vasella et al.25 disclosed a very interesting route to NANA making use of the same
disconnection. They reverse the electronic requirement for the C-3, C-4 bond formation
by choosing a nucleophilic 6-carbon component and an electrophilic 3-carbon
component. The anion generated from 1-nitromannosamine was condensed with 2-
(bromomethyl)acrylate to obtain a 9-carbon sugar, later manipulated to NANA.

Danishefsky26 completed the total synthesis of NANA from non-carbohydrate
precursors through diene-aldehyde cyclocondensation (hetero-Diels-Alder). A furan
group was used as the masked carboxylic acid moiety. Generating the sidechain
hydroxyl groups by stereoselective osmylation of the Z-enolate and introducing the amine
group as azide towards the end of the synthesis are some key features of this synthesis.

Although the practical implications of a new synthetic methodology for NANA
itself is not of much use, it would be necessary for the preparation of analogues. There is
a great deal of interest in NANA-like compounds capable of binding to HA, but resistant
to NA.29

The polyhydroxylated side chain in NANA seems to play an important role in
relation to the process occurring on cell surfaces. The unique presence of the
polyhydroxylate side chain certainly deserves more attention, since derivatives in place of
these hydroxyls would help in learning the biological roles of these functionalities.

Apart from the above, analogues of NANA modified at C-4 are important in

studying the mechanisms of neuraminidases.27 It is known that the hydroxyl at carbon-4
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lies outside of the binding pocket of hemagglutinin. Therefore substitution at C-4 would
not have any effect on binding to HA. In contrast, NA binds to sialic acid having the C-4
hydroxyl buried inside the viral protein. Changing configuration and differential
substitution at C-4 should help to prevent binding to NA causing resistance to cleavage
by NA. This eliminates a possible pathway by which sialoside-based viral inhibitors can
be removed due to the action of NA. J. R. Knowles has observed that protection of the
hydroxyl group at carbon-4 by fluorescent aromatic substituents enhanced the binding of
sialic acid to viral HA, and slowed the action of NA on the sialoside. The knowledge
about the binding of sialic acid with HA would definitely help in the design of inhibitors
to stop the viral attachment to the cell. The natural inhibitors like antibodies can identify
the point mutations in the viral protein which are away from the sialoside binding site.
Viruses take advantage of this mechanism and undergo mutations away from the sialic
acid binding site that prevent binding to the natural inhibitors without any alteration to
the binding with sialic acid. In developing a sialoside-based inhibitor, 28 since it deals
with the specific sialic acid binding region, mutations at this location would affect the
binding to the natural ligand as well. In synthesizing inhibitors it has been found that
apolar aromatic aglycons enhance the binding. This shows the significance of studying
different derivatives of NANA.

Even though HA simply recognizes the terminal sialoside of the cell surface
glycoconjugates during infection by influenza virus, monovalent sialosides bind only
weakly to HA. This observation led to the evolution of another theory that the interaction
of several sialosides with the virus takes into consideration. In the study of polyvalent
interactions29 one needs to be able to synthesize polymeric sialosides.

This account shows the significance of NANA, and most importantly its derivatives

in the study of the role of sialic acid in recognition processes. Since the available
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approaches do not cover the synthesis of all analogs it is worth pursuing the total
synthesis of NANA via a different approach.

The method that we pursued involved breakage of the C-3, C-4 bond. The
following sections shows the mannipulation of glucosamine-HCI to yield a fully
protected mannosamine derivative as the 6-carbon fragment and the chemistry developed

with regard to stereoselective C-C bond formation.
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2.2 Mannosamine configuration from glucosamine: Route to six-carbon synthon in
NANA.

Retrosynthetic analysis of NANA shows the left six-carbon fragment has all the
hydroxy! substituents as well as the amine in the mannosamine configuration. A practical
disadvantage of using mannosamine-HCI as the starting material is the high cost of this
compound. Since glucosamine-HCI is about 20 times cheaper than mannosamine-HCl we
decided to employ glucosamine-HCl in this synthetic strategy aiming to epimerize

carbon 2 at a latter stage.

Stereoselective carbon-3, carbon-4 bond formation to obtain threo-f-amino alcohol
from N-diphenylmethylene-protected oi-amino esters has been studied in our 1ab.30 The
anomeric carbon in glucosamine-HCI requires oxidation to the acid oxidation state. Since
the synthon for the coupling is a N-diphenylmethylene-protected Schiff base ester, this
would be an ideal candidate to carry out the epimerization (Scheme 2.5). The acidity of
the o-carbon was well studied,31 and it is expected to have pKa >23. Conversion of the
free amine to the Schiff base not only helps in the chelation control of C-C bond

formation in the coupling, but also will enhance the acidity of the a-carbon, hence milder

basic conditions should be required for epimerization.

(o) 0
N N
Ph—-( Ph—(
Ph Ph

Scheme 2.5: Epimerization of oc amino esters
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Deracemization by enantioselective protonation in enantiomeric enrichment of a
racemic mixture has been applied to carbonyl compounds,32 as well as Schiff bases of
a—amino esters.33 This has been carried out by protonation of the enolates of racemic
Schiff base esters by an optically active acid as shown in Scheme 2.6.

Work done by C. Fehr34 in 1988 for enantioselective protonation of ester enolates
shows that the chiral reagent should be weakly acidic (pKa=15-20) to allow better
transition state discrimination. The chiral acid should also contain electron rich groups
with chelation ability which enhance the conformational rigidity in the transition state.

He used ephedrine derivatives as the proton source.

o) OLi 0O
R » R R
\,/U\OMe \%\OMe \(u\OMe
N LDA, -78°C Chiral acid
_._—.__._>
Ph OCOR’
+) R'OCO-|-H Opuaally active
COOH

Scheme 2.6: Epimerization of N-(diphenylmethylene)protected amino esters

Earlier, in 1986, L. Duhamel studied the effect of different secondary amines prior
to the protonation step, where the amine exchange (Scheme 2.7) resulted in enhancement
of stereocontrol. This prompted the use of secondary chiral amine to have double
asymmetric induction. In order to enhance the optical yield selection of the proper chiral
acid and chiral amine seems to be very important. In the absence of a chiral acid, a chiral

amine with an achiral acid was enough to induce a significant chiral yield.
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OMe OMe
R 1 'li"z R
LiHMD R 3
Racemic mixture __E_» Z /O _&R__» 7~ /O
AN F AN L
" \ o \
Ph HMDS Ph
7A%
'R 2R3
chiral acid
Optically pure product

Scheme 2.7: Epimerization of N-(diphenylmethylene)protected amino esters

Due to the availability of this well-studied system for the conversion of one
enantiomer to its antipode, and since similar substrates had been used in our lab with
nucleophiles to obtain B-hydroxyamines, we selected N-diphenylmethylene as the
protecting group for the amine (Scheme 2.8). This left identification of proper protecting
groups for the four hydroxyls. The synthesis of 4,6-benzylideneglucosaminic acid methyl
ester3? is known, hence we decided to follow the literature procedure to get the starting
material. Of the different catalysts that have been used, yellow mercuric oxide seems to
be the best and was used as the oxidant in converting glucosaminic-HCI to glucosaminic
acid. Protection of 4,6-hydroxyls with benzaldehyde with anhydrous HCl proceeded
well, but purification of 14 was extremely difficult. After recrystallization with MeOH,
MeOH/pyridine and various other solvents had failed, we decided to form the methyl
ester using the crude 4,6-benzylideneglucosaminic acid with acidic MeOH. After
protection of the free amine with benzophenone Schiff base,36 this allowed us to

chromatograph the product 15 to obtain the desired foamy solid.
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HO o
HO P h/v OH
HO 1. HgO, 49% yield 0
e -

NH,H . HO COOH
2. PhCHO/an.HCl, 40% yield (14) NH,HCI
1. MeOH/H*
Ph,C=NH 2. PhyC=NH
- CO,
P h/v OH Ph/v
Y OH
HO Ph HO COOMe
N=
Ph
41% yleld
(15 )

Scheme 2.8: Partially protected glucosaminic acid

The two secondary hydroxyl groups in 15 were yet to be protected, and differential
protection could be secured due to the presence of the Schiff base B to one hydroxyl-
making it chemically distinguishable (discussed in Section 2.3) from the other. Due to
imine-oxazolidine tautomerism, we believed that the 5-hydroxyl should be more easily
protected than the 3-secondary hydroxyl group. Indeed, selective protection of the 5-
hydroxyl by TBDMSCI proceeded but the reaction did not go to completion even at
elevated temperatures. One explanation is the steric bulk of this protecting group.
Finally, the last hydroxyl was protected using TMS-imidazole to provide 16 in 92% yield.
It was shown that a higher yield of 17 (98%) could be obtained using neat TMS-

imidazole. Chemical shift equivalence of the C-2 and C-3 protons, and the coupling
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constant of zero for H-3, H-4 in the IH NMR for compound 16 were initially surprising.
According to the Karplus equation, a coupling constant of zero is observed when the
dihedral angle is 90°. This shows that the steric repulsion of the protecting group on the
5-hydroxyl and the substituents on carbon 2 made the molecule orient to avoid steric
hindrance (Scheme 2.9). If this hypothesis is correct, change in the steric bulk of the
protecting group on the 5-hydroxyl should have an effect on the conformation hence the
coupling constant should deviate from zero. Indeed, the derivatives showed increases in
coupling constant when going from TBDMS to TMS ether and to acetate. Furthermore,

the proton correlation was proved by the use of 2D COSY (page 76) for the bis TMS-

compound.
PN\ otepms PR N\ otms P\ OAc
TMSO NCOOMe TMSO COOMe AcO NCOOMe
(16) Ph/kph aa7) Pk Ph (18) Ph/LPh
J;4=0Hz J;4=1.5Hz J,4=2.1Hz

Scheme 2.9: Fully protected glucosaminic acid

The final step for this fragment is the conversion of the glucosamine configuration
to the mannosamine configuration. Treatment of silyl-protected compounds with LDA

and LiHMDS at -78°C gave only the starting material. This result may be due to the fact
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that the glucosamine configuration of this derivative is far more stable than the

mannosamine
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configuration, or the lack of formation of the enolate. To identify the cause one must try
to trap the enolate. Deuterium incorporation and alkylation with methyl iodide both
failed, leading us to conclude that the enolate was not formed. It is known that partial
deuterium incorporation can arise from H-bonding between Li enolates37 and secondary
amines. This can lock the enolate in the original conformation, resulting in starting
material after protonation. This bonding ability can be avoided by converting the
secondary amine to the lithiated amine, using one equivalent of nBuLi. Hence treatment
with LDA or LiHMDS was followed by 1 eq. of nBuLi before protonation. This again
resulted in starting material, leading us to believe that the enolate was not formed at
-789C. In reasoning out this experimental behavior we thought it is either be due to the
low acidity of the proton, or the a-carbon is sterically hindered and the base cannot reach
the proton. Low acidity cannot be the reason when one considers the literature precedent
and the ability of the anion to conjugate with the imine. J. P. Lavergne38 reported a
successful addition of diphenylmethylene glycinate to aldehyde functionality on ribose
and galactose to get partially protected glycosyl-B-hydroxy-o—amino esters. But when
compound 19 was treated with LDA, LiHMDS it underwent retro aldol condensation

giving the N-diphenylmethylene protected glycine methyl ester (Fig 2.2).

Ph/v Ph/v %orm:s\

OTBDMS
j{-o - COOMe = Base*.H
Base:
Ph)lk Ph J{
(19) Ph" "Ph

Fig 2.2: Basic treatment cause Retro aldol to proceed.
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It should be noted that there should be an orbital overlap for the enhancement of

acidity due to the Schiff base. A CPK model shows that the a—carbon is sterically

crowded, so one needs to identify different protecting groups for the glucosamine for this

epimerization to succeed.

Table 2.1: 1H NMR data for 4,6-benzylidene protected glucosamine derivative

6
p  H o
Ph/vO H oX
X0 NCOOMe
Ph/k Ph
Chemical shifts (ppm)
15* 19* 16 17 18

H-2 4.48-3.90 4.18-4.08 4.67 4.67 4.78
H-3 4.59 448 4.67 4.67 5.89
H-4 3.69 3.49 3.74 3.64 4.34
H-5 4.48-3.90 4.18-4.08 4.00 4.00 4.88
H-6 4.48-3.90 4.18-4.08 4.32 427 4.34
H-6' 3.57 ~3.41 3.62 3.56 3.61
H-1' 5.49:5.39 5.37:5.29 5.40 5.31 5.73

(1:3) (1:7)

* 1H NMR chemical shift assignment was difficult due to the imine-oxazolidine tatumerism.



Coupling constants (Hz)
15

J2-3 7.1

J3-4 3.4

J4-5 9.2

J5.6 -

J5-6 ~10.3

J6-6 ~10.3

19
6.7
14

16
8.1
0.0
9.0
5.1
10.2
10.2

17
8.5
1.5
9.0
5.1
10.3
10.3

79

18
9.1
2.0
9.7
3.2
10.3
10.3

Table 2.2: 13C NMR data for 4,6 benzylidene-protected glucosamine derivative.

14
C-1 172.1
C-2 57.9%
C-3 70.2
C-4 82.7
C-5 59.9*
C-6 65.7
Cc-1 101.3
* Assignments may be reversed.

15
171.6
60.6*
78.5
80.3
62.6*
70.8
101.0

19
171.5
60.4
77.1
80.7
63.3
71.8
101.0

16
171.4
62.5
71.9*
81.5
67.3
71.5*
100.4

17
171.6
63.1
71.8*
81.8
67.1
71.7*
100.4

During the search for different protecting groups for the hydroxyls, we decided to

change the route to obtain a different N-diphenylmethylene-protected o-amino ester. The

second and third steps in the previous route, i.e. protection of 4,6-hydroxyl groups and

conversion of the acid to the methyl ester, proceeded in low yields because of the

presence of a free amine made it difficult to purify the products.
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This made us change the order of the protection as shown in Scheme 2.10.

Glucosaminic acid was converted to the methyl ester using SOCI2 and methanol in 98%

yield to obtain white crystalline product, followed by subjection of the ester to

benzophenone imine in acetonitrile to give the N-diphenylmethtylene-protected a-amino

ester in 84% yield, after recrystallization using hexane and ethyl acetate.

Ph
A

OH NH,.HCl l.MeOH/SOC12(98?2 OH N7 Ph
HO Y COOH 2. Benzophenone imine
OH OH 84% yield HO % COOMe
Glucosaminic acid'HCI OH OH (20)
2,2-dimethoxypropane
79% yield

Ph

Ph
)‘Ph OH )\Ph

OAc
0" COOM: Ac,O/pyridine 0" COOMe
C O OH

Scheme 2.10: Fully protected glucosaminic acid

Since the 4, 6-benzylidene protection locks the molecule in a chair conformation,
we decided to protect the 5, 6-hydroxyls as the acetonide. It is known that 2,2-
dimethoxy-propane favors 1, 2-protection in the presence of a 1, 3-diol. The diol
obtained needed to be differentially protected before the epimerization. 1H NMR and
13C NMR of compound 21 are not clean even after column chromatography. The 13¢
NMR clearly showed the presence of 3 major peaks at 109.1, 100.9 and 89.7 ppm. The
only expected peaks in this region are for the ketal from the acetonide and the quaternary
carbon in the oxazolidine ring. Our suspicion at this point was the possibility of

tetrahydro-1,3-oxazine formation of the Schiff base with the carbon-4 hydroxyl group.
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Close examination of the 13C NMR shows the presence of 3 peaks around 109ppm,
namely at 109.6, 109.1, and 108.9 in 10:86:4 ratio, which proves the presence of two
other compounds besides the acyclic diol. Bis-acetate 22 was synthesized and proved
that the peaks at 100.9 and 89.7 ppm were due to imine-oxazolidine tautomerism. Apart
from that, instead of 3 peaks for the acetonide quaternary carbon there was only one peak
at 109.2 ppm. Selective protection of these two hydroxyls was questionable due to the
involvement of both the hydroxyls in the tautomerism. Protection with TBDMSCI,
MOMC, dichlorodimethylsilane using 1-hydroxybenzotrazole as a catalyst and bis-silyl
protection with 1,3-dichlorotetramethyldisiloxane failed. Further studies need to be done
in conversion of compound 21 to fully-protected glucosamine derivative before working

on the epimerization.

Table 2.3: 1H NMR data for acetate-protected glucosamine derivative

Chemical shifts (ppm)

H-2 H-3 H-4 H-5 H-6 H-6'
20 (OAc) 4.20 5.87 5.51 5.05 4.16 4.04
22 4.24 5.84 5.45 4.13 3.86 3.79

Coupling constants (Hz)

J2-3 J3-4 Ja-5 J5-6 J5-6' J6-6'
20 (OAc) 89 1.9 9.1 2.7 5.0 12.5
22 8.3 2.5 5.7 6.2 59 84
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2.3 Physical properties of B—hydroxy-N-diphenylmethylene-protected amines:
Crystal structure of N-diphenylmethylene-L-threonine methyl ester.

In the study of tandem carbon-carbon/ carbon-oxygen bond formation starting from
N-diphenylmethylene-protected amino acid methyl esters, pB-hydroxy-N-
diphenylmethylene-protected compounds (Scheme 2.11) drew much attention due to
their complex NMR spectra.39 This was observed not only in the complex reaction
mixtures after the addition of nucleophile but also in pure compounds where there was a

B-hydroxyl group next to the protected amine moiety.
o H

N\N\H‘\OMe 1. DIBAL/TRIBAL W
N » N

Ph _( 2. vinyl lithium Ph V4
Ph

Ph

QO

Scheme 2.11: Tandem C-C/C-O bond formation

Existence of undesired resonances even in very pure starting materials (e.g.. serine
and threonine methyl ester Schiff bases) caused us to believe that there is a tautomerism
between the imine form (23-a) and oxazolidine form (23-b) in solution (Scheme 2.12).
Due to the lack of solid evidence for this explanation, it was necessary to look at the
crystal structure of a simple protected amino ester, and was decided to use N-
diphenylmethylene-protected threonine methyl ester for the X-ray structure

determination.

H OMe OMe

N — NH
h—7" Ph
(23-a) Ph  (23-b)

s

P
Ph

Scheme 2.12: Imine-Oxazolidine tautomerism
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X-ray analyses of monocyclic N-substituted oxazolidines,40 polycyclic N-
substituted oxazolidines,41 and polycyclic oxazolidines with a free N-H42 have been
reported. H. Adams#22 stated that oxazolidines with no N-substituents are potentially
tautomeric with open-chain Schiff bases.

Reaction of methyl-L-threonate-HCI with diphenylketimine gave the desired Schiff
base. Chromatography on SiO2 with 5% EtOAc-hexane and recrystallization from 20%
EtOAc-hexane using solvent diffusion technique with pure hexane, gave colorless block
crystals.

A crystal having approximate dimensions 0.30x 0.50x 0.50 mm was mounted on a
glass fiber in a random orientation. Preliminary examination and data collection were
performed with Mo Ko radiation (=71073A) on a Syntex P21 diffractometer. Cell
constants and an orientation matrix for data collection were obtained from least-squares
refinement, using 25 reflections in the range 20<20<27°. The former compound, F.
W.=296.36, crystallizes as colorless block crystals in the orthorhombic space group
P212121,43 with 4 molecules in the unit cell of dimensions a=8.455(2), b=12.648(2),
c=14.650(3) A, V=1566.6 A3, .=90.000(1), B=89.965(2), ¥=90.000(2)°; calculated
density 1.26 g/cm3. As a check on crystal quality, omega scans of several intense
reflections were measured; the width at half-height was 0.20°, indicating good crystal
quality.

The data were collected at a temperature of 23°+1 using the 6-20 scan technique.
The scan rate varied from 2 to 8°/min. The variable scan rate allows rapid data collection
for intense reflections where a fast scan rate is used and assures good counting statistics
for weak reflections where a slow scan rate was implemented.

A total of 1648 reflections were collected of which 1599 were unique and not

systematically absent. As a check on crystal and electronic stability 2 representative
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reflections were measured after every 98 reflections. The intensities of these standards
remained constant within experimental error throughout the data collection. No decéy
correction was applied.

The structure was solved by direct methods. Failure in determining the structure
using MULTAN led us to use SHELX 864 to locate the non-hydrogen atoms. A total of
21 atoms were located from the difference map. Except the hydrogen atom attached to
the nitrogen, all the hydrogen atoms were included at idealized positions and constrained
to ride on the atom to which they are bonded. The hydrogen on NH was found from the
difference map and was refined with a fixed isotropic thermal parameter. Final valves of
R1 and R2 are .03955, .04458 respectively were obtained after full-matrix least-square
refinement. All calculations were performed on a VAX computer using SDP/VAX 45
The result (Fig 2.3) shows an existence of an oxazolidine type of ring having C-O bond
distance of 1.440(4) A at the site of ring closure. The angle between the two phenyl rings
is 110.3 (2)° indicating a tetrahedral orientation of substituents around the C atom as
opposed to a trigonal planar arrangement of the two phenyl rings in the acyclic structure.
A study by S. V. Lindeman42f indicated the possibility of locating the NH proton in the
difference map for an oxazolidine ring. Further more this N atom has a tetrahedral
configuration with a fixed Walden configuration. Walden inversion of secondary amine
is normally fast process but due to the rigidity of S-membered rings this observation is
exceptional. Our study correlates with the previous observations, allowing us to locate
the NH in the difference map. This structure has a normal N-H distance (0.93 A) with
SP3 hybridized N for the oxazolidine.

The fixed NH configuration could be due to possible intermolecular hydrogen
bonding. A stereo cell packing ORTEP (Fig 2.4) was drawn to observe any interactions,
from NH to other oxygens. It was noted that the NH bond is directed towards one of the

phenyl rings and the distance from H atom to the center of the phenyl ring is about 3.1A.
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Fig 2.3: Crystal structure of N-diphenylmethylene-L-threonine methyl ester.
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This distance is too long to be considered as a hydrogen bond. Second observation
is the intramolecular interaction between nitrogen lone pair and H12 and H14 on the
phenyl ring.

This account indicates the possibility of existence of the oxazolidine form for -
hydroxy-N-diphenylmethylene-protected compounds, but it is important to mention that
the chemical reactivity of the hydroxyl is not completely stopped by ring formation.
These hydroxyls can be protected as silyl ethers, acetates, pivalates, etc. Moreover, the
reaction between acetobromo glucose and compound 23 gave the corresponding
glycoside.46 The results of these chemical reactions indicate that equilibrium exits in

solution between the imine and the oxazolidine forms.

Fig 2.4: Stereo-packing view of compound 23.
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2.4 Stereoselective carbon-carbon bond formation using chelation control:
Application to carbon-3, carbon-4 bond formation in NANA.

Retrosynthetic analysis of NANA shows the most logical disconnection is the
carbon-3 , carbon-4 bond to give 6-carbon mannosamine and 3-carbon pyruvic acid as
synthons. Even though this has been the site of disconnection in previous studies, the
stereoselectivities obtained in the carbon-carbon bond formation were poor. Since a
methodology which gives threo-selective B-amino alcohols will be ideal in this regard,
we decided to extend such chemistry developed in our lab to accomplish the target bond
formation.

N-Diphenylmethylene-protected amino acid esters give B-amino alcohols with threo
selectivity39 after reduction with DIBAL followed by in situ addition of Grignard
reagents or vinyl-Li. It is believed that TRIBAL helps in chelation control by chelating
the Schiff base with the ester and DIBAL provides the hydride for the reduction of the
ester to the aluminoxy acetal (or the aldehyde) intermediate. Due to the chelating ability
of aluminum compounds the nucleophile approaches the electrophilic carbon from the
side opposite to the leaving methoxy group giving threo selectivity as shown in Scheme

2.13.

OMe OMe
R H T H J—.
*H\ O-..x H  opp N 0—al Nu R
— N ~ N
Ph H_ Ph H— S—Ph
_[ }' _[ \_ Ph
Scheme 2.13: Chelation control favoring the threo B-amino alcohol

In the present study one needs to identify a proper nucleophile which is of 3 carbons

or should be able to manipulate to a 3-carbon fragment after the addition. With respect to
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the oxidation state, one has to keep in mind that the final product should be in an o-keto
acid or a-keto ester form.

The first candidates for this 3-carbon nucleophile were pyruvic acid and pyruvic
acid methyl ester. All the additions were studied using model compounds (Table 2.4).
Addition of pyruvic acid dianion to the DIBAL/TRIBAL-treated serine methyl ester
Schiff base gave a complex product mixture. Difficulty in generating dianion from
pyruvic acid is known47 but the observation was similar when we used Li enolate of
pyruvic acid methyl ester. Five major components in the product mixture were
chromatographed and isolated, of which only two were identified as product overreduced
by DIBAL and starting material.

This led us to use propiolic acid and propiolic acid ethyl ester. Unsuccessful
coupling with propiolic acid ethyl ester was due to self condensation of the starting
material. 482 Ethyl lithiopropiolate has been successfully added to ketones and
aldehydes,48b but in those studies the solvent of choice was THF-HMPA. Use of HMPA
as a cosolvent in this nucleophilic addition (Scheme 2.14) has been shown to increase the
erythro selectivity.

Since use of THF is detrimental for the stereocontrol (the solvent interferes with
chelation of the substrate by aluminum compounds), our solvents of choice were hexane,
pentane and ether. Self condensation of methyl propiolate is known and this was

confirmed due to the appearance of tar-like globules in the reaction mixture.

uy OH

H :
% . CHO Li—==—CO,Et ==— CO,Et
o
0>< N~Boc  THF-HMPA,-78°C 0>< N~goc

Scheme 2.14: Ethyl lithiopropiolate as a nucleophile
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With these negative results in hand we decided to test the possibility of using
acetylenic anion as the nucleophile and 1-hexyne was used in this regard(Scheme 2.15).

The reaction proceeded in 86% yield giving the two diastereomers in varying ratio.

0O OH

TBDMSO/\(U\ oMe 1. DIBAL/TRIBAL pppyvso e
Na = AN Ne S
\r—ph 2. Li———
Ph

N—>h
Ph

(24)

Ac,Ofpyridine

OAc

TBDMSO/\‘N/\/\/

SN—Ph
e

Scheme 2.15: 1-Lithio hexyne as a nucleophile

The next 3-carbon nucleophile examined was propargyl alcohol. Benzyl-protected
propargyl alcohol was synthesized49 using benzyl chloride and the Li salt generated at
09C with nBuLi. Unfortunately this anion was not soluble in hexane or pentane. Use of
ether did not improve the solubility. Hence we decided to reverse the order of addition,
i.e. cool the Li salt to -78°C, and cannulate the DIBAL/TRIBAL-treated Schiff base
amino ester into this cooled mixture, in order to minimize any over-reduction. The_
reaction was carried out at -78°C and quenched with sat. NaHCO3 giving 66% yield of
the desired compounds in varying ratios. The product ratio was calculated after
protecting the secondary hydroxyl as the acetate. 1H NMR integration was used to

calculate the ratio of the peaks at 5.5-5.7 ppm. This variation can be accounted by the
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fluctuation in temperature of the cannulated reaction mixture, causing reduction of the

stereoselectivity.

Table 2.4

Product
Reaction Yield ratio

2 OLi
TBDMSO’\‘)L OMe )\ Mixture

N o COOLi
j—Ph
Ph
O
Self
TBDMSO ! OMe Li—==— COOMe condensation
\\'_ Ph of nucleophilg
Ph

0
TBDMSO’\(lL OMe N 66% (26,27) | 4:1 40)
Li—=— 6 :
N o : 0" ph ’

Ph

o)
TBDMSO/\‘)L OMe Li—=—
N§-ph
Ph
o)

Li———
TBDMSO/\HL OMe O/\CL 36% (46) one
OMe

N
S Ph compound
;l;}; P isolated

47

OTBDMS mixture
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Proof that the major diastereoisomer is the desired threo product was required.
Separation of the two compounds using column chromatography was facilitated by the
imine-oxazolidene tautomerism, The threo product mainly exists in the cyclic oxazolidine
form, and was less polar than the erythro product which exists mainly in the acyclic form.
In addition to the desired product, 20% of the crude reaction mixture was overreduced 1°
alcohol.

In order to confirm the chirality at the newly formed asymmetric center we decided
to fix the conformation by making use of a 6-membered ring (Scheme 2.16). The amino
diol was obtained by removing the acid-labile Schiff base and TBDMS ether using TFA-
H20. The amino group was selectively protected using benzenesulfonyl chloride to give
the sulfonamide, and the free hydroxyl groups were protected as the acetonide. Since the
configuration of the amine was known (starting amino acid was L), examination of the
vicinal coupling constant provided the relative configuration at C1 and C2 using the
Karplus relationship. A coupling constant of 1.6 Hz was observed for the axial-equatorial
orientation of the protons in the threo product, and 7.7 Hz was observed for the axial-
axial orientation of the two protons in the erythro compound.

Thus the major product was identified as the desired threo coumpound.
Furthermore, hydrogenation using H2/Pd removed the benzyl group and hydrogenated
the triple bond to provide fully saturated alcohol (Scheme 2.17). As expected, the yield
was very low in this reaction due to the ability of the sulfone to poison the catalyst. This
was compared to the protected amino triol synthesized by Rapoport50 and exactly

matched, confirming the above conclusion beyond any doubt.



92

OH 1. TFA/THF/H,0 (28) ¢
TBDMso’\('\ 0O o
\\~\/ O_ Ph 2. Benzenesulfonyl chloride. !(30) |\Z/l‘"H
N 3.2,2-dimetho I ™ o_Ph
@26) Ph - edimethoxypropane. NHSO,Ph
Major product (32)
(J 1_2=1.6HZ)

1. TFA/THF/H,0 (29)

OH
TBDMSO/\I{\\’ O._ ph 2Benzenesulfonyl chloride, (31) QH
& . 2
Ph 3. 2,2-dimethoxypropane. Q\, O_Ph
NHSO,Ph
J,.,=7.THz (33)

Scheme 2.16: 1,3 Acetonide formation to calculate vicinal coupling constants

@ ph

o) (') H,/Pd _
o H aH OH
NHSO,Ph™~~ "~ NHSO,Ph
(32) (34)

Scheme 2.17: Synthesis of compound 34

This encouraging result was followed by the study of two other nucleophiles,
namely TBDMS-protected propargyl alcohol and p-methoxybenzyl-protected propargyl
alcohol. The former gave complex reaction products but the latter reacted to yield 40%
of only one product. Comparison of 1H NMR and 13C NMR of 40 (threo and erythro)
with acetylated products 47 from the above reaction showed that the compound in hand is
the desired threo adduct.

Due to the problems faced in oxidation of these compounds we decided to explore
the addition of some other 3-carbon nucleophiles to phenylalanine Schiff base methyl

ester. As shown in Table 2.5, the nucleophiles were the organometallics derived from 1-
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trimethylsilyl-3-bromopropyne, and the Grignard reagent from propargyl bromide.
Organometallics produced from trimethylsilylpropargyl bromide can exist either in the
propargylic form or in the allenic form?! as shown in Scheme 2.18. Depending on the
metal and the reaction involved, one of the two compounds in this equilibrium will
undergo the reaction preferentially. It is known that the Grignard reagent reacts in the
propargylic fashion with aldehydes and ketones in low yield. Reformatsky species
generated from the same bromide deliver the propargyl component to the carbonyl in

much better yield. In contrast, organoaluminum reagents favor the allene.

H ) Me,Si
MesSi—=——- C-M ——— M,C= C=CH,
H

Scheme 2.18: Organometallics from trimethylsilylpropargyl bromide

Observation from our study was contradictory in that the Grignard reagent reacted
better than the Zinc reagent. Quite surprisingly, allenes were not detected in the IH NMR
spectrum of the crude product mixtures. The Li reagent was tried but gave no desired
products. Product ratio was calculated after acetylation as shown in Scheme 2.19. The
very first reaction was carried out at -78°C for 1 hr., the yield after acetylation was 21%,
and the diastereomeric ratio was 1:1.8. This was improved to 1:3 by leaving the reaction
at -78°C for 5 hrs., but the total yield did not improve at all. The effect of temperature
was tested by performing the reaction at -40°C for 1 hr. The total yield was the same, but

the diastereoselectivity lowered as expected, giving 1:1.35 as the product ratio.
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OAc

OH I
|  Ac,O/pyridine_  pp = §j—
PN G, ,

AN
N pp, 69 W—Ph (36)
| P
Ph "

TFA/H,0
OH OAc
I Ac,O/pyridine __ |
Ph = _gj— — > Ph = Si—"
NH, 37 I NHAc (38) |

Scheme 2.19: Trimethylsilylpropargyl bromide as the 3-carbon nucleophile

The regioselectivity of propargylation using the Grignard reagent from propargyl
bromide32 and aldehydes was studied by H. Yamamoto who showed that the reaction
proceeds with greater than 99:1 regioselectivity (o0 vs ¥). The Zinc reagent generated
from propargyl bromide undergoes nucleophilic addition in the same fashion. In our
study the Grignard reagent reacted with the phenylalanine derivative to give the expected
propargylic adduct in 40% yield. Allylation of aldehydes occurs in opposite
regioselectivity to that of propargylation. Literature shows that the allylic magnesium
bromide and zinc bromide both reacted to give the y adduct as the major product. This
could be one reason for the complex product mixture for the reaction with the allylic
Grignard reagent. The yields were not optimized, and at this point we can only assume

that the product ratio is in the favor of threo.



Table 2.5

Reaction Yield Product ratio

e
|
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2.5 Various routes to o keto acids: Manipulation of 3-carbon fragment to cbtain
correct oxidation state at C-1 and C-2 in NANA.

The next challenge in this approach to NANA was the conversion of the 3-carbon
nucleophile to a a-keto acid or a-keto ester. This second keto group then can undergo
cyclization with the hydroxyl on carbon-6 to form the hemiketal. Since the reaction
between the model compounds and the pyruvic acid, or methyl pyruvate was not
successful one has to look at the products from other 3-carbon nucleophiles and work on
their conversion to o keto acid.

Hydroboration of acetylenic esters has been studied by Zweifeld3 and it is known
that monohydroboration proceeds with disiamylborane to place the boron preferentially at
the 2-position. Careful oxidation of this monohydroboration products (Scheme 2.20)
with hydrogen peroxide affords o keto esters in good yields. Hydrolysis of carbon-boron
bond in vinylborane in the presence of a base, followed by protonation of the
intermediate carbanion could stop the oxidation of the second carbon. Hence it is
necessary to carry out the oxidation in the presence of pH~8 NaH2PO4 buffer solution.
Since the addition of ethyl propiolate to the model compound was not a success we were

unable to apply this chemistry to our system.

O . R CO,C,H H OO
n R'2BH 2%-2115 ionoa
R—==—C-0C,H; ——» )= _HZ_(_)Z__,, R~ C—C—C-0C,H;
H B-R' :
R pH~8 H

Scheme 2.20: o-Keto esters from ethyl propiolate

Adducts from protected propargyl alcohol were the next choice. It was
advantageous to have the primary hydroxyl in the protected form for regioselective

hydration of the triple bond (Scheme 2.21). Much regioselectivity cannot be expected for
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such an internal alkyne because the steric hindrance is basically the same for both the
carbons. However compound 26 was treated with mercury catalysts in the presence of

acid, 4 giving no desired product.

OH
vwW—_— . e —— o —3 N
0" Ph vw——z—\o/\ Ph r"'\n/\O Ph
o)
Scheme 2.21: Hydration of alkynes

This observation led us to look into other reactions by which an internal alkyne can
be converted to a ketone.3d Hydroboration of alkynes are not extensively studied as of
olefins but could be useful for us in this regard if the proper regiocontrol can be attained.
Treatment of Compound 26 with borane in THF followed by oxidation using basic
hydrogen peroxide did not lead to the desired compound. Since the TBDMS ether and
the Schiff base are labile protecting groups we decided to convert compound 26 to the

bis-acetate as shown in Scheme 2.22,

OH OAc
1. Ac,O/pyridine (40)
TBDMSO’YV\ o P AC/pyndne t AcO/\(\ -
Ny _pp 7 ~ 2. TFAH,0@D)  AcHN AU
(26) Il; 3. Ac,0/pyridine 42)

Scheme 2.22: Synthesis of compound 42

Treatment of 42 with borane resulted a complex mixture as can be explained if a
second equivalent of borane adds to the triple bond. This process can be eliminated by
making use of a less reactive borane. It is known that catecholborane reacts

stereospecifically and regioselectively with alkynes to give monohydroboration products,
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but the use of catecholborane on substrate 43 failed due to the reactivity of the reagent

towards the acetate groups as shown in Scheme 2.23.

OH
7 hol bo /%
Catechol borane
ACO/Y\ N0~ Ph
Ac (4; ~_-O-_ Ph AcHN +(44)

OH

HO/Y'\

AcHN (45) O Fh

Scheme 2.23: Attempted hydroboration of alkynes

The reagent of choice now was a bulky borane such as 9BBN (9-borabicyclo [3.3.1]
nonane). This gave a low Rf product, so even in this product mixture the acetate groups
were missing. Moreover, there were no carbonyl chromophores in the product. The
failure of these reactions could be due to the benzyl protecting group which makes both
carbons equally sterically hindered. What one would like to do at this instance is to look
at these oxidations for the free primary alcohol. Removal of the benzy! group can be
straightforward by using catalytic hydrogenation, but this would remove the triple bond
giving the fully saturated alcohol. This prompted us to look at the products from p-
methoxybenzyl-protected propargyl alcohol since they can be oxidatively deprotected
without affecting the alkyne. Compound 46 was converted to the more stable bis-acetate
49 as shown in Scheme 2.24. This protected amino diol was treated with DDQ>36 to
obtain the primary alcohol in 14% yield without affecting the alkyne. Conversion of this
compound to the desired oxidation state with mercuric acetate under acidic conditions

failed.



Nﬁ—Ph

1. Ac,0O/ pyridine (47)
2. TFA/THF/H,0 (48)
3. Ac,O/pyridine

(49) NHAC

Scheme 2.24: Use of DDQ to cleave 4-methoxybenzyl protection

Table 2.6;: 1H NMR data for the starting materials for oxidation step.

1 OR
RO 2 4\ 5
NHR \ ~ O R
6 7
40 (threo 40 (erythro) 42 7

H-1 3.98-3.84 3.98 4.23 4.03-3.86
H-1' 3.74 4.10

H-2 3.98-3.84 3.86 4.51 4.03-3.86
H-3 5.63 5.73 5.54 5.84

H-6 4.16 4.26 4.13 4.15

H-7 4.52 4.64 4.50 4.48

OAc

RN
NHAc\

(50)

4.25
4.12
4.52
5.57
4.11
4.45
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Table 2.7: 13 C NMR data for the starting materials for oxidation step.
40 (threo) 40 (erythro) 42 47 49

C-1 63.7 63.9 62.1 63.7 62.3
C-2 64.1 65.3 50.4 64.1 50.5
C-3 66.3 65.7 62.5 66.3 62.6
C-4 82.5 82.7 83.1 82.5 83.0
C-5 824 82.1 80.3 82.3 80.3
C-6 57.2 57.3 56.8 56.8 56.6
C-7 71.4 71.1 71.4 70.9 71.2

P. C. B. Paged7 has reported a reaction (Scheme 2.25) where alkynylsilanes were
directly converted to the corresponding a-keto ester in good yield by making use of
osmium tetroxide and t-butylhydroperoxide. The solvents used in these studies were
methanol and t-butanol. The solvent of choice affected the product ester, since the
intermediate acyl silane was attacked by the solvent. According to the mechanism
suggested the products after the attack by alcoholic solvent undergo Brook

rearrangement. Further oxidation could lead to the o-keto ester.

0504 R'OH . OSiMe;
R—==—""5iMe, '_”R\n)\ SiMe; paha Rﬁ,/i\slMe3 \/LOR
OR' o
tBuOOH, path b l
. o OSiMe, 0 con o
SiMey R\/‘“o- OBy R\(U‘OSiMe ? RW)LOR'

Scheme 2.25: a-Keto esters from alkynyl silane
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Similar experimental conditions attempted for converting simple alkynylsilanes

(Fig. 2.4) to the a-keto ester yielded no positive results.

OH SiMe, OMOM SiMe; : -
OSiMe SiMe;
4 S &

(51) (52) (53)

Fig 2.5: Grignard adducts from 3-bromo-1-TMS propyne

Our final approach was the oxidation of terminal alkynes 54 (Scheme 2.26). It is
known that the oxidation of terminal alkynes causes cleavage of the triple bond.58
Therefore 54 was converted to an internal alkyne 56 using Mel to quench the Li salt of
the terminal alkyne 55. Ruthenium dioxide oxidation worked for this compound giving

diketone 57 59, but conversion of 57 to the o-keto ester was not successful.

OH OMOM
P Va
(iPr),NEy/MOMCI
(54) > (55) .
1. nBuLii/Mel (56)
2. RuO,/NalO,
MOMO 0]
Me
(57) 0

Scheme 2.26: a-Diketone from internal alkyne

A one possibility we did not explore was the conversion of vic-diols to a-hydroxy

ketones.60
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2.6 Conclusions.

Further experiments need to be done in conversion of glucosamine to mannosamine
configuration. It is clear that for the differential protection one needs to use the
benzylidene group to protect the 7-and 9-hydroxyl groups, because that would leave the
6-and 8-hydroxyls free which will have different chemical properties due to the presence
of the Schiff base next to one hydroxyl. Influence of Schiff base on the neighboring
hydroxyl is helpful for the differential protection. Different protecting groups should be
identified to protect the 6 and § hydroxyl groups so that it is not going to mask the proton
which is attached to the potential epimerizable center. Protecting the 8-and 9-hydroxyl
groups with isopropylidene leaves the 6-and 7-hydroxyls free and it seems both the
hydroxyls can undergo cyclization with the Schiff base.

An initial study of the stereoselective C-3, C-4 bond formation was encouraging.
Strong nucleophilicity seems to be necessary criteria for successful coupling. Previous
experiments in our lab show the use of vinyl anions and this study shows the successful
use of alkynyllithium. Oxidations were problematic due to the lack of regiospecificity,
harsh reaction conditions when using mercury salts in the presence of acid, or
dihydroboration when boron reagents were used. It is worth looking back into the case
where we used propiolic acid ethyl ester since it might solve the problems in oxidations
or one needs to identify a different 3-carbon nucleophile which can easily be converted to
the a-keto acid.

Even though NANA can be obtained in gram quantities by enzymatic methods or
isolation from natural sources a successful method of making the C3-C4 bond with high
stereoselectivity would definitely be synthetically very interesting to obtain different
analogues of NANA. Particularly an analogue without the carboxylic acid oxidation state
at C-1 would be interesting in the study of glycosyltransferases. Glycosyltransferases

catalyze the transfer of glycosyl residues from a donar to an acceptor substrate.
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Sugar nucleotide + HO-acceptor e Sugar-O-acceptor + nucleotide

Donor molecule is usually a nucleotide diphosphate sugar61 except in the case of
sialic acid, where the nucleotide is a monophosphate.ﬁ2 One can postulate that the
carboxylic acid moiety in NANA can coordinate to the enzyme as does a phosphate,
hence cytidine monophosphate (CMP)-sialic acid can function like a sugar-nucleotide
diphosphate. This intriguing difference bet&cen the two donor molecules deserves more
attention in developing glycosyltransferase inhibitors. In order to study the above

hypothesis it is important to have access to C-1 derivatives (e.g. COMe) of NANA.
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2.7 Experimental
Glucosaminic acid.

Red HgO (128 g, 0.59 mol) was suspended in 800 ml of water. HCIO4 (140 ml)
was added slowly with stirring. HgO completely dissolved. Sodium hydroxide (100 ml)
was added and the resultant yellow precipitate was filtered. This yellow HgO was
washed until the washings were neutral ( four timers with 500 ml of water each time).
Yellow HgO was suspended in 1.2 1 of water. Glucosamine hydrochloride (40 g, 0.185
mol) was dissolved in 400 ml of water and added to this HgO suspension. After boiling
for 1/2 hr., it was hot filtered immediately. H2S was passed through for 1/2 hr. and the
black precipitate was filtered through Celite. Rotavaping off water gave a concentrated
solution in 400 ml of water. Ethanol (200 ml) was added. After 1 day in the refrigerator,
the crystals were filtered off, washed with ethanol, ethyl acetate-pet.ether (1:1), and
finally with pet. ether and dried under high vacuum at 50°C to give white crystals (21g,
49%) with M.P.= decompose around 220°C; [a]pD = -7.6 (in water C= 0.41), IR(KBr
disk) 3302, 1621; 1H NMR § (D20) 4.44(d, 1H, J= 3.7 Hz), 3.91-3.64(M, 5H); 13C
NMR 3 172.6 (COOH), 72.7, 70.6, 67.1 (C-3 to C-5), 62.6 (C-6), 58.2 (C-2).
4,6-0-Benzylideneglucosaminic acid (14).

Glucosaminic acid was dried well at 50°C under high vacuum. Freshly distilled
benzaldehyde (45 ml) in 225 ml of absolute ethanol was added to glucosaminic acid (30
g, 0.154 mol). Acetyl chloride (18 ml) was added dropwise to the cooled reaction
mixture. This mixture was brought back to R.T. and almost immediately white
crystalline product separated out. After 1/2hr. at R.T., filtering, washing with ethanol,
ethyl acetate and with hexane the crude product was white solid (37g, 78% yield).
Recrystallization from ethanol or 5% pyridine in methanol was not very successful.
M.P.= 130-132°C; [a]D = -53.6( methanol, c= .49); IR (KBr disc) 3224, 1616; 1H NMR
8 (D20) 7.58-7.47(M, 5H, aromatic), 5.73(S, 1H), 4.56(d, 1H, J=3.9 Hz), 4.35-4.30(M,
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1H), 4.03-3.94(M, 3H), 3.84-3.73(M, 1H); 13C NMR § (D20) 172.1 (C-1), 136.4
(quaternary aromatic), 129.8, 128.7, 126.2 (aromatics), 101.3 (acetal), 82.7 (C-4), 70.2
(C-3), 65.7 (C-6), 59.9, 57.9 (C-2 and C-5).

4, 6-O-Benzylideneglucosaminic acid methyl ester.

Compound 14 (10 g, 0.027 mol) was suspended in 25 ml of dry methanol. The
flask was cooled to 0°C, dry HCI was passed through while cooling; the gas flow was
interrupted at times. After 1/2 hr at 0°C and 4 hrs. at R.T., the crude yield was 8.82 g
(96%). The product could not be recrystallized and was thus used in the next step
without further purification.
4,6-O-Benzylidene-2-deoxy-2-N-(diphenylmethylene)-glucosaminic acid methyl ester
(15).

4,6-O-Benzylideneglucosaminic acid methyl ester (7.5g, 0.022 mol) was mixed
with 90 ml of CH2Cl2. Benzophenone imine (3.9 ml, 0.023 mol) was added and left at
R.T. for 24 hrs. 0.1% NaHCO3 was used to wash the resultant reaction mixture.
Additional CH2Cl2 was added and the solution was washed again with sat. NaHCO3,
dried with anh. K2CO3, and filtered through Celite. Rotavaping off the solvent left 8.6 g
of an oil. Chromatography with 40% EtOAc-Pet. ether gave 7.5 g (73%) of a foamy
solid, M.P.~ 55°C; [a]D = +45.4 (chloroform, c = 0.875); IR (thin film) 3422, 1740,
1657, 1448; 1H NMR § (CDCl3) 7.65-7.17 (M, 15H, aromatic), 5.49 and 5.39 (2 singlets,
1H), 4.61-4.57 (dd, 1H, J=3.3, 7.1 Hz), 4.47 (d, less than 1H, J=4.1 Hz), 3.69 (d, J=3.3
Hz), 4.48-3.53 (M, 9H, 3.64 singlet for the OMe); 13C NMR & (CDCI3) 171.6 (ester),
143.7, 143.5, 137.3 (quaternary aromatics), 129.0, 128.8, 128.2, 128.1, 128.0, 127.8,
127.7, 127.4, 126.1 (aromatics), 101.0, 100.0 (acetal and quaternary oxazolidine), 80.3
(C-4), 78.5 (C-3), 70.8 (C-6), 62.6, 60.6 (C-2 and C-5), 52.5 (OMe). Anal. Calcd. for
C27H270¢N: C, 70.27; H, 5.90; N, 3.03. Found: C, 70.36: H, 5.90; N, 3.10.
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The complexity of the spectrum could be due to the imine-oxazolidine tautomerism,
hence diacetate was made to conform this hypothesis. IH NMR § (CDCl3) 7.62-7.16 (M,
15H), 5.91-5.87 (dd, 1H, J=9.0 Hz, 2.0 Hz), 5.40 (S, 1H), 4.93-4.83 (ddd, 1H, J=10.0 Hz,
10.0 Hz, 5.2 Hz), 4.80-4.76 (d, J=9.1 Hz), 4.38-4.31 (M, 2H), 3.67 (S, 3H), 3.66-3.57 (t,
1H, J=10.3 Hz), 2.08 (S, 3H), 1.96 (S, 3H).
4,6-0O-Benzylidene-5-O-t-butyldimethylsilyl-2-deoxy-2-N-(diphenylmethylene)-
glucosaminic acid methyl ester (19).

Compound 15 (1.8 g, 3.9 mmol) dissolved in 10 ml of distilled DMF was cooled to
0°C and imidazole (0.29 g, 1.1 eq) was added followed by TBDMSCI (0.65 g, 1.1 eq).
Even after 4 days at R.T. reaction was not complete. The solvent was removed and the
crude chromatographed using 10% EtOAc-pet. ether giving colorless oil (1.4g, 62%) with
[a]D = +8.3 ( chloroform, c=1.37); IR(thin film) 3330, 1743, 1451; 1H NMR & (CDCl13)
7.54-6.80(M, 15H, aromatic), 5.37 and 5.29 (S, both integrate to 1H, 1:7 ratio), 4.50-4.47
(1H, dd, J=1.4, 6.7 Hz), 4.18-4.08 (M, 3H), 3.51(3H, S, OMe), 3.49-3.40 (M, 2H) 3.1
(broad S, OH), 0.81 (2 singlets both integrate to 9H, 7:1 ratio), 0.14 (S, 3H), 0.08 (S, 3H);
13C NMR & (CDCl13) 171.5 (ester), 144.1, 143.9, 137.4 (quaternary aromatics), 128.6,
127.9, 127.8, 127.5, 127.3, 126.3, 126.1, 126.0 (aromatics), 101.0 (acetal), 80.7 (C-4),
77.1(C-3), 71.8 (C-6), 63.3 (C-5), 60.4 (C-2), 52.2 (OMe), 25.6 (CH3, tBuSi), 17.9
(quaternary, tBuSi), -4.3 (SiCH3), -4.8 (SiCH3).

4, 6-O-Benzylidene-5-0O-t-butyldimethylsilyl-2-deoxy-2-N-(diphenylmethylene)-3-O-
trimethylsilyl glucosaminic acid methyl ester (16).

Compound 19 (0.37 g, 0.64 mmol) and TMS-imidazole (5 ml) were stirred at 50°C
for 10 hrs. The solvent was removed and the products chromatographed using 5%
EtOAc-pet. ether, giving 0.34 g (82%) of foamy solid with [a]Jp =+48.5 (CHCI3, c=
1.26); IR(film) 1739, 1622, 1446; 1H NMR & (CDCI3) 7.69-7.25 (M, 15H), 5.40 (S,1H),
4.72-4.63 (AB, 2H, J=8.1, 0.0 Hz), 4.35-4.29 (dd, 1H, J=10.4, 5.2 Hz), 4.06-3.97 (M,
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1H), 3.76-3.73 (d,1H, J=9.0 Hz), 3.66-3.58 (t, 1H, J=10.2 Hz), 3.55 (S, 3H), 0.94 (S, 9H),
0.14 (S, 3H), 0.13 (S,3H), 0.05 (S, 9H); 13C NMR & (CDCl3) 171.4, 171.1 (ester and
N=C), 139.7, 137.9, 135.9 (quaternary aromatics), 130.2, 129.1, 128.5, 128.4, 128.3,
127.9, 126.2 (aromatics), 100.4 (acetal), 81.5 (C-4), 71.9, 71.5 (C-3 and C-6), 67.3 (C-5),
62.5 (C-2), 51.7 (OMe), 25.8 (CH3, tBuSi), 17.9 (quaternary, tBuSi), 0.8, -2.7, -3.9
(SiCH3).

4,6-0-Benzylidene-2-deoxy-2-N-(diphenylmethylene)-3, 5-O-trimethylsilyl-
glucosaminic acid methyl ester (17).

Compound 15 (0.1 g, 0.22 mmol) and TMS-imidazole (0.2 g, 6 eq) were stirred at
50°C for 10 hrs. Rotavaping off the solvent and chromatographing with 5% EtOAc-pet.
ether followed by 10% EtOAc-pet. ether gave colorless oil (0.13g, 98%) with [a]lD
=+64.6 (CHCI3, c=0.76); IR (thin film) 1738, 1621, 1100; 1H NMR § (CDCI3) 7.70-7.19
(M, 15H), 5.31 (S, 3H), 4.72-4.63 (AB system, proton on the left side of the spin system
with a small coupling of 1.2, J=8.5 Hz), 4.30-4.24 (dd, 1H, J=5.1, 10.3 Hz), 4.08-3.92
(ddd, J=9.1, 5.1 Hz), 3.67-3.62 (dd, J=9.0, 1.5 Hz), 3.56 (t, 1H, J=10.3 Hz), 3.52 (S, 3H),
0.12 (S, 9H), 0.01 (S, 9H); 13C NMR § (CDCl13)171.6, 171.1 (ester and C=N), 139.6,
137.8, 136.0 (quaternary aromatics), 130.3, 129.1, 128.4, 128.3, 127.9, 127.8, 126.0
(aromatics), 100.4 (acetal), 81.8 (C-4), 71.8, 71.7 (C-6 and C-3), 67.1 (C-5), 63.1 (C-2),
51.8 (OMe), 1.2, 0.8 (SiCH3); Anal. Calcd. for C33H43NOgSi2: C, 65.42; H, 7.15; N,
2.31. Found: C, 65.03; H, 7.23; N, 2.29. Calcd monoisotopic mass for C33H43NOgSi2
605.26, m/z 605.25 [M*].

Glucosaminic acid methyl ester.

Glucosaminic acid (5 g, 0.022 mol) in methanol (25 ml) was cooled to 0°C.
Thionyl chloride (2.5 ml, 1 eq.) was added very slowly with stirring. After 2 hrs. at R.T.,
the solution was rotavaped with methanol 3 times to remove HCl. To the resultant

solution an equal amount of dry ether was added. 24 hrs. at 0°C gave a white crystalline
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product (S g, 98% yield) with M. P. = 130°C; 1H NMR & (D20) 4.27 (broad d, 1H, J =
3.6 Hz), 4.15 (broad d, 1H, J = 3.8 Hz), 3.64 (S, 3H), 3.61-3.45 (M, 4H).
2-N-(Diphenylmethylene)-giucosaminic acid methyl ester (20).

Glucosaminic acid methyl ester (4.4 g, 0.018 mol) was stirred in 30 ml of distilled
acetonitrile and diphenylketimine (3.3 ml, 1.1 eq) was added to this mixture. After 2
days at R.T., sat. NaHCO3 was added and the products were extracted with CH2Cl2.
Rotavaping off the solvents and recrystallizing from EtOAc-hexane gave white solid (5.6
g, 84% yield) with [a]p=+130 (CHCI3, c=1.3)I. R (film) 3405, 1734; 1H NMR §
(CDCl13) 7.65-7.05 (M, 10H), 4.77-3.00 (combination of many multiplets, 13H, at 3.68
ppm a singlet for the OMe); 13CNMR & (CDCl3) 174.0, 173.1, 171.6, 171.4 (ester from
the acyclic cpd., ester from the oxazolidine, ester from the tetrahydro-1, 3-oxazine, C=N),
145.3, 143.6, 142.9, 140.4, 138.9, 134.8 (quaternary aromatics), 129.2, 128.9, 128.9,
128.5, 128.1, 127.9, 127.6, 127.5, 127.1, 126.0, 125.6, 124.9 (aromatics), 101.1
(quaternary, oxazolidine), 89.9 (quaternary, tetrahydro-1, 3-oxazine), , 80.4, 79.6, 74.7,
72.9, 71.0, 70.5, 69.6, 69.5, 63.9 (C-6), 62.9, 61.4, 57.4, 52.5, 52.3 (OMe). Calcd.
monoisotopic mass for Co20H2306N 373.15, m/z 194.00 {[M-N(Ph)2]+1%}.

This complicated spectrum might be due to imine-oxazolidine tautomerism, hence
we made the bis-acetate using Ac20, pyridine and DMAP.
2-N-(Diphenylmethylene)-3, 4, 5, 6-0O- tetraacetylglucosaminic acid methyl ester.

1H NMR § (CDCl3) 7.60-7.15 (M, 10H), 5.90-5.85(dd, 1H, J=1.9, 8.9 Hz), 5.53-
5.49 (dd, 1.9, 9.1 Hz), 5.09-5.02 (M, 1H), 4.20 (d, 1H, J=8.9 Hz), 4.19-4.13 (dd, 1H,
J=2.7, 12.5 Hz), 4.08-4.00 (dd, 1H, J=12.5, 5.0Hz), 3.69 (S, 3H), 2.07 (S, 3H), 1.98 (S,
3H), 1.93 (S, 3H), 1.72 (S, 3H).
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2-N-(Diphenylmethylene)-3, 4-dihydroxy-S, 6-O-isopropylideneglucosaminic acid
methyl ester (21).

Compound 20 (2.97 g, 0.795 mmol) was stirred in 2, 2-dimethoxypropane (10 ml).
Tosic acid (8 mg, 0.01 eq) was added to this solution. After 1 day at R.T., reaction was
not complete. Excess methanol was removed under vacuum. After 12 hrs the mixture
was quenched with NEt3, diluted with CH2Cl2, washed with sat. NaHCO3, dried with
MgSO4, and chromatographed using 20% hexane-EtOAc to give 2.58 g (79%) of a white
foamy solid with [o]D = +105.8 (CHCI3, c=1.21); IR (film) 3527, 1750, 1598; lH NMR
d (CDCI3) 7.7-7.1 (M, 10H), 4.89-3.02 (complex pattern of multiplets, 11H, at 3.72, 3.68
two singlets for the OMe), 1.38(S, 6H); 13C NMR 3 (CDCI3) close to 60 peaks due to
imine-oxazolidine tautomerism, important peaks are 173.3, 172.4, 170.9, 170.8 for the
carbonyls and the Schiff base, 109.6, 109.1, 108.9, 100.9, 89.7 for the acetonide,
oxazolidine and quaternary, tetrahydro-1, 3-oxazine. Calcd. monoisotopic mass for
C23H270¢N 413.18, m/z 414.15 [MH?%]. The bis-acetate was synthesized to
characterize the product.

3, 4-Diacetyl-2-N-(diphenylmethylene)-5, 6-0O-isopropylideneglucosaminic acid
methyl ester (22).

[a]D = +95.6 (CHCI3, c=2.0); IR (film) 1747, 1615; IH NMR & (CDCI3) 7.65-7.20
(M, 10H), 5.86-5.82 (dd, 1H, J=2.5 Hz, 8.4 Hz), 5.47-5.44 (dd, 1H, J=2.5 Hz, 5.7 Hz),
4.24 (d, 1H, J=8.3 Hz), 4.17-4.09 (dd, 1H, J=5.9 Hz, 11.8 Hz), 3.89-3.83 (dd, 1H, J=6.2
Hz, 8.4 Hz), 3.82-3.77 (dd, 1H, J=5.9 Hz, 8.4 Hz), 3.68 (S, 3H), 1.99 (S, 3H), 1.79 (S,
3H), 1.35 (S, 3H), 1.28 (S, 3H); 13C NMR 8 (CDCI3) 173.1, 169.9, 169.3, 169.2 (3 ester
carbonyls and C=N), 138.9, 135.7 (quaternary aromatics), 130.7, 128.9, 128.7, 128.4,
128.1, 128.0 (aromatics), 109.2 (quaternary, acetonide), 74.6, 71.3, 70.8 (C-3 to C-5),
65.4 (C-6) 64.7 (C-2), 52.4 (OMe), 26.4, 25.2 (CH3, acetonide), 20.8, 20.3 (CH3,
acetates). Calcd. monoisotopic mass for C27H3108N 497.20, m/z 498.25 [MH*].
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(3S)-1-O-t-Butyldimethylsilyl-2-N-(diphenylmethylene)-4-nonyne-1,3-diol (24).

O-t-Butyldimethylsilyl-N-diphenylmethyleneserine methyl ester (0.2 g, 0.503
mmol) was dissolved in distilled CH2Cl2 (2 ml). The solution was cooled to -78°C and
0.5M DIBAL/TRIBAL (1 ml, 0.5 mmol) was added dropwise along the wall of the
reaction flask and left at -78°C for 1/2hr.

In a separate flask nBuLi (0.94 ml, 1.50 mmol) was added to 1-hexyne (0.18 ml, 1.5
mmol) at 0°C, left at 0°C for 45 min and cooled to -78°C.

The yellow solution of DIBAL/TRIBAL-treated Schiff base was cannulated into the
slurry of Li salt and left at -78°C for 1 hr and another hr. at 0°C. The temperature was
slowly increased to R.T. and the reaction was quenched using 5 ml of sat. NaHCO3,
extracted with CH2Clp, dried with MgSQy4, filtered through Celite, and chromatographed
using 5% EtOAc-hexane to give product having Rf =0.55 in 68% yield. Overreduced
products had Rf 0.21. In order to calculate the diastereomeric ratio the free hydroxyl was
converted to the acetate (stopping the imine-oxazolidine tautomerism).

The free alcohol (150 mg, 0.33 mmol) was dissolved in pyridine (0.5 ml) and Ac20
(0.5 ml) was added followed by DMAP (4 mg, 0.1 eq). S hrs at R.T. did not complete the
reaction so it was left overnight at 40°C. The solvent was removed and the residue
chromatographed using 5% EtOAc-hexane to give product with IH NMR & (CDCI3)
0.72-7.85 (M, 10H), 5.5-5.7(2 broad doublets, 1H), 3.7-4.2 (3 sets of multiplets, 3H), 2.1-
2.3 (M, 2H), 2.0 ( 2 singlets, 3H), 1.3-1.6(M, 4H), 0.85 (M, 12H), 0.0(M, 6H). The two
peaks at 5.5-5.7 ppm were used to calculate the product ratio, which varied from 1:1.35 -
1:1.6.
3-0-Benzyl-1-propyne-3-ol.

KOH (9.5 g, 0.17 mol) and tetrabutylammonium bromide (8.2 g, 0.025 mol) were
stirred in 50 ml of benzene. Propargyl alcohol (10 g, 0.017 mol) was added slowly, and

after 15 min the temperature was increased to 70°C. Benzyl chloride (19.5 ml, 0.17 mol)
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in benzene (17 ml) was added during 1 hr. After 3 hrs. at 70°C, the resultant mixture was
washed with 0.3% HCI, the aqueous layer was washed with benzene (2x30 ml), the
combined organic layers were dried with Na2SO4 (3 g), and benzene was removed at atm
pressure. At 100-103°C/ 20 mbar colorless oil (17.2 g, 69%) distilled off with IR (film)
2115; IH NMR § (CDCI3) 7.45-7.3 (M, 5H), 4.60 (S, 2H), 4.16 (d, 2H, 2.3Hz), 2.46 (t,
1H, J=2.4 Hz); 13C NMR § (CDCI3) 137.2 (quaternary, aromatics), 128.4, 128.1, 127.9
(aromatics), 79.6 (quaternary, alkyne), 74.6 (C-terminal, alkyne), 71.5 (CH2Ph), 57.0
(CH2).

(2S, 3S and 3R)-6-O-Benzyl-1-O-t-butyldimethylsilyl-2-N-(diphenylmethylene)-4-
hexyne-1, 3, 6-triol (26 and 27).

O-t-Butyldimethylsilyl-N-diphenylmethyleneserine methyl ester (2 g, S mmol) was
dissolved in distilled CH2Cl2 (15 ml) and stirred at -78°C for 1/2 hr. 0.5M
DIBAL/TRIBAL (10 ml, 5 mmol) was added slowly and the mixture was left at -78°C
for 1hr.

Propargyl alcohol benzyl ether (2.2 g, 0.015 mol) was cooled to 0°C and nBuLi (9.4
ml, 0.015 mol) was added slowly. After 1 hr. at 0°C and cooling to -78°C,
DIBAL/TRIBAL-treated Schiff base was cannulated into these Li salts. After stirring at
-78°C for 1 1/2 hrs, the temperature was increased to R.T. slowly. Quenching with sat.
NaHCO3, extracting into CH2Cl2, drying with MgSO4, filtering through Celite, and
chromatographed using 5% EtOAc-hexane and then with 10% EtOAc-hexane gave crude
product. TLC was complicated by the presence of two diastereoisomers and the imine-
oxazolidine tautomerism. However, 4 fractions were isolated. i.e. desired higher Rf
compound (52%), over-reduced compound (20%), desired lower Rf compound (13.3%)
and product formed from the addition of 2 nucleophiles to the starting ester (14.7%). The

ratio of the desired products was 4:1.
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(28, 3S)-3-0-Acetyl-6-0-benzyl-1-O-t-Butyldimethylsilyl-2-N-(diphenylmethylene)-
4-hexyne-1, 3, 6-triol (40).

Compound 26 (0.28 g, 0.545 mmol) was dissolved in 1 ml of pyridine. Ac20 (1
ml) was added followed by DMAP (7 mg, 0.1 eq). After stirring at R.T. for 18 hrs., the
solvent was removed and the residue chromatographed with 10% EtOAc-hexane to give a
colorless oil in 79% yield with [a]p =+12.4 ( CHCI3, ¢=0.84); IR 1746; IH NMR §
(CDCl3) 7.85-7.20 (M, 15H), 5.63 (broad doublet, 1H, J=5.8 Hz), 4.52 (S, 2H), 4.16 (d,
2H, J=1.7 Hz), 3.98 (M, 1H), 3.84 (M, 2H), 2.07 (S, 3H), 0.84 (S, 9H), 0.01 (S, 3H),
-0.03 (S, 3H); 13C NMR & (CDCI3) 170.9, 169.6 (C=0 and C=N), 139.8, 137.2, 136.3
(quaternary, aromatics), 130.1, 128.7, 128.3, 128.0, 127.9, 127.7 (aromatics), 82.5, 824,
71.4, 66.3, 64.1, 63.7, 57.2, 25.9 (CH3, tBuSi) , 20.9 (CH3, acetate), 18.3 (quaternary,
tBuSi), -5.3, -5.4 (CH3Si). Calcd. monoisotopic mass for C34H4104SiN 555.28, m/z
556.25 [MH].

(2S, 3R)-3-0O-Acetyl-6-O-benzyl-1-O-t-butyldimethylsilyl-2-N-(diphenylmethylene)-
4-hexyne-1, 3, 6-triol.

Compound 27 (0.58 g, 1.13 mmol) was stirred with pyridine (2 ml), Ac20 (2 ml)
and DMAP (14 mg, 0.1 eq) for 18 hrs. The solvent was removed and the residue
chromatographed using 10% EtOAc-hexane, giving a colorless oil in 48% yield with
[alp = -67.8 (CHCI3, c=1.17); IR (film) 1745.8; 1H NMR & (CDCl3) 7.70-7.20 (M,
15H), 5.73 (broad doublet, 1H, J=4.3 Hz), 4.64 (S, 2H), 4.26 (d, 2H, J=1.4 Hz), 3.98 (dd,
1H, J=9.4, 5.9 Hz), 3.86 (M, 1H, J=5.9 Hz), 3.74 (dd, 1H, J=9.3, 6.3 Hz), 2.05 (S, 3H),
0.87 (S, 9H), 0.04 (S, 3H), 0.00 (S, 3H); 13C NMR 8 (CDCI3) 170.5, 169.5 (C=0, C=N),
139.7, 136.5 (quaternary aromatics), 130.1, 128.7, 128.4, 128.3, 128.2, 128.1, 128.0,
127.9, 127.7 (aromatics), 82.7, 82.1, 71.1, 65.7, 65.3, 63.9, 57.3, 25.8 (CH3, tBuSi), 20.9
(CH3, acetate), 18.3 (quaternary, tBuSi), -4.5 (CH3Si). Calcd. monoisotopic mass for
C34H4104SiN 555.28, m/z 556.25 [MH*].,
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2-Amino-6-0-benzyl-4-hexyne-l, 3, 6-triol (28 and 29).

compound 26 or 27 (0.58 mmol) was dissolved in THF (2 ml) and 9:1 trifluroacetic
acid: H20 (10%, 0.2 ml) was added. TLC shows it takes only about 5-10 min to cleave
the Schiff base but to remove the TBDMS ether one has to carry out the reaction 24 hrs at
R.T. Benzene (3x5 ml) was used to azeotrope TFA. The crude product was
chromatographed using 10% MeOH-CH2Cl2. Without characterization the compounds
were separately used to make the sulphonamides.
6-0O-Benzyl-2-phenylsulfonamide-4-hexyne-1, 3, 6-triol (30 and 31).

Compound 28 or 29 (0.2 g, 0.085 mmol) was dissolved in water (2 ml). Sodium
carbonate (0.27 g, 2.55 mmol) was added followed by benzenesulfonyl chloride (0.12 ml,
0.935 mmol). After 4 hrs. products were extracted into ether, the aqueous layer was
acidified with H3PO4 and extracted again into ether, the ether fractions were combined,
the solvent was rotavaped off and the residue was chromatographed using 5% MeOH-
CH2Clp, to give 83 mg of the desired product in 26% yield.

(2S, 3S)-6-O-Benzyl-2-phenylsulfonamide-4-hexyne-1, 3, 6-triol (30) [a]p = -3.7
(CHCI3, ¢=0.47); IR (film) 3300; 1H NMR & (CDCI3) 7.15-7.8 (M, 10H), 5.94 (d, 1H,
J=8.2 Hz, NH), 4.53 (broad peak, 1H), 4.40 (S, 2H), 3.88 ( S and M, 3H), 3.62 (broad M,
2H), 3.32 (broad M, 1H), 3.24 (broad peak, 1H); 13C NMR & (CDCI3) 140.3, 136.9
(quaternary aromatics), 132.6, 128.9, 128.4, 128.1, 127.9, 126.9 (aromatics), 84.0, 82.3,
71.7, 62.4, 62.1, 58.3, 57.1. Calcd. monoisotopic mass for C19H2105NS 375.11, m/z
376.05 [MH™], 141, 91

(2S, 3R)-6-O-Benzyl-2-phenylsulfonamide-4-hexyne-1, 3, 6-triol (31) [a]D = -13.8
(CHCI3, c=0.71); IR (film) 3300-3454; 1H NMR § (CDCl3) 7.1-7.8 (M, 10H), 6.03 (d,
1H, J=8.5 Hz), 4.45 (S with a broad base, 3H), 4.04 (S, 3H), 3.93 (dd, 1H, J=3.6 Hz, 11.5
Hz), 3.73 (broad M, 1H), 3.50 (M, 1H), 3.35 (M, 1H), 2.98 (broad S, 1H); 13C NMR &
(CDCI3) 140.2, 136.9 (quaternary aromatics), 132.8, 129.1, 128.4, 128.0, 127.9, 126.9
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(aromatics), 83.8, 83.4, 71.9, 64.2, 62.0, 57.8, 57.2; Calcd. monoisotopic mass for
C19H2105NS 375.11, m/z 376.20[MH ], 141,91
6-0-Benzyl-2-phenylsulfonamide-1, 3-O-isopropylidine-4-hexyne-1, 3, 6-triol (32
and 33).

Compound 30 or 31 (0.08g, 0.213 mmol) was dissolved in THF (3 ml). 2, 2-
dimethoxypropane (0.30 ml, 12 eq) was added followed by p-toluenesulfonic acid (4 mg,
0.1 eq). The solution was stirred at R.T. for 5 hrs., poured into sat. NaHCO3, extracted
with ether, the organic fraction dried with MgSQO4, the solvent removed and the residue
chromatographed using 60% hexane-EtOAc to give colorless oil (51 mg, 56% yield).

(2S, 3S)-6-O-Benzyl-2-phenylsulfonamide-1, 3-O-isopropylidine-4-hexyne-1, 3, 6-
triol (32) [a]D = -4.8 (CHCI3, c=.75); IR (film) 3284; IH NMR § 7.9-7.2 (M, 10H),
5.54 (d, 1H, J=9.3 Hz), 4.71 (broad d, 1H, J=1.6 Hz), 4.45 (S, 2H), 3.88 (M, 3H), 3.58
(dd, 1H, J=2.4, 12.3 Hz), 3.31 (broad dd, 1H, J=2.2, 9.3 Hz), 1.36 (S, 3H), 1.34 (S, 3H);
13C NMR § (CDCI3) 140.6, 137.7 (quaternary aromatics), 132.5, 128.8, 128.3, 127.9,
127.7, 126.8 (aromatics), 99.8 (quaternary, acetonide), 83.1, 81.4, 71.6, 63.7, 63.6, 56.9,
50.4, 28.7, 18.7 (CH3, acetonide). Calcd. monoisotopic mass for C22H2505NS 415.14,
m/z 415.45 [MH*], 141(PhSO2-1), 91 (PhCH2-*).

(2S, 3R)-6-0O-Benzyl-2-phenylsulfonamide-1, 3-O-isopropylidine-4-hexyne-1, 3, 6-
triol (33) [0]D = +4.04 (CHCI3, c=0.50); IR (film) 3261; 1H NMR § 7.2-7.95 (M, 10H),
5.33 (d, 1H, J=7.8 Hz), 4.51 (S, 2H), 4.43 (d, 1H, J=7.7 Hz), 4.08 (dd, 1H, J=4.2, 12.0
Hz), 4.01 (broad S, 2H), 3.57 (dd, 1H, J=7.7, 12.0 Hz), 3.33 (M, 1H), 1.46 (S, 3H), 1.40
(S, 3H); 13C NMR § (CDCI3) 146.4, 139.9 (quaternary aromatics), 132.9, 129.2, 128.4,
128.0, 127.9, 127.1 (aromatics), 99.6 (quaternary, acetonide), 83.1, 82.4, 71.8, 64.0, 62.8,
57.1 51.6, 26.6, 22.0 (CH3, acetonide); Calcd. monoisotopic mass for C22H2505NS
415.14, m/z 415.20 [MH*], 141, 91.
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(2S, 3S)-2-Phenylsulfonamide-1,3-O-isopropylidine-hexane-1, 3, 6-triol (34).

Compound 32 (0.05, 0.12 mmol) was dissolved in EtOAc (4 ml). 5% Pd on
activated carbon (2 mg, 2.5%) was added and stirred under hydrogen for 12 hrs. Filtering
the catalyst, evaporating off the solvent and chromatographing using 60% hexane-EtOAc,
then 60% EtOAc-hexane, gave colorless oil (7 mg, 16%) with [a]p =+61% (CHCIl3,
c=.19); IR (film); IH NMR & (CDCl3) 7.92-7.88 (M, 2H), 7.62-7.48 (M, 3H), 5.31 (d,
1H, J=10.2 Hz), 3.86 (M, 2H), 3.54 (M, 2H), 3.34 (dd, 1H, J=1.9Hz, 12.2 Hz), 3.16 (dd,
1H, J=1.8 Hz, 10.1 Hz), 1.63 (broad S, 1H), 1.44-1.60(M, 4H), 1.40 (S, 3H), 1.37 (S, 3H)
2-N-Acetyl-1, 3-O-diacetyl-6-O-benzyl-4-hexyne-1, 3, 6-triol (42).

Compound 41 was acetylated using 1:1 pyridine-Ac20 and 0.1 eq of DMAP. After
work-up including chromatography using 80% EtOAc-hexane, the product had [a]D
=+26.7 (CHCI3, c=1.26); IR (film) 3306, 1742, 1658; lH NMR § 7.30-7.22 (M, 5H),
5.90 (d, 1H, J=9.1 Hz, NH), 5.54 (dt, 1H, J=5.3 Hz, 1.6 Hz), 4.51 (M, 1H), 4.50 (S, 2H),
4.23 (dd, 1H, J=11.5 Hz, 6.0 Hz), 4.10 (dd, 1H, J=11.4 Hz, 5.3 Hz), 4.13 (d, 2H, J=1.7
Hz), 2.06 (S, 3H), 2.02 (S, 3H), 1.95 (S, 3H); 13C NMR § (CDCl3) 170.4, 169.9, 169.2
(C=0), 136.8 (quaternary, aromatic), 128.2, 127.8, 127.7 (aromatics), 83.1, 80.3, 71.4,
62.5,62.1, 56.8, 50.4, 22.8, 20.4 (CH3, acetate).
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3-0-(4-Methoxybenzyl)-1-propyne-3-ol.
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Propargyl alcohol (4.9 g, 0.017 mol) was dissolved in benzene (35 ml). 25% NaOH

(10 ml) was added followed by tetrabutylammonium bromide (1.4 g, 0.05 eq). The

reaction mixture was cooled and 4-methoxybenzyl chloride (11 g, 0.017 mol) was added

dropwise. After 12 hrs. at 50°C, the mixture was quenched with 3% HCl, extracted with

CH2CI2, dried using MgSO4, the solvent removed, and the residue dried at low vacuum

to give yellow oil (13.7 g, 88% yield) which NMR showed to be pure. It could be
distilled at 200°C under high vacuum to get a colorless oil with IR (film) 3300, 1H NMR
6 (CDCI3) 7.31 (d with fine coupling, 2H, J=8.7 Hz), 6.89 (d with fine coupling, 2H,

J=8.7 Hz), 4.54 (S, 2H), 4.14 (d, 2H, J=2.5 Hz), 3.79 (S, 3H), 2.48 (t, 1H, J=2.1 Hz), 13¢
NMR & (CDCI3) 159.3 (quaternary, aromatic), 129.7, 129.2, 113.7 (aromatics), 79.7 (C-
internal, alkyne), 74.5 (C-terminal, alkyne, 71.0 (CH2Ph), 56.6 (CH2), 55.1 (OMe).
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6-0-(4-Methoxybenzyl)-1-O-t-butyldimethylsilyl-2-N-(diphenylmethylene)-3-O-
acetyl-4-hexyne-1, 3, 6-triol (47).

Serine methyl ester Schiff base (1 g, 2.50 mol) was dissolved in 7 ml of dry
CH2Cl, cooled to -78°C and 0.5M DIBAL:TRIBAL solution in hexane (5 ml, 1 eq) was
added slowly at -78°C. The yellow solution was left at -78°C for 1/2hr.

Propargyl alcohol MPM ether (1.32 g, 3 eq) was cooled at 0°C and nBuLi (4.7 ml, 3
eq) was added slowly. The resultant white solid was left at 0°C for 1/2 hr. and cooled to
-78°C. The above solution was cannulated onto this solid using argon to develop
pressure. After 1 hr. at -78°C and slowly warming to R.T., the mixture was quenched
with sat. NaHCO3, extracted with CH2Cl2, dried with MgSO4 and filtered through
Celite. The solvent was removed and the residue chromatographed using 10% EtOAc-
hexane to give a yellow oil (0.5 g, 36% yield). Without characterization the products
were acetylated with a 1:1 mixture of pyridine and Ac20 (1.1 eq) and DMAP (0.1 eq) in
dry CH2Cl3. After 20 hrs. at R.T. sat. NaHCO3 was added and the products were
extracted into CH2Cl2 and chromatographed using 10% EtOAc-hexane to yield
acetylated overreduced products (0.25 g) and the desired product (0.23 g, 41% yield) with
[o)D = +24.0 (CHCI3, c=1.87); IR (film) 1746, 1615; 1H NMR & (CDCI3) 7.66-7.18 (M,
14H), 5.84 (dt, 1H, J=8.5 Hz), 4.48 (S, 2H), 4.15 (d, 2H, J=1.2 Hz), 3.94 (M, 3H), 3.79
(S, 3H), 2.09 (S, 3H), 0.88 (S, 9H), 0.05 (S, 3H), 0.00 (S, 3H); 13C NMR & (CDCl3)
170.7, 169.5, 159.2, 139.8, 136.3, 129.9, 129.6, 129.2, 128.7, 128.3, 128.1, 127.8, 113.6,
82.5, 82.3,70.9, 66.3, 64.1, 63.7, 56.8, 55.1, 25.8, 20.8, 18.3,-5.4, -5.5.
3-0-Acetyl-2-amino-6-0-(4-methoxybenzyl)-4-hexyne-1, 3, 6-triol (48).

Compound 47 (0.23 g) was dissolved in THF (1 ml). A 1:1 mixture of TFA and
H20 (0.01 ml) was added. After stirring 24 hrs. at R.T., sat. NaHCO3 was added and the
solution was extracted with CH2Cl2, dried, the solvent removed and the residue

chromatographed using 10% MeOH-CH2Cl3 to give colorless oil (90 mg, 75% yield)
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with [a]p = -20.6 (CHCI3, c=1.12); IR (film) 3320, 1651; IH NMR § (CDCl3) 7.17 (d,
2H, J=8.3 Hz), 6.77 (d, 2H, J=8.4), 4.60 (broad d, 1H, J=3.6 Hz), 4.38 (S, 2H), 4.05 (S,
2H), 3.99 (M, 1H), 3.69 (S, 3H), 3.97-3.67 (M, 2H), 1.91 (S, 3H); 13C NMR & (CDCl3)
1719, 159.3, 129.8, 128.9, 113.8, 84.9, 81.7, 71.3, 61.8, 61.5, 56.8, 55.4, 55.2, 23.1.
2-N-Acetyl-1, 3-O-diacetyl-6-O-(4-methoxybenzyl)-4-hexyne-1, 3, 6-triol (49).

compound 48 was acetylated and chromatographed using 10% EtOAc-hexane to
give a colorless oil (0.08 g, 70% yield) with [a]p = +23.8 (CHCI3, c=1.4); IR (film)
3297, 1744; 1H NMR & (CDCI13) 7.23 (complex d, 2H, J=8.7 Hz), 6.84 (complex d, 2H,
J=8.7 Hz), 5.94 (d, 1H, J=9.1 Hz, NH), 5.57 (dt, 1H, J=5.4, 1.6 Hz), 4.52 (M, 1H), 4.45
(S, 2H), 4.25 (dd, 1H, J=11.5, 6.0 Hz), 4.12 (dd, 1H, J=11.4, 5.4 Hz), 4.11 (d, 2H, J=1.7
Hz), 3.76 (S, 3H), 2.07 (S, 3H), 2.04 (S, 3H), 1.97 (S, 3H); 13C NMR & (CDCI3) 170.6,
169.8, 169.3, 159.3, 129.7, 128.9, 113.7, 83.0, 80.3, 71.2, 62.6, 62.3, 56.6, 55.1, 50.5,
23.1, 20.6.
2-N-Acetyl-1, 3-O-diacetyl-4-hexyne-1, 3, 6-triol (50).

Compound 49 (0.1 g, 0.255 mmol) was dissolved in CH2Cl2-H2O (1 ml, 18:1).
The solution became dark green after the addition of DDQ (0.087 g, 1.5 eq). Stirring at
R.T. for 1 1/2hrs., filtering the DDQ, washed with CH2Cl2, washing the combined
organic fractions with Sat. NaHCO3, sat. NaCl, drying, removing the solvent, and
chromatographing with 10% hexane-EtOAc, 5% hexane-EtOAc and finally with EtOAc
gave the desired product (10 mg, 15% yield) with [a]p =+23.8 (CHCI3, c=0.53); IR
(film) 3300, 1744; 1H NMR 8 (CDCI3) 6.15 (d, 1H, J=8.6 Hz, NH), 5.49 (broad d, 1H,
J=4.3 Hz), 4.52 (M, 1H), 4.23 (M, 1H), 4.23(S, 2H), 4.13 (dd, 1H, J=11.4 Hz, 5.3 Hz),
3.0 (broad S, OH), 2.07 (S, 3H), 2.05 (S, 3H), 2.01 (S, 3H); 13C NMR & (CDCI3) 170.9,
170.6, 169.5, 85.7, 79.5, 62.8, 62.4, 50.6, 50.5, 23.2, 20.7.
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13C NMR chemical shifts (ppm)

47 BisTBDMS 48
R1 TBDMS TBDMS H
R2 =(Ph)2 =(Ph)2 H2
R3 Ac TBDMS Ac
1 63.7 64.4 61.5
2 64.1 64.3 55.4
3 66.3 69.0 61.8
4 82.5 86.4 84.9
5 82.4 86.4 81.7
6 56.8 57.0 56.8
7 70.9 70.8 71.3
8 55.1 55.2 55.2
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30 (no PMB)
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X ~on
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1AcO
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Ph —(
1 2 3 4 2 6 Z 8
64.4 70.3 68.2 82.5 81.8 56.8 70.8 55.2
56.7 70.9

2-N-(Diphenylmethylene)-1-phenyl-6-trimethylsilyl-S-hexyne-3-ol (35).

Magnesium (0.1 g, 4.1 mmol), mercury (II) chloride (4 mg, 0.015 mmol), 3-bromo-
1-(trimethylsilyl)-1-propyne (0.03 ml) and dry ether (5 ml) were refluxed for a few
minutes. The rest of the bromide (0.28 ml, total amount 2.1 mmol) in 1 ml of dry ether
was added to the above solution slowly at R.T. Stirring at R.T. for 2 hrs. gave a green-ash
color solution with a few Mg pieces at the bottom of the flask.

N-Diphenylmethylenephenylalanine methyl ester (0.25 g, 0.728 mmol) was
dissolved in CH2Cl2 (7 ml, 0.1M), cooled to -78°C, and 0.5M DIBAL/TRIBAL (1.45 ml,
0.725 mmol) was added slowly. The freshly prepared Grignard solution above was added
to this yellow solution and stirred at -78°C for 3 hrs. Saturated NaHCO3 was added, the
products were extracted with CH2Cl2, dried with NapCO3, filtered through Celite, the
solvents removed and the residue chromatographed using 10% EtOAc-hexane, then 20%
EtOAc-hexane to give the desired product mixture (0.2 g, 66% yield). This was
converted to the acetates in order to get the diastereomeric ratio (1:1.8). Since the two
diastereomers were inseparable, separate product batch (35) was treated with TFA (0.1

eq) in THF to remove the Schiff base and gave 0.067 g (54%) of the B-amino alcohol.
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This B-amino alcohol was acetylated to obtain two bis-acetates which were separable by
column chromatography.
3-0-Acetyl-2-N-acetyl-1-phenyl-6-trimethylsilyl-5-hexyne-3-ol (38-less polar)

IR (film) 3280, 2180, 1745, 1650, 1551; 1H NMR & (CDCI3) 7.3-7.1 (M, 5H), 5.80
(d, 1H, J=9.2 Hz), 5.02-4.95 (g, 1H, J=6.3 Hz), 4.62-4.47 (M, 1H), 3.00-2.92 (dd, 1H,
J=5.4, 14.3 Hz), 2.76-2.66 (dd, 1H, J=9.0, 14.3 Hz), 2.65-2.47 (ABX, 2H, J=6.1, 6.5, 18.1
Hz), 2.07 (S, 3H), 1.83 (S, 3H), 0.14 (S, 9H); 13C NMR § (CDClI3) 170.3, 169.6 (C=0),
137.1 (quaternary aromatic), 128.9, 128.5, 126.6 (aromatics), 101.7 (alkyne), 72.7
(CHO), 51.9 (CHN), 36.2 (CH2Ph), 23.2 (CH3, acetate), 22.6 ((CH2), 20.9 (CH3,
acetate), -0.13 (CH3Si).
3-0-Acetyl-2-N-acetyl-1-phenyl-6-trimethylsilyl-5-hexyne-3-ol (38-more polar)

IR (film) 3278, 2178, 1739, 1650, 1544; lH NMR § (CDCI3) 7.3-7.1 (M, 5H), 5.65
(d, 1H, J=9.5 Hz), 5.05-4.98 (dt, 1H, J=2.3, 6.7 Hz), 4.52-4.42 (M, 1H), 2.81-2.71 (ABX,
2H, J=4.6 Hz, 5.7, 11.6 Hz), 2.48 (d, 2H, J=6.6 Hz), 2.11 (S, 3H), 1.96 (S, 3H), 0.12 (S,
9H); 13C NMR § (CDCIl3) 136.9 (quaternary, aromatic), 129.1, 128.6, 126.7 (aromatics),
101.3, 87.5 (alkyne), 71.2 (CHO), 52.2 (CHN), 38.5 (CH2Ph), 23.4 (CH3, acetate), 23.3
(CH2), 20.8 (CH3, acetate), -0.13 (CH3Si).
6-Phenyl-1-trimethylsilyl-1-hexyne-4-ol (51).

Preparation of activated Zn: Zn (2g) was stirred in 2% HCI (5 ml) for 1 min. Acid
was removed by filtration. This Zn was washed with 2% HCI (5 ml), distilled water (3x5
ml), 95% ethanol (2x5 ml) and finally with 5 ml of absolute ether, and dried well.

Activated Zn (0.27 g, 4.13 mmol), 1,2-dibromoethane (0.004 ml, 0.046 mmol) in 2
ml of THF was refluxed for few minutes. After cooling to 0°C, 3-bromo-1-TMS propyne
(0.3 ml, 2.11 mmol) in 2 ml of THF was added. After stirring at R.T. for 4 hr.,
hydrocinnamaldehyde (0.15 ml, 1.06 mmol) was added to the resulted ash colored

solution which was stirred for 2 hrs. Quenching with sat. NH4Cl, extracting with
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CH2Cl2, drying, and rotavaping off the solvents gave 0.43 g of crude oil.
Chromatographing the products on a silica gel column using 10% EtOAc-hexane gave
0.143 g (53%) of pure product with IR (film) 3387, 2175, 1249, 1H NMR § (CDCl3)
7.33-7.17 (M, 5H), 3.81-3.71 (p, 1H, J=5.9 Hz), 2.88-2.64 (M, 2H), 2.54-2.34 (ABX, 2H,
J=5.1Hz, 7.5 Hz, 16.8 Hz), 2.12 (broad S, 1H, OH), 1.91-1.82 (q, 2H, J=7.2 Hz), 0.18 S,
9H); 13C NMR & (CDCl3) 141.7, 128.4, 125.8, 102.9, 87.7, 69.0, 37.7, 31.7, 28.9, 0.0.
6-Phenyl-1-hexyne-4-ol (54).

Propargyl bromide (0.1 ml), magnesium (0.19 g, 7.9 mmol) and mercury (II)
chloride (0.01 g, 0.036 mmol) in 10 ml of dry ether were refluxed for 10 min, cooled to
0°C and the rest of the bromide (1 g, total of 7.4 mmol) was added slowly. The reaction
started after 15 min at R.T. After 1 1/2 hrs. at R.T., cooling adding hydrocinnamaldehyde
(0.53 g, 3.73 mmol) stirring 1/2 hr. at 0°C, then 1/2 hr. at R.T., quenching with NH4Cl,
extracting with CH2Cl2, drying and removing the solvent (0.62 g (95%) of desired
product), chromatography with 20% EtOAc-hexane, gave 0.54 g (83%) of the pure
compound with IR (film) 3400, 2111; 1H NMR 8 (CDCI3) 7.30-7.14 (M, 5H), 3.79-3.73
(M, 1H), 2.85-2.61 (M, 2H, J=7.6 Hz, 8.0 Hz, 13.8 Hz), 2.47-2.27 (two ddd, 2H, J=2.6
Hz, 4.9 Hz, 16.6 Hz, J=2.6 Hz, 6.5 Hz, 16.7 Hz), 2.24 (d, 1H, J=4.2 Hz, OH), 2.04 (t, 1H,
J=2.6 Hz), 1.89-1.80 (M, 2H, J=8.0 Hz); 13C NMR § (CDCI3) 141.5, 128.3, 125.8, 80.7,
70.9, 68.9, 37.6, 31.8, 27.3.
4-0-MOM-6-phenyl-1-hexyne-4-ol (55).

Compound 54 (0.49 g, 2.81 mmol) was dissolved in diisopropylethylamine (5.5 ml),
cooled to 0°C and MOMCI (1 ml, 5 eq) was added very slowly. The ice bath was left to
melt slowly, and at R.T. for 8 hrs. Sat. NaCl was added and the solution was extracted
with CH2Cl2. Chromatography with 10% EtOAc-hexane gave colorless oil (0.48 g,
79%) with IR (film) 3291, 2111(small peak); lH NMR & (CDCI3) 7.32-7.14 (M, 5H),
4.75 (d, 1H, J=7.1 Hz), 4.67 (d, 1H, J=7.1 Hz), 3.76-3.67 (p, 1H, J=5.8 Hz), 3.42 (S, 3H),
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2.85-2.62 (M, 2H), 2.50-2.46 (ddd, 2H, J=1.1 Hz, 1.8 Hz, 2.6 Hz), 2.02-1.93 (M, 2H);
13C NMR & (CDCI3) 141.7, 128.3, 125.8, 95.9, 80.6, 75.2, 70.1, 55.6, 35.7, 31.5, 24.5.
4-0-MOM-6-phenyl-1-trimethyisilyl-1-hexyne-4-ol (52)

To compound 55 (0.17 g, 0.779 mmol) dissolved in 3 ml of THF, cooled to 0°C,
nBuLi (0.5 ml, 1 eq) was added slowly, and left at 0°C for 1 1/2 hrs. To this mixture
TMS imidazole (0.14 ml, 1.2 eq) was added and the ice bath was allowed to melt. After
12 hrs. at R.T. sat. NaCl was added. The solution was extracted into CH2ClI2, dried and
the solvent removed to give 0.224 g of the crude. Chromatography with 10% EtOAc-
hexane gave 0.195 g (86%) of pure compound with IR (film) 2176, 1042, 843; 1H NMR
8 (CDCI3) 7.35-7.15 (M, 5H), 4.76 (d, 1H, J=7.0 Hz), 4.67 (d, 1H, J=7.0 Hz), 3.77-3.67
(M, 1H), 3.42 (S, 3H), 2.85-2.63 (M, 2H), 2.60-2.42 (ddd, 2H, J=5.5 Hz, 6.6 Hz, 16.9
Hz), 2.07-1.93 (M, 2H), 0.15 (S, 9H); 13C NMR § (CDCl3) 141.9, 128.3, 125.8, 103.5,
95.9, 86.5, 75.5, 55.6, 35.9, 31.4, 26.0, 0.00.
6-Phenyl-4-O-trimethylsilyl-1-trimethylsilyl-1-hexyne-4-ol (53)

Compound 55 (0.5 g, 2.87 mmol) was dissolved in 5 ml of THF, cooled to -78°C,
and nBuLi (3.6 ml, 2 eq) was added. After 10 min, TMS-imidazole (1 ml, 2.4 eq) was
stirred in, and the mixture was left at -78°C for 1/2 hr. and 1 hr. at R.T. Sat. NaCl was
added and the solution extracted with CH2Cl2, dried with MgSO4, and the solvent
removed to give 0.63 g (69%) of product. Chromatography using 5% EtOAc-hexane
gave a colorless oil with IR (film) 2176, 1249, 841; 1H NMR & (CDCI3) 7.33-7.16 (M,
5H), 3.90-3.80 (M, 1H), 2.82-2.54 (M, 2H), 2.40 (d, 2H, J=6.3 Hz), 2.02-1.74 (M, 2H),
0.16 (S, 18H); 13C NMR & (CDCl3) 142.1, 128.3, 125.7, 104.4, 86.3, 70.9, 38.6, 31.6,
29.0, 0.43, 0.06.
5-0-MOM-7-phenyl-2-heptyne-5-o0l (56).

Compound 55 (1 g, 4.58 mmol) was dissolved in THF (10 ml), cooled to 0°C, 1.6M
nBuLi (2.8 ml, 1 eq) was added, the mixture was stirred for 10 min, and Mel (0.4 ml, 1.2
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eq) was added. Reaction was complete after 3 hrs. but there was no change in Rf value.
Sat. NaCl was added, the solution was extracted with CH2Cl2, dried over MgSO4, and
the solvents rotavaped off to give 1.01 g (94%) of pure compound as a colorless oil.
Further purification was not essential but passing through a silica gel column using 10%
EtOAc-hexane gave 0.83 g (78%) of the desired compound with IR (film) 2922, 1038;
1H NMR § (CDCI3) 7.34-7.16 (M, 5H), 4.78 (d, 1H, J=6.9 Hz), 4.70 (d, 1H, J=6.9 Hz),
3.74-3.64 (p, 1H, 5.7 Hz), 3.44 (S, 3H), 2.86-2.60 (M, 2H), 2.47-2.41 (M, 2H, J=2.5 Hz,
5.1 Hz), 2.04-1.92 (M, 2H), 1.79 (t, 3H, J=2.5 Hz); 13C NMR § (CDCl3) 141.9, 128.3,
125.7, 125.5, 95.7, 76.5, 75.6, 75.2, 55.5, 35.8, 31.6, 24.7, 3.5.

5-0-MOM-2, 3-dioxo-7-phenyl-heptane-5-ol (57)

NalO4 (0.99 g, 4.6 mmol) was dissolved in 6 ml of water, cooled to 0°C, and
Ruthenium (IV) oxide hydrate (2 mg, 0.015 mmol) was added. (When NalO4 solution
is treated with black RuO2 it should give a yellow homogeneous solution.) Compound
56 (0.27 g, 1.16 mmol) in 8 ml of CH3CN-CCl4 (1:1 mixture) was added slowly. After 1
hr at 0°C and 12 hrs. at R.T., the organic layer was separated the aqueous layer was
extracted with CH2Cl2, the combined organic layers were dried with MgSO4, the solvent
was rotavaped off and the residue was chromatographed with 10% EtOAc-hexane to
yield 0.18 g (40%) of product with IR (film) 1714, 1029; IH NMR & (CDCI3) 7.25-7.10
(M, 5H), 4.58-4.50 (AB, 2H, J=7.0 Hz), 4.04-3.97 (M, 1H), 3.21 (S, 3H), 3.12-3.02 (dd,
1H, J=8.0 Hz, 16.1 Hz), 2.69-2.57 (M, 3H), 2.24 (S, 3H), 1.86-1.73 (M, 2H); 13CNMR &
(CDCI3) 197.1, 196.9, 141.5, 128.4, 128.3, 125.9, 125.6, 96.5, 74.6, 55.5, 41.3, 37.2,
31.6, 23.3.
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APPENDIX

I AND 13C NMR SPECTRA
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Partl: 1H AND 13C NMR SPECTRA
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Part2: 1H AND 13C NMR SPECTRA
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Crystal structure data



Table 2.8: Positional parameters and their estimated standard deviations

Beq = (8112/3)(U11+ U22 +U33)

Atom
O1
02
03

C1
C2
C3
C4
Gs
Cé6

C8

C10
C11
C12
C13
Cl4
C15
Cle6
C17
Ci18

X
0.2231(3)
0.4408(3)
0.1665(3)
0.0432(3)
0.3142(5)
0.3012(4)
0.1945(4)
0.2682(4)
0.2761(6)
0.0627(4)
-0.0928(4)
-0.1056(5)
-0.2505(6)
-0.3814(5)
-0.3692(5)
-0.2261(4)
0.1388(4)
0.1176(5)
0.1842(5)
0.2700(5)
0.2904(4)
0.2246(4)

Y
0.7595(2)
0.7840(3)
0.8629(2)
0.8009(2)
0.7746(4)
0.7676(3)
0.7463(3)
0.7811(3)
0.6947(3)
0.8941(2)
0.9290(2)
0.9587(3)
0.9919(4)
0.9983(3)
0.9688(3)
0.9351(3)
0.9847(2)
0.9958(3)
1.0803(3)
1.1549(3)
1.1457(3)
1.0610(3)

Z

0.4407(1)
0.3571(2)
0.1565(1)
0.2864(2)
0.5229(2)
0.3626(2)
0.2809(2)
0.1897(2)
0.1190(3)
0.2295(2)
0.1893(2)
0.0981(2)
0.0639(3)
0.1193(3)
0.2101(3)
0.2439(3)
0.2828(2)
0.3761(2)
0.4226(3)
0.3756(3)
0.2831(3)
0.2371(3)

B( A°2)
4.23(5)
5.43(6)
3.75(5)
2.89(5)
6.2(1)

3.53(7)
3.00(6)
3.28(7)
5.3(1)

2.99(6)
3.31(7)
4.41(9)
5.69(9)
5.7(1)

4.78(9)
3.93(8)
2.75(6)
3.92(8)
5.04(9)
4.85(9)
4.49(8)
3.62(7)
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Table 2.9: Bond distances in Angstroms

Atoms Distance Atoms Distance
0O1-C1 1.4414) C7-C8 1.392(5)
01-C2 1.325(4) C7-C12 1.384(5)
02-C2 1.200(4) C8-C9 1.389(6)
03-C4 1.430(4) C9-C10 1.374(7)
03-C6 1.440(4) C10-C11 1.385(6)
N-C3 1.456(4) C11-C12 1.375(5)
N-C6 1.453(4) C13-C14 1.387(4)
C2-C3 1.524(5) C13-C18 1.380(4)
C3-C4 1.5384) C14-C15 1.387(5)
C4-C5 1.507(5) C15-C16 1.374(6)
C6-C7 1.5074) C16-C17 1.372(5)
C6-C13 1.528(4) C17-C18 1.382(5)

Table 2.10: Bond angles in Degrees

Atoms Angle Atoms Angle

C1-01-C2 116.4(3) C7-C6-C13 110.3(2)
C4-03-C6 108.2(2) C6-C7-C8 121.5(3)
C3-N-C6 104.7(2) C6-C7-C12 120.0(3)
01-C2-02 124.2(3) C8-C7-C12 118.5(3)
01-C2-C3 111.7(3) C7-C8-C9 119.7(4)
02-C2-C3 124.0(3) C8-C9-C10 121.0(4)

N-C3-C2 113.1(2) C9-C10-C11 119.4(4)



N-C3-C4
C2-C3-C4
03-C4-C3
03-C4-C5
C3-C4-Cs
03-C6-N
03-C6-C7
03-C6-C13
N-C6-C7
N-C6-C13

105.6(2)
113.1(3)
105.0(2)
108.5(3)
114.0(3)
105.8(2)
108.8(2)
109.2(3)
111.3(3)
111.3(2)

C10-C11-C12
C7-C12-C11

C6-C13-C14

C6-C13-C18

C14-C13-C18
C13-C14-C15
C14-C15-C16
C15-C16-C17
C16-C17-C18
C13-C18-C17

119.6(4)
121.7(3)
121.6(3)
119.9(3)
118.4(3)
120.6(4)
119.9(4)
120.2(4)
119.8(4)
121.1(3)

Table 2.11: Positional parameters and their estimated standard deviations

Atom

H1
HY'
H1"
H3
H4
H5
HS'
H5"
H14
H15

X

Y

-0.032(5) 0.753(3)

0.249
0.396
0.359
0.181
0.374
0.322
0.339
0.172
0.057
0.171

0.767
0.723
0.843
0.672
0.803
0.722
0.638
0.670
0.945
1.087

yA
0.265(3)
0.575
0.524
0.522
0.282
0.200
0.065
0.142
0.106
0.409
0.487

B( AOZ)
5.0
5.0*
5.0*
5.0*
5.0*
5.0%
5.0*
5.0%
5.0*%
5.0
5.0%
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H16 0.315

H17 0.350

H18 0.239

HS8 -0.016

H9 -0.259

H10 -0.480

Hi1 -0.459

H12 -0.218

Starred atoms are not refined.

1.213
1.197
1.055
0.955
1.011
1.022
0.972
0915

0.407
0.251
0.173
0.059
0.001
0.095
0.249
0.306

Table 2.12: Bond distances in Angstroms

Atom
N-NH
C1-H1
Cl1-HI'
C1-H1"
C3-H3
C4-H4
C5-H5
C5-H5'
C5-H5"
C8-H8

distance
0.93(5)

0.950(4)
0.950(5)
0.950(5)
0.950(3)
0.950(3)
0.950(4)
0.950(4)
0.950(5)
0.950(4)

Atom
C9-H9
C10-H10
Cl1-H11
C12-H12
C14-H14
C15-H15
C16-H16
C17-H17
C18-H18

5.0
5.0
5.0*%
5.0
5.0*
5.0*
5.0*%
5.0%

distance
0.950(4)
0.950(4)
0.950(4)
0.950(4)
0.950(4)
0.950(4)
0.950(4)
0.950(4)
0.950(4)
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Table2.13: Bond angles in Degrees

Atom
C3-N-HN
C6-N-HN
O1-C1-H1
0O1-C1-H!'
O1-C1-H1"
H1-C1-H1'
H1-C1-H1"
H1'-C1-H1"
N-C3-H3
C2-C3-H3
C4-C3-H3
03-C4-H4
C3-C4-H4
C5-C4-H4
C4-C5-H5
C4-C5-H5'
C4-C5-H5"
H5-C5-HS'
H5-C5-H5"
HS5'-C5-H5"

Angle
106.(3)
114.(3)
110.6(4)
108.7(3)
109.1(4)
109.5(4)
109.5(4)
109.5(4)
111.3(3)
103.2(3)
110.7(3)
114.4(3)
109.4(3)
105.8(3)
109.6(3)
109.3(3)
109.5(3)
109.5(4)
109.54)
109.5(4)

Atom
C7-C8-H8
C9-C8-H8
C8-C9-H9
C10-C9-H9
C9-C10-H10
C11-C10-H10
C10-C11-H11
C12-C11-H11
C7-C12-H12
C11-C12-H12
C13-C14-H14
C15-C14-H14
C14-C15-H15
C16-C15-H15
C15-C16-H16
C17-C16-H16
C16-C17-H17
C18-C17-H17
C13-C18-H18
C17-C18-H18

Angle

119.9(4)
120.4(4)
119.5(5)
119.5(5)
120.3(5)
120.3(5)
120.3(4)
120.1(4)
118.9(3)
119.4(4)
119.7(3)
119.7(3)
120.1(4)
120.0(4)
119.9(4)
119.9(4)
120.2(4)
120.0(4)
119.4(3)
119.5(3)
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Table 2.14: Torsion angles inDegrees

Atoms
C2-0O1-C1-H1
C2-01-C1-H1"
C1-01-C2-C3
C6-03-C4-C5
C4-03-C6-N
C4-03-C6-C13
C6-N-C3-C4
HN-N-C3-C2
NH-N-C3-H3
C3-N-C6-C7
HN-N-C6-03
NH-N-C6-C13
01-C2-C3-C4
02-C2-C3-N
02-C2-C3-H3
N-C3-C4-C5
C2-C3-C4-03
C2-C3-C4-H4
H3-C3-C4-C5
03-C4-C5-H5
03-C4-C5-H5"
C3-C4-C5-HY'
H4-C4-C5-H5

Angle
-179.61(0.38)
59.90(0.49)
177.93(0.32)
135.06(0.28)
-29.06(0.31)
90.84(0.28)
-25.03(0.30)
-139.72(2.63)
-24.06(2.64)
151.42(0.25)
-82.11(2.85)
159.41(2.85)
165.82(0.27)
-137.87(0.35)
101.72(0.39)
-110.75(0.32)
-116.34(0.28)
6.85(0.40)
9.85(0.42)
63.24(0.45)
-56.87(0.39)
-60.21(0.47)
-59.90(0.45)

Atoms
C2-01-C1-HI'
C1-01-C2-02
C6-03-C4-C3
C6-03-C4-H4
C4-03-C6-C7
C6-N-C3-C2
C6-N-C3-H3
HN-N-C3-C4
C3-N-C6-03
C3-N-C6-C13
HN-N-C6-C7
01-C2-C3-N
01-C2-C3-H3
02-C2-C3-C4
N-C3-C4-03
N-C3-C4-H4
C2-C3-C4-C5
H3-C3-C4-03
H3-C3-C4-H4
03-C4-C5-HS'
C3-C4-C5-H5
C3-C4-C5-H5"
H4-C4-C5-HS'

Angle
-59.41(0.50)
1.67(0.54)
12.80(0.31)
-107.15(0.31)
-148.75(0.25)
99.12(0.29)
-145.22(0.26)
06.14(2.64)
33.40(0.29)
-85.08(0.29)
35.91(2.86)
45.86(0.37)
-74.54(0.34)
-17.91(0.48)
7.83(0.31)
131.03(0.29)
125.07(0.33)
128.43(0.28)
-108.37(0.33)
-176.79(0.33)
179.82(0.33)
59.71(0.42)
60.07(0.44)
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H4-C4-C5-HS5"
03-C6-C7-C12
N-C6-C7-C12
C13-C6-C7-C12
03-C6-C13-C18
N-C6-C13-C18
C7-C6-C13-C18
C6-C7-C8-H8
C12-C7-C8-H8
C6-C7-C12-H12
C8-C7-C12-Hi2
C7-C8-C9-H9
H8-C8-C9-H9
C8-C9-C10-H10
H9-C9-C10-H10
C9-C10-C11-H11
H10-C10-C11-H11
C10-C11-C12-H12
H11-C11-C12-H12
C6-C13-C14-H14
C18-C13-C14-H14
C6-C13-C18-H18
C14-C13-C18-H18
C13-C14-C15-H15
H14-C14-C15-H15

180.00(0.44)
162.20(0.28)
45.98(0.39)
-78.10(0.36)
37.17(0.38)
153.63(0.29)
-82.30(0.36)
1.70(0.55)
179.84(0.34)
-1.71(0.50)
-179.87(0.32)
-179.41(0.39)
-0.15(0.67)
179.11(0.41)
-0.02(0.70)
-179.44(0.39)
-0.05(0.64)
179.83(0.34)
0.26(0.57)
1.76(0.54)
178.56(0.34)
-2.15(0.50)
-179.01(0.33)
-178.78(0.38)
1.29(0.68)

03-C6-C7-C8
N-C6-C7-C8
C13-C6-C7-C8
03-C6-C13-Ci14
N-C6-C13-C14
C7-C6-C13-C14
C6-C7-C8-C9
C12-C7-C8-C9
C6-C7-C12-C11
C8-C7-C12-C11
C7-C8-C9-C10
H8-C8-C9-C10
C8-C9-C10-C11
H9-C9-C10-C11
C9-C10-C11-C12
H10-C10-C11-C12
C10-C11-C12-C7
H11-C11-C12-C7
C6-C13-C14-C15
C18-C13-C14-C15
C6-C13-C18-C17
C14-C13-C18-C17
C13-C14-C15-C16
H14-C14-C15-C16
C14-C15-C16-C17

-19.69(0.40)
-135.91(0.31)
100.01(0.35)
-146.07(0.30)
-29.61(0.42)
94.45(0.36)
-179.04(0.34)
-0.90(0.53)
178.59(0.31)
0.43(0.51)
1.47(0.62)
-179.28(0.40)
-1.50(0.64)
179.37(0.41)
1.00(0.59)

-179.61(0.37)

-0.48(0.55)
179.96(0.47)
-178.18(0.34)
-1.38(0.53)
177.90(0.31)
1.03(0.50)
0.98(0.61)
-178.95(0.39)
-0.22(0.61)

254



C14-C15-C16-H16
H15-C15-C16-H16
C15-C16-C17-H17
H16-C16-C17-H17
C16-C17-C18-H18
H17-C17-C18-H18

179.27(0.38)
-0.97(0.69)
-179.93(0.44)
0.58(0.62)
179.75(0.34)
-0.44(0.58)

H15-C15-C16-C17
C15-C16-C17-C18
H16-C16-C17-C18
C16-C17-C18-C13
H17-C17-C18-C13

255

179.54(0.40)
-0.13(0.58)
-179.61(0.37)
-0.29(0.54)
179.52(0.33)



