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Thesis Abstract
This thesis deals with the synthesis and decomposition of diazodeoxy furanose
sugar derivatives. The decomposition of these diazodeoxy sugars not only led to the
desired insertion products, but also novel ketone derivatives and dimeric ethers.
Furthermore, a new synthetic pathway was discovered for the synthesis of azidodeoxy
compounds through an interesting side-reaction en route to one of these diazodeoxy

sugars.
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Introduction

Carbohydrates

Carbohydrates are the most abundant organic molecules on earth;'* they are used
to store energy and transport energy. Carbohydrates perform other essential biological
functions such as cell-cell recognition and cell-external agent interactions.® They are also
used to carry biological information, for example the body uses carbohydrates to
differentiate between the different blood groups A, B, and H (Figure 1). Simple
carbohydrates have the empirical formula C,(H,0),, where an oxygen atom is attached to
each carbon. Derivatives containing nitrogen and sulfur can be synthesized, altering this
empirical formula. Carbohydrates can be broken down into three main groups:

monosaccharides, oligosaccharides, and polysaccharides.

ey e o

HO
OH OH OH

Blood group A Blood group B Blood group H

Figure 1: Differentiation of blood groups by oligosaccharide structure.

A monosaccharide is a single carbohydrate unit."? These sugars can be classified
as either aldoses or ketoses (Figure 2). An aldose sugar contains an aldehyde functional
group at C-1 while all other carbons have one hydroxyl group attached. A ketose sugar

has a ketone functional group within the chain and primary alcohols on either end of the



chain. Monosaccharides can also be classified by the number of carbons in the chain, for
example a three carbon chain would be a triose, four carbon chain a tetrose, five carbon
chain a pentose and so on. These two classifications can be combined to give a

carbohydrate a generic name; for example, glucose is an aldohexose.

H\(I:/o CHZOH

H—(i‘,—OH (13=O
CH,0H CH,0OH

aldotriose ketotriose

Figure 2: Fischer projections of glyceraldehyde and dihydroxyacetone.

Monosaccharides can be drawn in the Fischer projection,” the Haworth projection,
and the chair form. A closer look at these depictions reveals that each carbon has a chiral
center, which gives rise to different isomers that have the same formula, but different
physical and chemical properties. For example mannose and glucose are both
aldohexoses, but the different configuration of the stereocenter at C-2 changes their
physical and chemical properties (Figure 3). Taking a closer look at chirality, a sugar can

be classified either D- or L- depending on the configuration at the next to the last carbon.

CHO CHO CHO CHO
HO——H H——OH H——OH HO——H
HO——H H——OH HO—+H H——OH

H——OH HO——H H——OH HO——H
H——OH HO——H H——OH HO——H

CH20H CH,0H CH0OH CH,O0H

D-mannose L-mannose D-glucose L-glucose

Figure 3: Fischer projections of mannose and glucose.



In solution monosacchrides can adopt different forms and conformations;’
glucose is depicted below in Figure 4. The acyclic form can cyclize forming a lactol or
cyclic hemiacetal. A 5-membered ring is called furanose, the 6-membered ring pyranose.
Glucose can be classified as either the o or § anomer depending on the orientation of the

hydroxyl group at the acetal/hemiacetal carbon or the anomeric carbon on the ring.

HO
i p HO
Hoo 2
OH OH

OH OH OH
o-D-glucopyranose \ / a-D-glucofuranose
#R 0
OH OH “
HO R sy ~f
< - ——— HO 'l"OH
HO" oOH. T
OH
OH HO HO
OH / \ s o
0]
HO
OH OH OH
B-D-glucopyranose B-D-glucofuranose

Figure 4: Glucose in solution.

Protecting groups are used to mask part of the carbohydrate,** allowing access to
only a specific area of the molecule, and they can also be used to lock the ring structure
of a monosaccharide. For example, D-glucose can be locked in a 6-membered ring with
the use of acetate protecting groups or it can be locked in a 5-membered ring with the use
of isopropylidene protecting group(s) (Figure 5). Other protecting groups can be used to
give similar results. Acetate protecting groups have been known to migrate and their

selectivity is unreliable and reagent-specific. Isopropylidene protecting groups are acid-



stable and are used to block pairs of hydroxyls. When choosing protecting groups, one
must find a group that is stable to subsequent reaction conditions and that can easily be

put onto the molecule or removed.

(0]
OAc ><O OH
(0] —0
AcO OAC
AcO (o]
OAc 04

1,2,3,4,6-penta-O-acetyl-B-D-glucopyranose 1,2;5,6-diacetone-D-glucose

Figure 5: Glucose with acetate and isopropylidene protecting groups.

Oligosaccharides have 2-10 monosaccharide units linked together through
glycosidic bonds."? Table sugar (sucrose) is an example of a disaccharide or an

oligosaccharide, which is comprised of a glucose and a fructose unit (Figure 6).

HO
HO OH

6}
HO

(0]
HO
:o'io
CH,OH
OH
B-D-fructofuranosyl-a-D-glucopyranoside

Figure 6: Sucrose.

Polysaccharides are comprised of 10 or more sugar units linked together.'?

Cellulose, found in plants, is an example of a glucopyranose-based polysaccharide



(Figure 7). The units are linked together at C-1 and C-4 through a B-1,4-linkage, hence

the name poly [B(1-4)-glucopyranose].

OH OH OH OH
o) o) Q O
O (0] (0]
HO HO HO HO
OH OH OH OH
n

poly [B(1-4)-glucopyranose]

Figure 7: Repeating structure of cellulose.

Branched-chain sugars

Glycosides and branched-chain sugars are carbohydrate derivates.” Glycosides
have a (non-carbohydrate) group attached to the anomeric carbon of a sugar molecule
through a glycosidic bond. This group can be either an -OR, -SR, -NR, or -CR group,
thus denoting the compound as an O-, S-, N-, or C-glycoside, respectively. Branched-
chain sugars are carbohydrates that have a carbon substituent directly attached to a non-
terminal carbon. A long-held interest in carbon-carbon bond forming reactions, paired
with the fact that branched-chain sugars are found in nature, has sparked our interest in
synthesizing branched-chain sugars.

Previously branched-chain sugars have been synthesized using, but not limited to,
Grignard reagents, epoxides, 1,4-conjugate addition, radical chemistry, and Wittig
reagents, all of which will be discussed here.° The main issue in all of these reactions is
stereochemical and regiochemical control of the newly formed carbon-carbon bond. This

is often solved with the use of appropriate protecting groups.



Organometalics, such as Grignard reagents, are useful in forming carbon-carbon
bonds when ketosugars and epoxides are involved. Reactions with Grignard reagents are
often stereoselective due to the coordination of the magnesium with another oxygenated
group on the sugar that will in turn direct the nucleophilic attack. In the example below,
the vinyl magnesium bromide attacks the carbonyl carbon on the ketosugar from the top

face leaving the newly formed hydroxyl group pointing down (Equation 1).”

Ph—X~0 Ph—X 0
TN e TAE b
THF, -50 °C

o OMe OH OMe

Equation 1.

Organocopper reagents are useful for introducing carbon-carbon bonds by
opening epoxides. As an example, a combination of Grignard reagents with copper salts
and Gilman reagents was used to form the organocopper reagent in situ. In the equation
below, the nucleophile was introduced at C-2, in the axial position, opening the epoxide

giving a “trans-diaxial” arrangement (Equation 2).®

Ph—\-0O 0 Ph—\-O
(0] (CsH]a)gCUCNLiz (0] Q
O THF, 0°C

OMe OH OMe

Equation 2.

Unsaturated carbohydrates can undergo 1,4-conjugate addition when reacted with

organocopper derivatives. The example below is again a pyranosidic ring in which the



addition of the nucleophilic methyl cuprate onto the unsaturated carbohydrate is seen to

give the axial product (Equation 3).°

OTr Me OTr
éo@ MeLi
N (0]
%y OMe CuBr/Me,S

O OMe

Equation 3.

Radical addition occurs either intramolecularly or intermolecularly; the focus will
be on intramolecular reactions for this section. Intramolecular reactions often generate 5-
exo cyclization products in which either the radical is formed on a tether and added to the
double bond within the sugar or visa versa. A tin reagent and azo-bis-isobutyrolnitrile
(AIBN) initiator are often used in these reactions to give a cis-fused ring. The first
example below has the alkene in the carbohydrate ring and second example has the

alkene on the tether (Equation 4 and Equation 5).10

OAc OAc
éo)\ S o
AcO \— o) AcO
/_/ 0
Br
Equation 4.
AcO I AcO
-0 BusSnH 0
AcO 3 ., AcO
Aco/glﬁ AcO
LA 0 H3C -

Equation 5.



Wittig and Wittig-like reactions are also useful in synthesizing branched-chain
sugars. Under Wittig conditions a carbon-carbon double bond would be formed.

Methylenation is common and an example is shown below in Equation 6.'!

Ph—X-0 Ph—X-0
0 Q PhgP=CH, 0 0
BnO T il BnO

o OMe OMe

Equation 6.

Our group is interested in finding a new approach for synthesizing branched-chain
sugars. Our pathway is similar to that of the radical reaction in that we are interested in
metal-catalyzed intramolecular reactions. The basic principle is similar in that the
carbohydrate has a tether attached to the ring that can react to form another five-
membered ring. We propose to synthesize a diazoester-modified sugar that can be
decomposed in the presence of rhodium(Il) to yield a branched-chain sugar. This has
been accomplished previously by Berndt and Norris (Equation 7),'* and we will attempt

to elaborate on this procedure by synthesizing other diazoester derivatives that can lead to

branched-chain sugars.

Rhg(OAC)4
CH,Cl,

Equation 7.



Diazocarbonyl Compounds
Diazo compounds have the general formula R,C=N,, where a positive charge is
located in the central nitrogen and a negative charge is distributed between the terminal

B4 o-Diazoketones and o-diazoesters can delocalize

nitrogen and carbon (Figure 8).
their negative charge into the carbonyl, rendering them more stable as compared to alkyl
diazo compounds. Once a diazo compound is synthesized it can be decomposed in the
presence of a transition metal catalyst generating a metal carbene, which can undergo C-
H, O-H, or N-H insertion, amongst others. In the following section the synthesis and

decomposition of diazo compounds will be discussed, as well as the choice of transition

metal catalyst.'*

@ © Q@ ®
R,C=N=N =—= R,C—N=N

Figure 8: Depiction of a generic diazo compound.

If the a-methylene position is already reactive towards the diazo transfer, an o-
diazocarbonyl compound can be synthesized using a base and a sulfonyl azide. In the
example below, the tert-butyl acetoacetate has a reactive a-methylene position that can
be deprotonated by a base like triethylamine and then reacted with tosyl azide to yield the

desired diazo compound (Equation 8)."°

/UVU\O\[/ TsNa, EtN__ /U\”/MO\

Equation 8.
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If the methylene group is activated by only one carbonyl group then the o-
methylene position generally needs to be activated further, for example, by placing an

acyl aldehyde at this position prior to the diazo transfer (Scheme 1).'®

(0
_HCOEt _ _TsNg
NaOEt EtsN

Scheme 1.

In some cases triethylamine is not a strong enough base and the diazo transfer
cannot occur. A group from Merck, Sharp & Dohme Research Laboratories encountered
this dilemma. The problem was solved when the triethylamine was replaced by a

stronger base, 1,8-diazobicyclo[5.4.0]Jundec-7-ene (DBU) (Equation ) I

0O DBU
CHsCN
Equation 9.

When only one carbonyl is present a base of sufficient strength is needed to
deprotonate at the o-methylene position. In some cases lithium diisopropylamide is used

as a base (Equation 10).18
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‘ ‘ LDA (4 equiv.), THF, -78°C ‘ ‘
O TsN3 (3 equiv.), -78°C - r.t. 0
CH.
O ¢ O \Nz

Equation 10.

Derivatives of tosyl azide can also be used, such as p-acetamidobenzenesulfonyl
azide (p-ABSA), p-nitrobenzenesulfonyl azide (p-NBSA), and p-carboxybenzenesulfonyl

azide (p-CBSA), among others (Figure 9)."*

CHg NHCOCHg NO, COzH
SO2N3 SO2oN3 SOsN3 SOsN3
tosyl azide p-ABSA p-NBSA p-CBSA

Figure 9: Derivatives of tosyl azide.

Once a diazo compound is formed it can be decomposed in the presence of a
metal catalyst; in doing so a metal-stabilized carbene can be formed by displacing N,.
This electrophilic carbene can then be transferred to an electron-rich substrate (S:),
regenerating the metal catalyst. The electron-rich substrate (S:) can be double bonds,

single C-H, N-H, O-H bonds, carbonyl groups, etc. This cycle is depicted in Figure 10."*
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SCR; S:
LM L,M=CR,
RzC:Nz LnM_Ing Ng
N2

Figure 10: Metal-catalyzed diazo decomposition cycle.

Our research focuses on reactions catalyzed by rhodium(II). Copper and other
transition metals can also be used as catalyst for the decomposition of diazocarbonyl
compounds. Dirhodium(II) catalysts have been found very useful because they are able
to better control reactivity and selectivity. Dirhodium(II) tetraacetate is the most widely
used of the rhodium(II) catalysts; it has an electron-rich circumference surrounding an

electron-poor center (Figure 11)."*%

Figure 11: Rhodium(II) acetate.

We are interested in the use of rhodium(Il) acetate as a catalyst for the
intramolecular C-H insertion reaction, which often results in a five-membered ring. This

type of reaction was first reported by Wenkert and co-workers.”' This insertion occurred


http:co-workers.21
http:11).19.20
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without changing the configuration at the carbon where the new bond was formed. This
reaction also shows a high degree of control over where the insertion occurs, i.e.

regioselectivity (Equation 11).%!

Rhy(OAC)4
DME, 25°C

Equation 11.

Other reactions of interest involving diazocarbonyl compounds and rhodium(II)
catalysts are those involving water or ozone. Water insertion gives an ether product and
ozone insertion generates a carbonyl. Examples of these reactions can be seen below in

Scheme 2 and Equation 12.>%

RCHN, + H,0 _Mtn RCH,0H _RCHN> _ (RCH,),0
N,) ML,
Scheme 2.

o. H
m _ 05, CHyCly m
/ T 4510-10°C S
Co, CO.R

Equation 12.
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Since O-H insertion reactions can occur so readily with water, it can be assumed
that O-H insertion reactions can also occur with alcohols. These types of alcohol
insertion reactions have been explored by Moody ez. al.*® Their research has found that
an alcohol can indeed react with a diazo compound to yield in an O-H insertion product,
but that this reaction does not show any stereoselectivity and a mixture of diastereomers
is formed (Equation 13). The effect that the solvent and catalyst have on the reaction was
also studied, and it was found that dichloromethane and rhodium(II) acetate give the best
results. Other solvents led to an increase in side reaction compared to dichloromethane,
and other metal catalysts proved to be less reactive, compared to rhodium(II) acetate. In
some cases it was found that the carbenoid was reacting with oxygen thus forming a
ketone, even though the reaction was run under nitrogen. A mechanistic pathway was
proposed that shows the alcohol attacking the electrophilic rhodium carbenoid (Scheme

3).

ri No -PrOH Opr‘
h et \H/U\Ph solvent Ko m/g\Ph
Rhy(OAC),

Equation 13.

O
1 RhZ*L 1 2
R \H/U\OR. ﬁf\_, R \”)]\OR' R“OH LnRhﬁ/U\OR' T \{)LOR’

N2 O\R OR?
-N, Rh%*L,

Scheme 3.



15

There have been a few research groups that have combined diazo chemistry with
carbohydrate chemistry. A group from the Netherlands has been attempting similar
intramolecular C-H insertion reactions with little success.** D-Glucose derivatives were
used in their research and the choice of protecting groups and ring conformation might
explain the difficulties they encountered. Their first attempts at intramolecular C-H
insertion showed that aromatic cycloaddition was occurring with one of the neighboring
benzyl protecting groups (Equation 14). When the position of the diazo group was
changed from C-6 to C-3, and the decomposition run in methylene chloride, the isolated
and characterized products were found to be of aromatic cycloaddition into neighboring
benzyl protecting groups. Since no significant amount of the desired insertion product
could be detected, the decomposition was run in benzene to show that an aromatic
cylcoaddition was the most likely path (Equation 15). When methyl ether protecting
groups were employed carbene dimers were formed (Equation 16). Attempts at
producing a five-membered ring via an intramolecular C-H insertion were not successful,
even though there was a tertiary C-H bond that was activated by an oxygen substituent at
the desired position for insertion. It is believed that the geometric constraints of the ring

were unfavorable for the desired intramolecular reaction to occur.

O

OQ(§N2
0]

Rhy(OAC), O
o) CH,CI o)
BnO 2Vl
Bng&LOSE BE&LOSE

OBn OBn

Equation 14.


http:success.24
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OBn OBn

0 o}
Bnocﬁﬁ/OSE Rhy(OAc), B”O&/OSE
0] —N2 OBn PhH (0] OBn

Equation 15.
0]

0:{”§N2 n
b o o) O. _OMe
o) Rh,(OAc) 0 e
Meo&/we . s

Me CH.Cl, 0
OMe e o OMe
OMe E/Z
Equation 16.

Azides

Azides have the general formula R-Nj,>?2°

where a formal positive charge is
located on the central nitrogen atom and a negative charge is distributed between the first

and third nitrogen atoms (Figure 12).

© o
= R=N=NEN

Figure 12: Depiction of a generic organic azide.

Azides can be synthesized by Sn2 reaction replacing an existing halide or
sulfonate group with the azide functional group.”” An example of such an Sy2 reaction
can be seen in Equation 17, where 2,3,4-tri-O-acetyl-a-D-glucopyranosyl bromide is

reacted with sodium azide to form a glucosyl azide.”®


http:azide.28
http:group.27
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OAc OAc
O
ﬁé o %
e -
acetone:water
AcO 59 OAc
Br 1

Equation 17.

Organic azides synthesized using alcohols as starting materials are of particular
interest. The example below uses Mitsunobu reaction conditions to transform a
secondary alcohol into an azide; the product also shows an inversion of stereochemistry

at that position (Equation 18).%

Boc, Boc,
NH O NH O
X PPhg, HN3 x
~~ “OMe - OMe
OH DEAD, CHQC|2 N3
Equation 18.

Chemists from Merck Research Laboratories developed a similar one-pot azide
synthesis involving a secondary alcohol and reacting it with diphenyl phosphorazidate

(DPPA), and 1,8-diazobicyclo[5.4.0]undec-7-ene (DBU) (Equation 19).%°

OH N3

)\/\ (PhO)oPON3 =
Ar Y i =

DBU

Equation 19.
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Once an azide functional group is placed on a molecule it can be reduced to a
primary amine or it can undergo a cycloaddition with an alkene or an alkyne to form
1,2,3-triazolines or triazoles, respectively.?’ In the examples below we can see that 2,3,4-
tri-O-acetyl-o-D-glucopyranuronosyl azide can be reacted with an alkyne to form a 1,2,3-

triazole (Equation 20) or it can be reacted with an acid chloride to form an amide

(Equation 21).28
OAc OAc N o
e N~ C t
O i 2
ACO&/NS EtOZC COgEt i ACO%N\/Z/
AcO toluene AcO
OAc OAc COzEt
Equation 20.
OAc OAc N
o p-nitrobenzoy! chloride & M O:
AcO - AcO
C N3 % " N
AcO triphenylphosphine AcO .
OAc CH,Cl, C o

Equation 21.
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Statement of Problem
Carbon-carbon bond forming reactions are of great interest and useful for the
synthesis of branched-chain sugars. The decomposition of a diazodeoxy furanose sugar

derivative offers a potentially useful route for the synthesis of branched-chain sugars.
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Results and Discussion

Protecting groups

Carbohydrates are able to serve as inexpensive chiral scaffolds; at each chiral
center there is a reactive hydroxyl group. The best way to control the reactivity of a
carbohydrate is through the use of protecting groups and there is a large variety of such
groups, which offer an assortment of selectivity. Isopropylidene protecting groups are of
interest in this project because they are selective and do not interfere with the subsequent
reactions. These protecting groups can easily be put in place by reacting a carbohydrate
with acetone and a catalytic amount of acid (Equation 22). Sugars with isopropylidene
protecting groups can also be purchased from Acros or Aldrich. 2,3:5,6-Di-O-
isopropylidene-a-D-mannofuranose (1) and methyl 2,3-O-isopropylidene-B-D-
ribofuranoside (2) were both synthesized, while 1,2:5,6-di-O-isopropylidene-a-D-

allofuranose (3) and 1,2:5,6-di-O-isopropylidene-o-D-glucofuranose (4) were purchased.

>

acetone, conc. H2SO4 20
D-mannose -
room temp. OH
1
Equation 22.

D-Mannose was reacted with a catalytic amount of sulfuric acid in an excess

31,32

amount of acetone to form diacetone-D-mannose (1), after which, the reaction was

neutralized with anhydrous sodium bicarbonate, yielding a solid, which was then

recrystallized using methanol. '"H NMR of crystals clearly showed four singlets worth


http:1),31.32
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three hydrogens a piece between 1.0 and 1.5 ppm representing the isopropylidene

protecting groups.

HO
0- -OCHs
B-iboss 2,2-dimethoxypropane 2

methanol, acetone -0
HCI gas, room temp. x
2
Equation 23.

Methyl 2,3-O-isopropylidene-B-D-ribofuranoside (2) was synthesized by reacting
D-ribose with 2,2-dimethoxypropane and hydrogen chloride-saturated methanol in excess
acetone (Equation 23).” Once the reaction was complete, pyridine was added to
neutralize the reaction, and workup gave a yellow oil, which was purified by flash
column. "H NMR of the oil clearly showed three singlets worth three hydrogens each, at
1.32 and 1.49 ppm representing the isopropylidene protecting group and at 3.44 ppm

representing the methoxy protecting group.

Synthesis and chemistry of phenacyl ester sugars.

With protecting groups in place, now only one reactive hydroxyl group is
available for a Steglich esterification (Equations 24-27),>* which involves reacting an
alcohol with a carboxylic acid in the presence of 1,3-dicyclohexylcarbodiimide (DCC)
and a catalytic amount of 4-(dimethylamino)pyridine (DMAP). In this case, the alcohol
is a protected sugar with one free hydroxyl group and phenylacetic acid is the carboxylic

acid. The TLC of the reaction showed the appearance of a spot with a higher R¢ value
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than the starting material. After the workup was completed, "H NMR was used to check

the purity of the compound before proceeding to the diazo transfer reaction.

phenylacetic acid

DCC,DMAP
CHyCly, CHaCN
room temp.

Equation 24.

phenylacetic acid

DCC,DMAP
CH,Clp, CHZCN
room temp.

Equation 25.

phenylacetic acid

DCC,DMAP
CH,Cl,, CH3CN
room temp.

Equation 26.
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o)

O 0
><o OH phenylacetic acid ><O O)J\/P h
-0 - ‘0
DCC,DMAP
2 0
o) CH,Clp, CHyCN -
4 room temp. 8
Equation 27.

The success of the esterification reaction can be seen from the "H NMR spectra by
the disappearance of the hydroxyl proton and the appearance of a singlet worth two
hydrogens representing the -CH,- group alpha to the carbonyl of the newly formed
phenacyl esters 5, 6, 7, and 8. This singlet can be seen at 3.63 ppm for phenacyl ester 5,
3.66 ppm for 6, 3.70 ppm for 7, and 3.67 ppm for 8. The appearance of a multiplet in the
aromatic region, 7.2-7.5 ppm, worth five hydrogens, also proves that the esterification
reaction was successful.

The ">C NMR spectra of phenacyl esters 5, 6, 7, and 8 echoed the proton NMR
spectra. Each spectrum had 18 signals, with 4 of the new signals appearing in the
aromatic region, 125-140 ppm, showing the symmetry of the benzene ring. The
appearance of a signal, for the carbon alpha to the ester, can be seen at 42.6 ppm for
phenacyl ester 5, 42.4 ppm for 6, 42.1 ppm for 7, and 42.6 ppm for 8. Also, the
appearance of a signal for the ester carbonyl carbon can be seen at 170.8 ppm, 172.0
ppm, 171.5 ppm, and 171.0 ppm for phenacyl esters 5, 6, 7, and 8, respectively.

The appearance of a less polar spot on the TLC plate, combined with the NMR
data, confirms that the esterification was successful for all of the above compounds. The
X-ray crystallography data of compound 5 also confirms that the esterification reaction

was successful. The crystallography data clearly shows that the protecting groups are
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still attached and that the stereochemistry at C-1 was retained. The dihedral angle for
H-1 and H-2 was found to be 102.3", which is not the same as that found from the 'H
NMR spectrum where H-1 is a singlet and H-2 is a doublet, i.e. the H-1 — H-2 dihedral

angle is close to 90 degrees.

04

03

Figure 13: X-Ray crystal structure of phenacyl ester 5.

Synthesis and chemistry of diazoester sugars

The newly synthesized phenacyl ester sugars 5-8 were then reacted with p-
acetamidobenzenesulfonyl azide (p-ABSA) and 1,8-diazobicyclo[5.4.0]undec-7-ene
(DBU) to form bright yellow-orange diazo ester sugars 9-12 (Equations 28-31). The
TLC of the completed reaction showed the appearance of a spot with a slightly higher R;
value than the starting material. The products were purified by flash column to ensure
that a pure diazoester sugar was used in the decompositions to follow. The purity of the

diazo ester sugars 9-12 was checked by NMR.



0
><° oyo
’0o-
o
5 Y\Ph
o
0
Ph\/u\o
oxo
6
><
0
0
0
7
e B
75 O)J\/Ph
"0

p-ABSA, DBU

CH,Clp,CH3CN
room temp.

Equation 28.

p-ABSA, DBU

CH,Clp,CHsCN
room temp.

Equation 29.

p-ABSA, DBU

CH,Cly,CHCN
room temp.

Equation 30.

p-ABSA, DBU

CHClp,CH3CN
room temp.

Equation 31.

25
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The synthesis of diazo ester 9 was not completely successful under these
conditions. The TLC of the reaction mixture showed unreacted starting material and the
formation of three other spots, which were isolated and characterized. The reaction
mixture was found to contain four compounds: diazo ester 9, phenacyl ester 5, azide 13,
and lactol 1 (Equation 32).”” The same reaction was run in the refrigerator in the hopes
of increasing the yield of the desired product 9 and decrease the formation of 1 and 13.
Not all starting material was being consumed and compounds 1 and 13 were still being
formed at this lower temperature. From the literature, it was found that DBU in benzene
can be used to take off acetate protecting groups,® which explains the formation of the

lactol 1.

p-ABSA, DBU

®) CH,Clp, CH3CN
5 Ph
\”/\ room temp.

A 0—
%o oz(p ><O—]oi)(_o

5 O\”/\Ph 1 o

O

Equation 32.

Since the phenacyl ester portion was being cleaved by DBU, a different base
needed to be used. Lithium diisopropylamide (LDA) was used as the base and the

reaction was run in tetrahydrofuran (THF) at -78 °C (Equation 33). This base proved to
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be more successful. Though compounds 1 and 13 were still being formed, all of the
starting material was consumed, which allowed for easier isolation of the desired diazo
compound 9. Lithium bis(trimethylsilyl)amide (LiHMDS) can also be used for this
reaction, and due to convenience is the preferred base for this reaction. LDA and
LiHMDS are stronger bases, which offer an irreversible acid-base reaction, thus helping

to push the reaction toward the formation of the diazo ester product.

0.0
-O- LiHMDS (or LDA) Pof N,
O 700, o)
\HAPh p-ABSA, THF, -78°C \H)Lph
_ 9 O
Equation 33.

The success of the diazo transfer reaction can be seen from the 'H NMR spectra
for diazo esters 9-12, specifically by the disappearance of the singlet for the -CH,-
protons alpha to the ester.

The signal for the ester carbonyl carbon has shifted more upfield in the '*C NMR
of diazo esters 9-11 compared to their precursors. The signal for the ester carbonyl
carbon now appears at 164.2 ppm, 165.5 ppm, and 165.0 ppm for diazo esters 9, 10, and
11, respectively. The peak for the carbon directly attached to the diazo group cannot be
observed in any of the carbon NMR spectra, but a disappearance of the peak at 42 ppm is
apparent in all of the spectra. IR spectra showed an absorption band at 2100 cm™, clearly

identifying the diazo group.



28

Rhodium(II)-catalyzed decomposition of diazo ester sugars

The diazo esters 9-12 were dried using a vacuum pump, characterized, and
checked for purity, then dissolved in freshly distilled methylene chloride and degassed.
This solution was slowly added by syringe pump to a reaction flask containing rhodium
(II) acetate suspended in distilled methylene chloride, which had also been degassed.
Column chromatography was used for the purification of these reactions, though this
technique was not successful in the isolation of all products formed. Different solvent
systems were explored, but there was still some difficulty in completely purifying all of
the products formed.

The major products that were isolated during the first trials were not the desired
insertion products. Dimeric ethers were formed (Equations 34 and 35), which is due to

the presence of water either from the solvent or the rhodium(II) catalyst.

0,0 Rhy(OAc)4 0,0
s Ny T = O -O-
o CH,Cl, o OOO o
Ph room temp. Ph X
o) N0
9 14

Equation 34.
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><q
><¢ o
S 5 Ph
" Rha(OAc) J\(o 2
o & CHCly 0 OJ\(O
Ph Oﬁf o 0
room temp. Ph
0
0
o<
11 15

Equation 35.

X-Ray crystallography was very useful in the characterization of compounds 14
and 15, but before the crystals were formed, the compounds were characterized using
NMR. The '"H NMR spectra for the compounds 14 and 15 showed misleadingly simple
sets of signals. The proton NMR of compound 15 showed a singlet at 5.13 ppm for the
-CH- proton alpha to the ester, which would be expected if the insertion onto the
carbohydrate framework was successful. The shape and integration of the peaks between
3.5 and 6.5 ppm were unexpected, leading us to believe that the insertion was not
successful. The *C NMR, on the other hand, showed the expected number of signals and
expected chemical shifts that might be seen if there was insertion onto the carbohydrate
framework.

The X-ray data of compounds 14 and 15 showed that a dimeric ether had been
formed in each case, which are linked through an unexpected C-O-C bond (Figures 14
and 15). One major diastereomer was formed in each case, therefore the reaction leading
to these products was diastereoselective. Mass spectrometry data confirmed the
formation of the dimeric ether 15, with a peak at 793.6 m/z, which is the calculated mass

plus a sodium ion.



Figure 15: X-Ray crystal structure of dimeric ether 15.
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All of the data combined clearly shows that the desired insertion product, where
the intermediate carbenoid inserts into a local C-H bond on the carbohydrate framework,
was not formed. In an attempt to avoid the formation of a dimeric ether, the solvent was
dried more carefully by distillation using calcium hydride and molecular sieves, and the
rhodium(II) acetate catalyst was dried using a drying pistol and P,Os as the dessicant.
Also, an excess amount of solvent was used to dilute the reagents and hopefully reduce
the formation of dimers. The reactions were run again under drier conditions; however
this time a ketone was being formed alpha to the ester (Equations 36 to 38), which is due

to oxygen dissolved in the reaction solvent.

O’ o Rh(OAC)4 %02
(I CHCl, o
}]/U\Ph room temp. }]/Lkph
9 O % ©
Equation 36.
0 0
Ph\”)J\ Ph\n)J\
0
o 0-_-OCHg 0, -OCHs
N, 0
Rh,(OAC)s
o0 CH,Cly 0o 0
x room temp. x
10 17

Equation 37.
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© 0]
W Rha(OAc), 0
2 0 —_— 0 O
O O CH,Cl, Ph/U\( (@)
Ph | room temp. &
0]
11 18
Equation 38.

The 'H NMR of the products 16-18 did not show a singlet for a proton alpha to
the ester carbonyl. Also, the signal shapes and integration of the peaks were not that
expected of an insertion product. The formation of a ketone alpha to the ester carbonyl
could be seen more easily in the °C NMR, which clearly showed two signals downfield
of the aromatic region, one for an ester carbonyl carbon and another signal further
downfield for a ketone carbonyl carbon. Mass spectrometry data of compound 17
showed a peak at 359.1 m/z corresponding to the calculated mass plus sodium.

X-Ray crystallography data was obtained for 16, which clearly shows a carbonyl
alpha to the ester carbonyl. The crystallography data also shows that all of the protecting
groups are still intact and that the stereochemistry at C-1 of the furanose ring was
retained (Figure 16). The dihedral angle for H-1 and H-2 was found to be 96.1°, which

would agree with the 'H NMR spectrum where H-1 is a singlet and H-2 is a doublet.
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Figure 16: X-Ray crystal structure of ketone 16.

To avoid the formation of the ketone product, new septa were used, syringe joints
were wrapped with Teflon tape, and reaction flasks were degassed for a longer amount of
time. Also, the amount of rthodium(Il) catalyst used was reduced. The formation of the
desired insertion product was successful under these new conditions (Equations 39 and

40).

o] O~O Rhy(OAc),4
" Rl CH,Cly
)]/U\Ph room temp.
O
9

Equation 39.
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><O OHPh
o 0_0 Ne Rhy(OAC),
8 CH,Cl,
Oﬁ_ room temp.
12
Equation 40.

After running several experiments under varying conditions, data was finally
obtained that proved successful rhodium(II)-catalyzed insertion into the sugar framework.
The '"H NMR spectrum for compound 19 showed the expected singlet for the proton
alpha to the carbonyl at 4.55 ppm. The rest of the signals had the expected shape and
integration of a successful insertion product. Mass spectrometry data showed a peak at
399.1 m/z, which is the mass of the insertion product plus sodium.

NMR data looked very promising, so we diligently tried to recrystallize the
compound. X-Ray crystallography data obtained clearly shows the insertion at C-2, as
predicted (Figure 17). The crystal structure also shows the retention of stereochemistry at
C-1 of the furanose, which directed the insertion at C-2, and that the protecting groups
are still intact. The stereochemistry at the carbon alpha to the carbonyl needs to be
further investigated. Compound 20 was also successfully synthesized, and the data
obtained matched the literature data.> With the success of this reaction, different
carbohydrate scaffolds will be used in a new approach towards the synthesis of various

natural products.
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Figure 17: X-Ray crystal structure of insertion product 19,

Rhodium(II)-catalyzed decomposition in the presence of alcohols

The stereoselectivity seen in formation of the dimeric ethers gave rise to the
following reactions; we were interested to see if the same diasteroselectivity would be
observed. The diazo ester compounds 10 and 11 were decomposed in the presence of a
simple alcohol (methanol, ethanol, isopropanol, r-butanol) (Equations 41 and 42, Table
). TLC showed the formation of one major product of lower R; than the starting
material in cach case. 'H NMR of the column-purified material showed a 50/50 mixture
of isomers and mass spectrometry data showed that O-H insertion with the alcohols did
indeed occur. This leads us to believe that the water in the previous reactions was

coming from the catalyst (i.e. water of hydration) and not the solvent.
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@ 0]
Ph\rﬁj\ Ph%
O (0]
N2 —IFO?/OCHa ha(OAC)4 RO WOCH;;
Oxo ROH, CH,Cl, Oxo
10 21-24
Equation 41.
><O @)
(6] )
0] Rhy(OAC O
N, 2(OAc)4 Hs
oG ROH, CH,Cl o 1o
Ph/U\ﬂ/ Oﬁf Ph)\”/ 04,—
O O
11 25-27
Equation 42,
Table 1: O-H insertion of alcohols with diazo sugars 10 and 11.
Starting Material Alcohol/Amine Product % Yield Ry Value*
10 Methanol 21 75 0.47
Ethanol 22 80 0.59
Isopropanol 23 71 0.43
t-Butanol 24 42 0.67
11 Methanol 25 59 0.33
Ethanol 26 43 0.35
Isopropanol 27 41 0.44
n-Butyl amine N/R - -

* Solvent system 2:1 hexanes to ethyl acetate
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Figure 18. o-Alkoxy esters formed by carbenoid insertion on alcohols.

Compounds 21-24 (Figure 18) have similar '"H NMR spectra. The signal for the
proton alpha to the ester carbonyl can be seen downfield of H-1. The signals for the
methyl protecting groups can be seen at 3.12 ppm and 3.23 ppm, clearly showing that
there is a mixture of isomers (~50:50). The alkoxy groups can each be seen in their
respective region. Mass spectrometry data collected for compounds 22 and 23 clearly
show a peak representing the calculated mass plus sodium.

Ribofuranose-isopropanol derivative 23 had an interesting proton NMR. The two
overlapping septets at 3.68 ppm, representing the methyl protons on the newly attached

isopropyl group, clearly show that there is a mixture of isomers (Figure 19).

Figure 19: "H NMR spectrum of ribofuranose derivative 23.
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Figure 20: o-Alkoxy esters formed by carbenoid insertion on alcohols.

The allofuranose derivatives 25-27 (Figure 20) had similar 'H NMR spectra. The
proton alpha to the ester carbonyl can be seen downfield of H-1. Eight peaks can be seen
in the region between 1.0 and 1.5 ppm for the isopropylidene protecting groups, showing
that there is a mixture of isomers. The alkoxy groups can each be seen in their respective
region. Mass spectrometry data collected for compounds 25 and 26 clearly show a peak

representing the calculated mass plus sodium.

Deprotection

When trying to synthesize diazo ester 9, azide 13 and lactol 1 were found to be
forming as well. This reaction was further investigated and extrapolated. It is believed
that the base, DBU, is able to cleave the phenacyl ester leaving a free hydroxyl group.
This free hydroxyl then reacts with p-ABSA forming a sulfonate ester and displacing the
azide portion. The azide generated in situ displaces the sulfonate ester in a SN2 reaction,

inverting the stereochemistry at that position (Scheme 4).
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Scheme 4.

We decided to take lactol 1 and react it with p-ABSA and DBU under the same
conditions to see if we were able to synthesize compound 13 (Equation 43). This
reaction was successful; as a result, we decided to run this reaction with other selectively
protected sugars in order to see if we could develop a general one-pot method for the

synthesis of azidodeoxy sugars.

i CH,Clp, CHsCN
OH room temp.

5 0
> oyo pABSADBU | 0 OXQ/NS
13

1

Equation 43.

Most of the selectively protected sugars were either purchased or synthesized. In

this section sugars 3, 4, 31, and 34 were purchased, while sugars 1, 2, and 29 were
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synthesized. For 29, B-D-glucose pentaacetate was deprotected at C-1 using hydrazine to
yield the lactol 29 (Equation 44).° The NMR spectrum of the product showed four

singlets between 2.0 and 2.1 ppm for the four remaining acetate protecting groups.

_OAc OAc
\ »
(o]

e DMF, 50°C AcO OAc

28 29

Equation 44.

One-pot azide synthesis

The trial one-pot azide synthesis using p-ABSA and DBU to convert lactol 1 to
azide 13 looked promising. This same reaction was run in the parallel synthesizer to
determine what would be the best solvent for the reaction. The solvents used in this
experiment were acetonitrile, tetrahydrofuran (THF), dimethyl formamide (DMF),
dioxane, pyridine, and dichloromethane. TLC taken of each reaction showed successful
formation of the azide product. From 'H NMR we were able to see the product to
starting material ratio. Taking this ratio into consideration, as well as the ease of solvent
removal, acetonitrile was chosen. Once the solvent was chosen, the reaction was run
again but this time the reaction was refluxed to reduce the reaction time. This reaction
proved successful, but the reaction was not going to completion. The ratio of lactol 1 to
p-ABSA and DBU used to this point was 1:1. Various ratios of lactol 1 to p-ABSA/DBU
(1:1.2, 1:1.4, 1:1.6, 1:1.8 and 1:2) were explored and it was found that the best ratio was

1:2, even though this is a significant excess of base and source of azide.
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When the mannose derivative 1 was refluxed with p-ABSA and DBU, we saw
that not only was B azide 13 being formed but also a small amount of o azide 30
(Equation 45). When running the reaction, a spot with a higher Ry than the B azide 13
appeared. This compound was isolated by column chromatography and the 'H NMR
looked similar to the B azide 13 spectrum; a disappearance of the hydroxyl proton signal
and no signals in the aromatic region. An IR spectrum was taken of this compound,
which clearly showed a signal at 2000 cm™ for the azide group and the lack of a broad

1

signal at 3000 cm™. Mass spectrometry data of mannosyl azide 30 showed a peak at

308.1 m/z, the calculated mass plus sodium.

o 0O ' OV
><O]o>§o 2eq p-ABSA, 2 eq. DBU 2 >\O%O>§O N3 >\O~_ O>(;O
- N3
13 30

CH3CN, refluxed
4 OH

Equation 45.

Once our standard parameters were set, other selectively protected sugars were
used as a source of a free hydroxyl group that could be replaced by azide. These sugars
were either purchased or synthesized. All of the reactions that were successfully purified,
and where the "H NMR spectra of the azide product could be matched to those published
in the literature, will be discussed in this section.

The selectively protected sugars had free hydroxyls at various positions. OH

groups at C-1 (or the anomeric carbon) were successfully converted to the azide using
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this one-pot method (Equations 46 and 47). 'H NMR data of azide products 32 and 33

were verified with those published in the literature.

28,38

<OAc _OAc
AcO —Q 2 eq. p-ABSA, 2 eq. DBU Acoﬁ/ﬁv,\J
= 3
ACM?OH CHSCN, refluxed el OAc
29 32
Equation 46.
BnO BnO
B
I o® nOH 2 eq. p-ABSA, 2 eq. DBU Q_OB"N3
OBn CH4CN, refluxed OBn
31 33

Equation 47.

Azidation of carbohydrates 2 and 34, which have free hydroxyls on the terminal
carbon, i.e. at a primary position, were also explored (Equations 48 and 49). These
reactions were successful in forming the azide only if the position was sterically
unhindered, thus allowing the Sn2 attack of the azide anion formed in situ. If the
hydroxyl at the primary position was hindered, the sulfonate ester was isolated. The
formation of this product gives us a clue to the possible mechanism of the reaction. 'H
NMR data of azide 35 was verified with data published in the literature.”® The spectra of
the column-purified sulfonate ester 36 clearly shows signals in the aromatic region,

which indicates that the sulfonate ester was formed. The signal at 2.23 ppm can be seen

for the protons alpha to the carbonyl, which again is an indication that the sulfonate ester
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was formed. Also, mass spectrometry data for compound 36 shows a peak at 480.2 m/z,

which is the calculated mass plus sodium.

HO OCHg3 N3 OCHjy
%O?l 2 eq. p-ABSA, 2 eq. DBU FO:|
CH3CN, refluxed

2 35
Equation 48.
O
0]
%—o OH %—o O_#O—Nk
0 O 0 )\’\fLO 0 H
Q o 2 eq. p-ABSA, 2 eq. DBU 0 &
Y CHSCN, refluxed .
Equation 49.

Hydroxyls on any carbon between the first and the last are at a secondary
position. These secondary hydroxyls were not converted to an azide functional group
through this one-pot method. The secondary hydroxyls 3 and 4 formed sulfonate esters
37 and 38 (Equations 50 and 51). Sn2 reactions are slower at secondary positions due to
steric crowding, and the formation of an azide is not seen in the examples studied here.
The 'H NMR data of column-purified products 37 and 38 clearly show signals in the
aromatic region and a singlet at 2.23 ppm for protons alpha to a carbonyl of the N-acetyl

group, which indicates that the sulfonate ester was formed. Mass spectrometry data
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clearly shows the expected mass 480.2 m/z, which is our calculated mass plus sodium, for

both 37 and 38.

>

2 eq. p-ABSA, 2 eq. DBU

0 >
OH Oﬁ CH4CN, refluxed
3
Equation 50.
e
00— OH
© 2 eq. p-ABSA, 2 eq. DBU

CHgCN, refluxed

Equation 51.

>

0 @)
O
O R
H o)

37

Allofuranose derivative 38 was recrystallized and the X-ray crystal gives further

evidence for the formation of this sulfonate ester product (Figure 21).

The crystal

structure of 38 clearly shows the retention of stereochemistry at C-3, and that the

protecting groups are still intact.



Figure 21: X-Ray crystal structure of allofuranose derivative 38.

p-Nitrobenzenesulfonyl azide (p-NBSA) was also used as a source of azide in
hopes of decreasing reaction times and increasing product yields. The p-NBSA was
synthesized by mixing p-nitrobenzenesulfonyl chloride with two equivalents of sodium
azide in anhydrous methanol (Equation 52). The trial reaction with p-NBSA and

mannofuranose 1 showed promising results (Equation 53).

0
NaN;, MeOH
CI—#ONOQ aNg, MeOH N3~§©»N02
0 o
42 43

Equation 52.

oK °o1X o] X
><o 2 eq. pNBSA, 2 eg. DBU ><o ><O

O_o_o N3 O_o.o

CH3CN, refluxed N
13 ;0 e

Ll quation 53.
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The previous reactions were run again with p-NBSA as the azide transfer reagent
in place of p-ABSA (Equations 54 to 58) yielding in similar results. The azides were

formed in higher yields, while the sulfonate esters were isolated in lower yields (Table 2).

OAc OAc
A Q 2 eq. p-NBSA, 2 eq. DBU Q
ONQ g 200PNESA 200 AN N,
OAc CH3CN, refluxed OAc
29 32
Equation 54.
BnO OBn BnO OBn
OLwoH <2¢€g. pNBSA, 2 eq. DBU . O- Na
OBn CH3CN, refluxed OBn
31 33
Equation 5S5.
HO OCHs4 N3 OCH;
$o? 2 eq. pNBSA, 2 eq. DBU Fof
0 0 CH3CN, refluxed o0
A A
2 35
Equation 56.

?
OH Oo-§ NO2
o o] o) O o
0 0 2 eq. p-NBSA, 2 eq. DBU_ o o
)r CH3CN, refluxed )(

34 40

Equation 57.
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NO,
Q,
><8 OH ><8 0 o
K < €q. pNBSA, 2 eq. DBU -O
; 0’3 ZH3CN, refluxed . Ogﬁ
Equation 58.
Table 2: One-pot synthesis of azidodeoxysugars.
Azide transfer reagent Starting Material Products % Yield

p-ABSA 1 13 56
29 32 15
31 33 18
2 35 49
34 36 82
3 37 90
4 38 90
p-NBSA 1 13 44
29 32 33
31 33 66
2 35 59
34 40 61
3 41 25
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Spectral data of successfully formed azides matched the literature data. The
sulfonate esters 40 and 41 synthesized using p-NBSA as the azide transfer reagent had
similar spectra to the sulfonate esters 36 and 37. 'H NMR spectra for sulfonate esters 40
and 41 showed the disappearance of a hydroxyl proton and the appearance of signals in
the aromatic region for the newly formed sulfonate ester. Mass spectrometry data of
sulfonate ester 40 clearly showed a peak at 468.1 m/z, while sulfonate ester 41 clearly
showed a peak at 464.1 m/z, both of which are the calculated mass plus sodium.

With the success of this preliminary investigation, more research will be done on
this one-pot azide synthesis. Future students will be able to use microwave heating to
speed up reaction time, in which case different reaction conditions can be more easily
explored. Dimethylformamide (DMF) could be another solvent choice if a higher
temperature is desired. Also, different bases and azide transfer reagents can be explored
more quickly. The ratio of alcohol to transfer reagent and base also needs to be reduced.
Also, non-carbohydrate primary alcohols will be explored to find the limitations of this
reaction. This reaction will be more useful if it can be run on non-carbohydrate systems
as well.

During our exploration of this one-pot azide synthesis, we were interested in
seeing if a sulfonate ester at C-1 of a carbohydrate could be isolated since this is the
putative intermediate in the formation of glycosyl azides. However, mannosyl chloride
44 was formed from reaction of mannose lactol 1 with either p-nitrobenzenesulfonyl
chloride or p-tosyl chloride and DBU (Equation 59). Most likely the corresponding

tosylate is formed but then is displaced by chloride ion; the isolation of only the o-
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chloride agrees with other syntheses of this compound in which the «-anomer is

thermodynamically favored.*’

>3 .
) o_>o<o p-NBSA or TsNg > o>o<o

OH DBU, CH3CN
room temp.

Equation 59.
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Experimental

General Procedures

Reactions were analyzed by TLC on Whatman aluminum-backed plates.
Purifications via flash column chromatography used 70-270 mesh 60-A silica gel.
Nuclear Magnetic Resonance spectra were recorded on samples dissolved in CDCls,
using an Oxford magnet attached to a Varian Gemini 2000 system, at a frequency of 400
MHz for 'H spectra and 100 MHz for °C spectra. All chemical shifts were recorded in
parts per million (ppm). Signals are labeled as follows: s (singlet), d (doublet), dd
(doublet of doublets), ddd (doublet of doublet of doublets), m (multiplet) and coupling
constants (J) are measured in Hertz. All mass spectra were obtained through the use of a
Bruker Esquire LC-MS instrument. Infrared spectra were recorded on a Thermo Electron

Corporation IR 200 spectrophotometer.

Protecting groups

Synthesis of 2,3:5,6-di-O-isopropylidene-o-D-mannofuranose (1) from D-mannose.

0]
po Qé{o

OH

In a flame-dried 2 L. Erlenmeyer flask, D-mannose (20.0 g, 0.11 mmol) was
dissolved in 750 mL of dry acetone. Concentrated sulfuric acid (7.0 mL) was added in 2

mL portions every 5 min to the solution. A drying tube was connected and the reaction
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was stirred at RT until reaction was complete. The reaction was then neutralized with
excess sodium carbonate (color lightened) and let stir for 30 min. The reaction was
filtered and the filtrate refluxed for 1 h with several grams of sodium carbonate and
charcoal. Once cooled, the solution was filtered and evaporated under reduced pressure.
The solid residue was recrystalized from methanol to give pure 2,3:5,6-di-O-

isopropylidene-a-D-mannofuranose (11.2 g, 0.043 mol) (1) in 39% yield.

'H NMR: 6 1.31 (s, 3H, -CH3), 1.37 (s, 3H, -CH3), 1.44 (s, 3H, -CH3), 1.45 (s,
3H, -CHjy), 3.35 (d, 1H, -OH, J = 2.6 Hz), 4.02-4.12 (m, 2H, H-6, H-6"), 4.17 (dd,
1H, H-3, J = 3.7, 7.1 Hz), 4.40 (ddd, 1H, H-5, J = 3.9, 5.9, 6.0 Hz,), 4.61 (d, 1H,
H-2, J = 6.0 Hz), 4.81 (dd, 1H, H-4, J = 3.7, 5.9 Hz), 5.36 (d, 1H, H-1, J = 2.4

Hz).

Melting point: 120-122 °C

Synthesis of methyl 2,3-0-isopropylidene-p-D-ribofuranoside (2) from D-ribose.

In a flame-dried round bottom flask, dry D-ribose (10.033 g, 33.4 mmol) was

dissolved in 200 mL of dry acetone. 2,2-Dimethyoxypropane (20 mL) was added by
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syringe, followed by 45 mL of a methanol solution containing 40 mL methanol and 5 mL
hydrogen chloride saturated methanol. The reaction was stirred overnight under nitrogen
at RT. Pyridine (10 mL) was slowly added to neutralize the reaction (color lightened).
The solution was then evaporated under reduced pressure and the resulting residue was
partitioned between ethyl acetate (40 mL) and deionized water (100 mL). The aqueous
layer was extracted two more times with 40 mL of ethyl acetate. Aqueous NaCl can be
added to help separate layers. The organic layer was dried over MgSQ,, filtered, and
evaporated to give a yellow oil. This oil was purified using a silica gel flash column

eluted with 4:1 hexane — ethyl acetate to give 7.89 g (58%) of pure compound 2.

'H NMR: & 1.32 (s, 3H, -CH3), 1.49 (s, 3H, -CH3), 3.27 (dd, 1H, H-4, J = 2.6,
10.6 Hz), 3.44 (s, 3H, -CH3), 3.56-3.70 (m, 2H, H-5 and H-5"), 4.44 (s, 1H, -OH),

4.59 (d, 2H, H-2), 4.84 (d, 1H, H-3), 4.98 (s, 1H, H-1).

Synthesis of phenacyl ester derivatives

Protected sugars 1-4 (1.0 equivalent), phenylacetic acid (1.1 eq.), and 4-
dimethylaminopyridine (0.16 eq.) were added to a flame-dried round-bottom flask and
dissolved in anhydrous CH,Cl, (10 mL per gram of sugar) and anhydrous CH3CN (10 mL
per gram of sugar). While stirring under nitrogen, 1.0 M 1,3-dicyclohexylcarbodiimide
solution in CH,Cl, (1.1 eq.) was slowly added dropwise resulting in a white precipitate.
The reaction mixture was stirred overnight at RT. TLC showed the formation of a spot
with a higher Ry value than the starting material in each case. After gravity filtering the

mixture, the solvent was removed under reduced pressure and the resultant residue was
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dissolved in CH,Cl,. The solution was then washed three times with 5% H;SO4,
followed by two washings with deionized H,O. After drying with MgSO,, the filtrate
was evaporated to give the crude phenacyl ester product.

This general procedure was used for the synthesis of compounds 5-8. In most
cases the '"H NMR spectrum of the crude product was clean, so no further purification

was necessary.

2,3:5,6-Di-O-isopropylidene-1-O-phenacyl-a-D-mannofuranose (5) from 2,3:5,6-di-

O-isopropylidene-a-D-mannofuranose (1).

Prepared from protected mannofuranose 1 (3.049 g, 11.7 mmol), phenylacetic
acid (1.756 g, 12.9 mmol), DMAP (0.233 g, 1.9 mmol), and DCC in CH,Cl, (12.9 mL,
12.9 mmol) according to the procedure for the synthesis of ester derivatives described
above. TLC (2:1 hexanes — ethyl acetate) showed product at R¢ = 0.51. The reaction

gave 3.99 g of phenacyl ester derivative 5 in 90% yield.

'H NMR (CDCls): 8 1.32 (s, 3H, -CH3), 1.37 (s, 3H, -CH3), 1.44 (s, 3H, -CH3),
1.47 (s, 3H, -CHj3), 3.63 (s, 2H, -CH,-), 3.89 (dd, 1H, H-4, J = 3.7, 8.1 Hz), 3.96

(dd, 1H, H-6, J = 4.2, 8.6 Hz), 4.07 (dd, 1H, H-6’, J = 6.2, 8.4 Hz), 4.36 (ddd, 1H,
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H-5, J =44, 6.0, 8.1 Hz), 4.66 (d, 1H, H-2, J = 5.5 Hz), 4.81 (dd, 1H, H-3, J =

3.5,5.7 Hz), 6.13 (s, 1H, H-1), 7.2-7.4 (m, 5H, Ar-H).

3C NMR (CDCL): §25.9, 26.4, 27.1, 28.3, 42.6, 68.0, 73.9, 80.4, 83.4, 86.0,
101.9, 110.4, 114.3, 128.3, 129.7 (double intensity), 130.2 (double intensity),
137.4, 170.8.

Melting point: 70-74 °C

Methyl 2,3-O-isopropylidene-5-O-phenacyl-B-D-ribofuranoside (6) from methyl 2,3-

O-isopropylidene-B-D-ribofuranoside (2).

(@)
B \)J\O OCH
i
OXO
6

Prepared from protected ribose 2 (8.0 g, 39.2 mmol), phenylacetic acid (5.876 g,
43.1 mmol), DMAP (0.769 g, 6.3 mmol) and DCC in CH,Cl, (43.1 mL, 43.1 mmol)
according to the procedure for the synthesis of ester derivatives described above. TLC
(1:1 hexanes — ethyl acetate) showed product at R¢= 0.75. The reaction yielded 11.26 g

of phenacyl ester derivative 6 (89% yield).
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'H NMR: & 1.31 (s, 3H, -CHs), 1.49 (s, 3H, -CHj), 3.26 (s, 3H, -CHs), 3.66 (s,
2H, -CHy-), 4.07-4.18 (m, 2H, H-5 and H-5"), 4.38 (t, 1H, H-4, J = 6.9 Hz), 4.56
(d, 1H, H-3, J = 6.2 Hz), 4.62 (d, 1H, H-2, J = 5.8 Hz), 4.96 (s, 1H, H-1), 7.25-

7.34 (m, 5H, Ar-H).

BC NMR: §26.2, 27.7, 42.4, 56.1, 66.2, 82.9, 85.2, 86.3, 110.5, 113.6, 128.2,

129.6 (double intensity), 130.3 (double intensity), 134.7, 172.0.

MS: Calculated: 322.14 m/z, Found: (ESI pos) 345.1 m/z (M+Na").

[a]p=-38.0 °, 150 mg/mL in chloroform.

1,2:5,6-Di-O-isopropylidene-3-O-phenacyl-a-D-allofuranose (7) from 1,2:5,6-di-O-

isopropylidene-a-D-allofuranose (3).

>

)

Ph/\[(o O*f

7

Prepared from protected allofuranose 3 (1.004 g, 3.9 mmol), phenylacetic acid
(0.582 g, 4.3 mmol), DMAP (0.085 g, 0.69 mmol), and DCC in CHCl, (4.3 mL, 4.3

mmol) according to the procedure for the synthesis of ester derivatives described above.
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TLC (1:1 hexanes — ethyl acetate) showed product at Ry= 0.65. The reaction resulted in

1.025 g of phenacyl ester derivative 7 (70% yield).

'HNMR: §1.32 (s, 6H, 2 x -CHs), 1.34 (s, 3H, -CHa), 1.50 (s, 3H, -CH3), 3.70 (s,
2H, -CH»-), 3.75 (dd, 1H, H-4, J = 6.0, 8.6 Hz), 3.99 (dd, 1H, H-3, J = 6.8, 8.6
Hz), 4.13 (dd, 1H, H-2, J = 44, 8.1 Hz), 4.26 (ddd, 1H, H-5, J = 4.2, 6.0, 10.4
Hz), 4.83-4.87 (m, 2H, H-6 and H-6), 5.85 (d, 1H, H-1, J = 3.7 Hz), 7.25-7.34

(m, 5H, Ar-H).

BC NMR: §26.3, 27.4, 27.8, 28.0, 42.1, 66.7, 74.0, 76.0, 78.6, 78.7, 105.2, 110.9,

114.1, 128.2, 129.5 (double intensity), 130.4 (double intensity), 134.4, 171.5.

1,2:5,6-Di-O-isopropylidene-3-O-phenacyl-a-D-glucofuranose (8) from 1,2:5,6-di-O-

isopropylidene-a-D-glucofuranose (4).

Prepared from protected glucose 4 (5.012 g, 19.2 mmol), phenylacetic acid (2.883
g, 21.2 mmol), DMAP (0.382 g, 3.1 mmol) and DCC in CH,Cl, (21.2 mL, 21.2 mmol)

according to the procedure for the synthesis of ester derivatives described above. TLC
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(3:1 hexanes — ethyl acetate) showed product at Ry = 0.43. The reaction gave 6.71 g of

phenacyl ester derivative 8 (92% yield).

'H NMR: §1.26 (s, 3H, -CH3). 1.28 (s, 3H, -CHs), 1.39 (s, 3H, -CHs), 1.51 (s,
3H, -CHj), 3.67 (s, 2H, -CH;-), 4.01-3.93 (m, 2H, H-6 and H-6), 4.08 (ddd, 1H,
H-5,J=5.5,8.1, 10.9 Hz), 4.18 (dd, 1H, H-4, J = 2.9, 8.1 Hz), 4.42 (d, 1H, H-2, J
= 3.7 Hz), 5.27 (d, 1H, H-3, J = 2.9 Hz), 5.82 (d, 1H, H-1, J = 3.7 Hz), 7.25-7.34

(m, SH, Ar-H).

BC NMR: 6264, 27.4,27.9, 28.0,42.6, 68.3, 73.4, 77.5, 81.0, 84.3, 106.1, 110.3,

113.4, 128.3, 129.7 (double intensity), 130.2 (double intensity), 134.4, 171.0.

Melting point: 52-54 °C

Synthesis of diazoester sugars

2,3:5,6-Di-O-isopropylidene-1-O-(phenacyldiazo)-o-D-mannofuranose  (9) from

2,3:5,6-Di-O-isopropylidene-1-O-phenacyl-a-D-mannofuranese (5).
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A flame-dried round-bottom flask was cooled in a dry ice-acetone bath (-78 °C).
To this chilled flask, 1.0 M lithium hexamethyldisilazane (1.16 mL, 1.1 eq.) was added
and let chill. Mannofuranosyl ester § (0.405 g, 1.0 mmol, 1.0 eq.) in 8 mL of dry THF
was added dropwise to the base. This was left to react for 30 min. before p-
acetamidobenzenesulfonyl azide (0.279 g, 1.1 mmol, 1.1 eq.) in THF (5 mL) was added
dropwise. This reaction was allowed to warm to RT. TLC confirmed the complete
consumption of starting material, and the appearance of a spot with a slightly higher R¢
value (R¢= 0.63 in 2:1 hexanes — ethyl acetate). The reaction mixture was then poured
into 50 mL of saturated NH4Cl, and extracted with CH,Cl, (3 x 20 mL). The combined
organic layers were then washed with deionized H,O (2 x 20 mL). The organic layer was
then dried over MgSO,, filtered, and evaporated under reduced pressure. The crude
product 9 was purified by flash column (6:1 hexanes — ethyl acetate) to yield 0.146 g of

orange syrup in 34% yield.

'H NMR: & 1.36 (s, 3H, -CHa), 1.39 (s, 3H, -CH3), 1.47 (s, 3H, -CH3), 1.51 (s,
3H, -CHs), 4.04-4.14 (m, 3H, H-4, H-6, H-6’), 4.43 (ddd, 1H, H-5, J = 4.4, 6.0,
7.8 Hz), 4.78 (d, 1H, H-2, J = 5.9 Hz), 4.89 (dd, 1H, H-3, J = 3.4, 6.0 Hz), 6.32 (s,

1H, H-1), 7.18-7.47 (m, 5H, Ar-H).

C NMR: & 26.0, 26.4, 27.2, 28.2, 68.0, 74.0, 80.5, 83.5, 86.2, 102.3, 110.4,

114.4, 125.1 (double intensity), 125.8, 127.2, 130.0 (double intensity), 164.2.

IR absorption: 2095 cm™' for diazo group.
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General procedure for other diazoester sugars

In a flame-dried round-bottom flask, phenacyl ester sugar 6-8 (1.0 eq.) and p-
acetamidobenzenesulfonyl azide (1.0 eq.) were dissolved in dry CH,Cl, (10 mL per gram
of sugar) and dry CH3CN (10 mL per gram of sugar). While stirring at RT, 1,8-
diazabicyclo[5.4.0Jundec-7-ene (1.1 eq.) was added dropwise over 1-2 h via syringe
pump producing an orange solution. TLC showed the formation of a spot with a slightly
higher Ry value than the starting material. More base and diazo transfer reagent (0.5 eq.)
may be added to push the reaction to completion. After stirring for 48 h, the reaction was
evaporated under reduced pressure. The resulting residue was dissolved in CH,Cl, and
washed three times with 5% H,SOy, followed two times by deionized H,O. After drying
the organic layers with MgSO; the filtrate was evaporated to give the crude diazoester
sugar. The resulting syrup was purified using a silica gel flash column.

This general procedure was used for the synthesis of compounds 10 to 12.

Methyl 2,3-O-isopropylidene-5-O-(phenacyldiazo)-B-D-ribofuranese (10) from

methyl 2,3-O-isopropylidene-5-O-phenacyl-B-D-ribofuranoside (6).
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Prepared from ribofuranose-derived phenacylester 6 (1.05 g, 3.2 mmol), p-ABSA
(0.789 g, 3.3 mmol) and DBU (0.55 mL, 3.6 mmol) according to the general procedure
for the synthesis of diazoester sugars above. TLC (3:1 hexanes — ethyl acetate) showed
the product at an R¢ value of 0.44. The resulting syrup was purified using a silica gel
flash column eluted with a 6:1 hexane — ethyl acetate mixture to give 0.559 g of pure

product in 67% yield.

'H NMR: §1.33 (s, 3H, -CHs), 1.49 (s, 3H, -CH3), 3.33 (s, 3H, -CHs), 4.26 (dd,
1H, H-4, J = 6.2, 10.9 Hz), 4.37-4.46 (m, 2H, H-5 and H-5), 4.62 (d, 1H, H-3, J
=59 Hz), 4.71 (d, 1H, H-2, J = 5.9 Hz), 5.00 (s, 1H, H-1), 7.17-7.49 (m, 5H, Ar-

H).

'3C NMR: §26.2, 27.7, 56.2, 66.0, 82.8, 85.5, 86.4, 110.5, 113.6, 124.9 (double

intensity), 126.3, 126.9, 129.9 (double intensity), 165.5.

IR absorption: 2092 cm' for diazo group.

1,2:5,6-Di-O-isopropylidene-3-O-(phenacyldiazo)-a-D-allofuranose (11) from

1,2:5,6-di-O-isopropylidene-3-O-a-phenacyl-a-D-allofuranose (4).
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Prepared from allofuranose-derived phenacylester 7 (2.5 g, 6.6 mmol), p-ABSA
(1.590 g, 6.6 mmol), and DBU (1.10 mL, 7.2 mmol) according to the general procedure
for the synthesis of diazoester sugars above. TLC showed the formation of a spot at an R¢
value of 0.45 in 2:1 hexanes — ethyl acetate. The resulting syrup was purified using a

silica gel flash column eluted with 6:1 hexane — ethyl acetate. The reaction yielded

1.31 g in 49% yield.

'H NMR: §1.35 (s, 6H, 2 -CH3), 1.43 (s, 3H, -CH3), 1.56 (s, 3H, -CH3), 3.90 (dd,
1H, H-4, J = 5.3, 8.6 Hz), 4.09 (dd, 1H, H-6, J = 6.6, 8.6 Hz), 4.15 (dd, 1H, H-6’,
J=35.9, 8.6 Hz), 4.30 (ddd, 1H, H-5, J = 5.1, 6.6, 10.3 Hz), 4.92 (t, 1H, H-3, J =
4.8 Hz), 5.00 (dd, 1H, H-2, J = 4.9, 8.7 Hz), 5.86 (d, 1H, H-1, J = 4.0 Hz), 7.18-

7.50 (m, 5H, Ar-H).

BC NMR: §26.2, 27.6, 27.9, 28.0, 67.1, 74.6, 76.4, 78.8, 79.0, 105.3, 111.1,

114.3, 125.0 (double intensity), 126.0, 127.1, 129.9 (double intensity), 165.0.

IR absorption: 2100 cm™ for diazo group.
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1,2:5,6-Di-O-isopropylidene-3-O-(phenacyldiazo)-a-D-glucofuranose (12) from

1,2:5,6-di-O-isopropylidene-3-O-phenacyl-a-D-glucofuranose (5).

Prepared from glucofuranose-derived phenacylester 7 (2.091 g, 5.5 mmol), p-
ABSA (1.287 g, 5.4 mmol), and DBU (0.92 mL, 6.0 mmol) according to the general
procedure for the synthesis of diazoester sugars above. TLC showed the appearance of a
spot at an R¢ value of 0.49 in 3:1 hexanes — ethyl acetate. The resulting syrup was
purified using a silica gel flash column eluted with 6:1 hexane — ethyl acetate. The

reaction yielded 1.45 g of diazo product (65% yield).

'H NMR: §1.32 (s, 6H, 2 x -CH3), 1.42 (s, 3H, -CH3), 1.54 (s, 3H, -CH3), 4.02
(dd, 1H, H-6, J = 4.9, 8.8 Hz), 4.10 (dd, 1H, H-6', J = 5.9, 8.4 Hz), 4.19 (ddd, 1H,
H-5,J=35.5, 8.3, 10.8 Hz), 4.27 (dd, 1H, H-4, J = 3.3, 8.1 Hz), 4.67 (d, 1H, H-2,J
= 3.7 Hz), 5.38 (d, 1H, H-3, J = 2.9 Hz), 5.91 (d, 1H, H-1, J = 3.7 Hz), 7.19-7.48

(m, 5H, Ar-H).

IR absorption: 2091 cm’ for diazo group.


http:7.19-7.48

63

Rhodium(II)-catalyzed decomposition of diazoester sugars
Rh(II)-catalyzed decomposition of 2,3:5,6-Di-O-isopropylidene-1-O-(phenacyldiazo)-

a-D-mannofuranose (9) to form dimeric ether 14.

Phx g><

14

@)

In a flame-dried round-bottom flask, rhodium(II) acetate (0.013 g, 0.03 mmol)
was stirred in anhydrous CH,Cl, (4 mL) while diazoester 9 (0.097g, 0.239 mmol) was
dissolved in anhydrous CH,Cl, (4 mL). After degassing both solutions with N, the
diazosugar solution was added dropwise to the dirhodium acetate solution over 1 h using
a syringe pump. TLC (4:1 hexanes — ethyl acetate) revealed the formation of the product
at an Ry value of 0.13. The solution was then filtered with celite and evaporated. The
reaction was then purified using a flash column eluted with 4:1 hexanes — ethyl acetate.

The isolated solid was then recrystalized using ethanol.

'H NMR: 1.44 (s, 3H, -CHs), 1.34 (s, 3H, -CH3), 1.33 (s, 3H, -CH3), 1.30 (s, 3H, -
CH3), 3.45 (dd, 1H, H4, J = 3.3, 8.1 Hz), 3.70 (dd, 1H, H-6, J = 4.4, 8.8 Hz),
4.00 (dd, 1H, H-6’, J = 6.2, 8.8 Hz), 4.27 (ddd, 1H, H-5, J = 4.4, 6.2, 8.5 Hz),
4.63 (d, 1H, H-2, J = 5.9 Hz), 4.70 (dd, 1H, H-3, J = 3.3, 5.9 Hz), 5.04 (s, 1H, -

CH- a to carbonyl), 6.16 (s, 1H, H-1), 7.35-7.42 (m, 5H, Ar-H).
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Rh(II)-catalyzed decomposition of 1,2:5,6-Di-O-isopropylidene-3-0-(phenacyldiazo)-

a-D-allofuranose (11) to form dimeric ether 15.
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Dirhodium acetate (0.025 g, 0.05 mmol) was stirred in anhydrous CH,Cl, (10
mL) while allofuranose-derived diazo ester 11 (0.400 g, 0.989 mmol) was dissolved in
anhydrous CH,Cl, (10 mL). Diazosugar 11 was added dropwise to the dirhodium acetate
solution over 1 h using a syringe pump. TLC showed a spot with an R value of 0.08 in
3:1 hexanes — ethyl acetate. The reaction was purified using a flash column eluted with
3:1 hexanes — ethyl acetate and recrystalized using ethanol. The reaction gave 0.22 g of

product in 58% yield.

'H NMR: 1.19 (s, 3H, -CH3), 1.26 (s, 3H, -CH3), 1.32 (s, 3H, -CH3), 1.48 (s, 3H, -
CH3), 3.42 (dd, 1H, H-6, J = 6.6, 8.8 Hz), 3.78 (dd, 1H, H-6', J = 6.7, 8.6 Hz),
4.07 (dd, 1H, H-2, J = 3.7, 8.4 Hz), 4.16 (ddd, 1H, H-5, J = 3.6, 6.8, 10.4 Hz),
4.82 (dd, 1H, H-3, J = 5.1, 8.4 Hz), 4.87 (dd, 1H, H-4, J = 4.0, 5.1 Hz), 5.13 (s,

IH, -CH-), 5.82 (d, 1H, H-1, J = 3.7 Hz), 7.35-7.51 (m, 5H, Ar-H).
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BC NMR: §26.3,27.2, 27.9, 28.1, 66.2, 74.1, 75.6, 78.6, 78.7, 80.0, 105.2, 110.8,

114.1, 128.8 (double intensity), 129.6 (double intensity), 130.0, 136.1, 170.3.

MS: Calculated: 770.31 m/z, Found: (ESI pos) 793.6 m/z (M+Na").

Rh(II)-catalyzed decomposition of 2,3:5,6-di-O-isopropylidene-1-O-(phenacyldiazo)-

o~D-mannofuranose (9) to form ketone 16.

In a flame-dried round-bottom flask, dried rhodium(II) acetate (tip of spatula, ~5
mg) was stirred in freshly distilled CH,Cl, (45 mL). Diazo ester 9 (0.140 g, 0.346 mmol)
was dissolved in distilled CH,Cl, (5 mL). After degassing both solutions with N, the
diazosugar solution was added dropwise to the dirhodium acetate solution over 20 h
using a syringe pump. TLC showed a spot with an R¢ value of 0.58 in 2:1 hexanes — ethyl
acetate. The solution was then evaporated and purified using a flash column eluted with
4:1 hexanes — ethyl acetate. The resulting solid was recrystalized using methanol to give

0.030 g of ketone 16 in 22% yield.

'H NMR: 1.37 (s, 3H, -CH3), 1.39 (s, 3H, -CH3), 1.45 (s, 3H, -CH3), 1.52 (s, 3H, -

CHs), 4.06 (dd, 1H, H-4, J = 4.0, 8.8 Hz), 4.10-4.15 (m, 2H, H-6 and H-6"), 4.43
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(ddd, 1H, H-5, J = 4.0, 5.8, 7.7 Hz), 4.85 (d, 1H, H-2, J = 5.9 Hz), 4.89 (dd, 1H,
H-3,J=3.7,59 Hz), 6.42 (s, 1H, H-1), 7.53 (t, 2H, Ar-H, J = 7.9 Hz), 7.68 (t,

1H, Ar-H, J =7.5 Hz), 8.00 (d, 2H, Ar-H, J = 8.5 Hz).

Rh(II)-catalyzed decomposition of methyl 2,3-O-isopropylidene-5-O-(phenacyl-

diazo)-B-D-ribofuranose (10) to form ketone 17.

0
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Dried rhodium(II) acetate (0.030 g, 0.067 mmol) was stirred in freshly distilled
CH,Cl, (40 mL) while diazo ester 10 (0.740 g, 2.13 mmol) was dissolved in distilled
CH,Cl; (18 mL). After degassing both solutions with N, the diazosugar solution was
added dropwise to the dirhodium acetate solution over 15 h using a syringe pump. TLC
showed a spot with an R value of 0.36 in 3:1 hexanes — ethyl acetate. A flash column

was eluted with 3:1 hexanes — ethyl acetate to give 0.124 g of ketone 17 in 17% yield.

'H NMR: 61.32 (s, 3H, -CH3), 1.49 (s, 3H, -CH3), 3.34 (s, 3H, -CH;), 4.36-4.44
(m, 2H, H-5 and H-5’), 4.50 (dd, 2H, H-4, J = 1.1, 7.5 Hz,), 4.63 (d, 1H, H-3,J =
59 Hz), 4.72 (d, 1H, H-2, J = 5.9 Hz), 5.01 (s, 1H, H-1), 7.50 (t, 2H, Ar-H, J =

7.8 Hz), 7.65 (t, 1H, Ar-H, J = 7.5 Hz), 8.00 (d, 2H, Ar-H, J = 8.4 Hz).
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PC NMR: 626.1, 27.6, 56.3, 67.2, 82.7, 84.8, 86.2, 110.7, 113.8, 130.0 (double

intensity), 131.1(double intensity), 133.4, 136.1, 164.3, 186.7.

MS: Calculated: 336.12 m/z, Found: (ESI pos) 359.1 m/z (M+Na").

Rh(II)-catalyzed decomposition of 1,2:5,6-di-O-isopropylidene-3-O-(phenacyldiazo)-

o-D-allofuranose (11) to form ketone 18.

Dried rhodium(II) acetate (0.032 g, 0.07 mmol) was stirred in freshly distilled
CH,CI; (15 mL) while allofuranose diazoester 11 (0.51 g, 1.26 mmol) was dissolved in
distilled CH,Cl, (13 mL). Diazosugar 11 was added dropwise to the dirhodium acetate
solution over 14 h using a syringe pump. TLC (1:1 hexanes — ethyl acetate) showed the
formation of product2 at R¢ = 0.56. The solution was then filtered with celite and
evaporated. The residue was then purified using a flash column eluted with 3:1 hexanes

— ethyl acetate mixture to give 0.27 g of ketone 18 (55% yield).

'H NMR: & 1.36 (s, 3H, -CH3), 1.39 (s, 3H, -CH3), 1.41 (s, 3H, -CHz), 1.53 (s,

3H, -CHs), 3.9 (dd, 1H, H-6, J = 5.5, 8.8 Hz), 4.08 (dd, 1H, H-6', J = 6.6, 8.8 Hz),
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4.24 (dd, 1H, H-4, J = 4.5, 8.3 Hz), 4.35 (ddd, 1H, H-5, J = 5.3, 6.7, 10.0 Hz),
5.02 (dd, 1H, H-2, J = 3.8, 5.3 Hz), 5.09 (dd, 1H, H-3, J = 5.3, 8.3 Hz), 5.91 (d,
1H, H-1, J = 3.7 Hz), 7.51 (t, 2H, meta Ar-H, J = 7.7 Hz), 7.67 (t, 1H, para Ar-H,

J=17.5Hz), 8.09 (d, 2H, ortho Ar-H, J = 8.6 Hz).
13C NMR: 6§26.2, 27.5, 27.8, 28.2, 66.91, 75.2, 76.1, 78.6, 79.0, 105.5, 111.2,
114.5, 129.9 (double intensity), 131.4 (double intensity), 133.3, 136.2, 163.8,

186.5.

Rh(II)-catalyzed decomposition of 2,3:5,6-Di-O-isopropylidene-1-O-(phenacyldiazo)-

a-D-mannofuranose (9) to form insertion product 19.
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In a flame-dried round-bottom flask, the tip of a spatula (~ 4 mg) of rhodium(II)
acetate was stirred in freshly distilled CH,Cl; (40 mL). Diazo ester 19 (0.410 g, 1.01
mmol) was dissolved in distilled CH,Cl, (4 mL). After degassing both solutions with N,
the diazosugar solution was added dropwise to the dirhodium acetate solution over 16 h
using a syringe pump. TLC (2:1 hexanes — ethyl acetate) showed the formation of

product with R¢ value of 0.56. The solution was then evaporated and purified using a
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flash column eluted with 5:1 petroleum ether — ethyl acetate. The isolated solid was then
recrystalized using ethyl acetate and hexanes, by the diffusion method, to give 0.060 g of

the branched-chain sugar 19 in 16% yield.

'H NMR: & 1.16 (s, 3H, -CH3), 1.33 (s, 3H, -CH3), 1.39 (s, 3H, -CH3), 1.46 (s,
3H, -CHs), 4.00-4.37 (m, 5H, H-3, H-4, H-5, H-6, H-6’), 4.34 (s, 1H, -CH- « to

carbonyl), 5.86 (s, 1H, H-1), 7.15-7.42 (m, 5H, Ar-H).

MS: Calculated: 376.15 m/z, Found: (ESI pos) 399.1 m/z (M+Na").

Rh(II)-catalyzed decomposition of 1,2:5,6-di-O-isopropylidene-3-O-(phenacyl-

diazo)-o-D-glucofuranose (12) to form insertion product 20.

Dirhodium acetate (0.020 g, 0.04 mmol) was stirred in anhydrous CH;Cl; (10
mL) while glucofuranose-derived diazoester 12 (0.390 g, 0.96 mmol) was dissolved in
anhydrous CH,Cl, (10 mL). The solution of diazosugar 12 was added dropwise to the
dirhodium acetate solution over 1 h using a syringe pump. TLC showed a spot with an R¢

value of 0.22 in 4:1 hexanes — ethyl acetate. The reaction mixture was filtered through
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celite and purified using a flash column eluted with 4:1 hexanes — ethyl acetate. The

purification gave 0.070 g of product (19% yield).

'H NMR: §1.27 (s, 3H, -CH3), 1.38 (s, 3H, -CH3), 1.44 (s, 3H, -CH3), 1.47 (s,
3H, -CHz), 3.96 (s, 1H, -CH- « to carbonyl), 4.05 (dd, 1H, H-6, J = 4.4, 8.8 Hz),
4.17 (dd, 1H, H-6’, J = 6.2, 8.8 Hz), 4.27 (dd, 1H, H-4, J = 2.6, 8.4 Hz), 4.42
(ddd, 1H, H-5, J = 4.6, 6.0, 10.1 Hz), 4.91 (d, 1H, H-3, J = 2.7 Hz), 5.82 (s, 1H,

H-1), 7.17-7.41 (m, SH, Ar-H).

MS: Calculated: 376.15 m/z, Found: (ESI pos) 399.2 m/z (M+Na").

Rhodium(II)-catalyzed decomposition of diazoesters in the presence of alcohols

In a flame-dried 100 mL round-bottom flask, rhodium(II) acetate was suspended
in dry CH,Cl; (20 mL per gram of sugar) and 10 equivalents of dry alcohol were added.
In a separate round-bottom flask, 1.0 equivalent of diazosugar 10 or 11 was dissolved in
dry CH,Cl, (20 mL per gram of sugar). After degassing both solutions with N, the
diazosugar solution was added dropwise to the rhodium(II) acetate solution over a 4-5 h
period using a syringe pump. The solution was let stir overnight after which time the
TLC showed complete consumption of the starting material and the appearance of a spot
with a lower R value. The solution was then filtered with celite and evaporated. The
reaction was then purified using a flash column.

This general procedure was used to synthesize compounds 21-27.
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Methyl 2,3-O-isopropylidene-5-O-(2-methoxy-2-phenylacetyl)-B-D-ribofuranosides

(21) from methyl 2,3-O-isopropylidene-5-O-(phenacyldiazo)-B-D-ribofuranoside

(10).
0
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Prepared using rhodium(II) acetate (0.068 g, 0.15 mmol), dry methanol (1.3 mL),
and ribofuranose-derived diazoester 10 (1.095 g, 3.14 mmol) according to the general
procedure above. The reaction was then purified using a flash column, eluted with a 4:1

hexanes — ethyl acetate mixture, to give 0.83 g (75%) of stereoisomers 21.

'H NMR: 61.27, 1.45 (m, 6 H, 2 x -CH; protecting group), 3.12, 3.23 (2s, 3H,
-OCH; protecting group), 3.40 (s, 3H, -OCH; methyl group), 4.00-4.55
(multiplets, SH, H-2, H-3, H-4, H-5, H-5"), 4.80 (s, 1H, -CH- o to C=0), 4.91,

4.92 (2s, 1H, H-1), 7.31-7.48 (m, 5H, Ar-H).

Methyl 2,3-O-isopropylidene-5-0-(2-ethoxy-2-phenylacetyl)--D-ribofuranosides
(22) from methyl 2,3-O-isopropylidene-5-O-(phenacyldiazo)-B-D-ribofuranoside

(10).
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Prepared using rhodium(II) acetate (0.068 g, 0.15 mmol), dry ethanol (1.7 mL),
and ribofuranose-derived diazoester 10 (1.013 g, 2.91 mmol) according to the general
procedure above. The reaction mixture was then purified using a flash column, eluted

with a 4:1 hexanes — ethyl acetate mixture, to give 0.85 g (80%) of product mixture 22.

'H NMR: 61.27-1.45 (m, 9 H, -CH3 protecting group and ethyl group), 3.11, 3.23
(2s, 3H, -OCH3 protecting group), 4.35-4.54 (multiplets, 7H, -CH,- ethyl group
and H-2, H-3, H-4, H-5, H-5’), 4.90 (m, 2H, -CH- a to C=0 and H-1), 7.30-7.48

(m, SH, Ar-H).

MS: Calculated: 366.17 m/z, Found: (ESI pos) 389.2 m/z (M+Na").

Methyl 2,3-O-isopropylidene-5-0-(2-isopropoxy-2-phenylacetyl)-B-D-
ribofuranosides (23) from methyl 2,3-O-isopropylidene-5-O-(phenacyldiazo)-B-D-

ribofuranoside (10).
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Prepared using rhodium(Il) acetate (0.04 g, 0.09 mmol), dry isopropanol (1.5
mL), and ribofuranose-derived diazoester 10 (0.641 g, 1.84 mmol) according to the
general procedure above. The reaction was then purified using a flash column, eluted

with a 5:1 hexanes — ethyl acetate mixture, to give 0.50 g (71%) of stereoisomers 23.

'H NMR: §1.27-1.49 (m, 12H, -CH3 protecting group and isopropyl group), 3.12,
3.24 (2s, 3H, -OCHj protecting group), 3.68 (overlapping septet, 1H, -CH-
isopropyl group), 4.00-4.53 (multiplets, SH, H-2, H-3, H-4, H-5, H-5"), 4.91, 4.93

(2s, 1H, H-1), 5.02 (s, 1H, -CH- o to C=0), 7.29-7.48 (m, 5H, Ar-H).

MS: Calculated: 380.18 m/z, Found: (ESI pos) 403.2 m/z (M+Na").

Methyl 2,3-O-isopropylidene-5-0-(2-t-butoxy-2-phenylacetyl)-B-D-ribofuranosides

(24) from methyl 2,3-O-isopropylidene-5-O-(phenacyldiazo)-B-D-ribofuranoside

(10).
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Prepared using rhodium(II) acetate (0.075 g, 0.17 mmol), dry z-butanol (3.2 mL),
and ribofuranose-derived diazoester 10 (1.194 g, 3.42 mmol) according to the general
procedure above. The reaction was then purified using a flash column, eluted with a 10:1

hexanes — ethyl acetate mixture, to give 0.563 g (42%) of stereoisomers 24.

'H NMR: 6 1.22-1.48 (m, 15H, -CH; protecting group and t-butyl group), 3.15,
3.24 (2s, 3H, -CHj3 protecting group), 4.00-4.54 (multiplets, 5H, H-2, H-3, H-4,

H-5, H-5%), 4.94, 4.92 (2s, 1H, H-1), 5.10 (s, 1H, -CH- a to C=0), 7.26-7.48 (m,

5H, Ar-H).

1,2:5,6-Di-O-isopropylidene-3-0-(2-methoxy-2-phenylacetyl)-o-D-allofuranoses (25)

from 1,2:5,6-di-O-isopropylidene-3-O-(phenacyldiazo)-a-D-allofuranose (11)
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Prepared using rhodium(II) acetate (0.034 g, 0.07 mmol), anhydrous methanol
(0.55 mL), and allofuranose-derived diazoester 11 (0.548 g, 1.36 mmol) according to the
general procedure above. The reaction was then purified using a flash column, eluted

with a 6:1 hexanes — ethyl acetate mixture, to give 0.33 g (59%) of products 25.

'H NMR: §1.13-1.48 (m, 12H, -CH; protecting groups), 3.42, 3.45 (2s, 3H, -CH;
methyl group), 3.80-4.89 (multiplets, 7H, -CH- o to C=0 and H-2, H-3, H-4, H-5,

H-6, H-6"), 5.79, 5.81 (2d, 1H, H-1, J = 4.0, 3.6 Hz), 7.32-7.46 (m, 5SH, Ar-H).
MS: Calculated: 408.18 m/z, Found: (ESI pos) 431.2 m/z (M+Na").

1,2:5,6-Di-0O-isopropylidene-3-0-(2-ethoxy-2-phenylacetyl)-o-D-allofuranoses  (26)

from 1,2:5,6-di-O-isopropylidene-3-O-(phenacyldiazo)-o-D-allofuranose (11)
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Prepared using rhodium(II) acetate (0.012 g, 0.03 mmol), anhydrous ethanol (0.55
mL), and allofuranose-derived diazoester 11 (0.292 g, 0.72 mmol) according to the
general procedure above. The reaction was then purified using a flash column, eluted

with a 6:1 hexanes — ethyl acetate mixture, to give 0.13 g (43%) of products 26.
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'H NMR: §1.13-1.48 (m, 15H, -CH3 protecting group and ethyl group), 3.38-4.89
(multiplets, 8H, -CH;- ethyl group and H-2, H-3, H-4, H-5, H-6, H-6"), 4.92, 4.93
(2s, 1H, -CH- a to C=0), 5.79, 5.81 (2d, 1H, H-1, J = 4.0, 3.6 Hz), 7.30-7.48 (m,

5H, Ar-H).
MS: Calculated: 422.19 m/z, Found: (ESI pos) 445.2 m/z (M+Na").

1,2:5,6-Di-0O-isopropylidene-3-0-(2-isopropoxy-2-phenylacetyl)-o-D-allofuranoses

(27) from 1,2:5,6-di-O-isopropylidene-3-O-(phenacyldiazo)-a-D-allofuranese (11).
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Prepared using rhodium(II) acetate (0.015 g, 0.03 mmol), anhydrous isopropanol
(0.6 mL), and allofuranose-derived diazoester 11 (0.349 g, 0.863 mmol) according to the
general procedure above. The reaction was then purified using a flash column, eluted

with a 6:1 hexanes — ethyl acetate mixture, to give 0.154 g (41%) of products 27.

'H NMR: §1.15-1.45 (m, 18H, -CH; protecting group and isopropyl group), 3.39-
4.89 (multiplets, 7H, -CH- isopropyl group and H-2, H-3, H-4, H-5, H-6, H-6"),
5.05 (s, 1H, -CH- a. to C=0), 5.79, 5.81 (2d, 1H, H-1, J = 4.0, 4.0 Hz), 7.29-7.48

(m, 5H, Ar-H).
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Deprotection of 1,2,3,4,6-penta-0-acetyl-f-D-glucopyranose (28) at C-1 to form

2,3,4,6-tetra-0O-acetyl-o/pB-D-glucopyranose (29).

OAc

ACO%
AcO OH

OAc
29

A flame-dried three-neck round-bottom flask was equipped with a reflux
condenser and thermometer. B-D-Glucose pentaacetate (0.399 g, 1.0 mmol) was
dissolved in DMF (10 mL) and the mixture was brought to 50 °C before hydrazine
acetate was added. The reaction was let run for 5 min, after which time TLC showed
consumption of starting material. The reaction was allowed to cool to room temperature
before being diluted with ethyl acetate (20 mL) and the solution then washed with
saturated NaCl (2 x 15 mL). The organic layers were combined, dried over anhydrous

MgSOy, filtered, and evaporated to give 0.26 g of tetraacetate 21 in 73% yield.

'H NMR: §2.02 (s, 3H, -CHz), 2.03 (s, 3H, -CHs), 2.08 (s, 3H, -CHs), 2.09 (s,
3H, -CH;), 4.07-4.31 (m, 3H, H-5, H-6, H-6"), 4.90 (dd, 1H, H-2, J = 3.6, 10.2
Hz), 5.08 (t, 1H, H-3, J = 9.5 Hz), 5.46 (d, 1H, H-1, J = 3.6 Hz), 5.53 (1, 11, H-4,

J=9.9 Hz).

One-pot azide synthesis
In a flame-dried round-bottom flask, 1.0 equivalent of the sugar with one free

hydroxyl group and 2.0 equivalents of p-acetamidobenzenesulfonyl azide or 2.0
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equivalents of p-nitrobenzenesulfonyl azide were dissolved in dry acetonitrile (20 mL per
gram of sugar). 2.0 Equivalents of DBU were added to this mixture. The reaction was
then refluxed overnight. The progress of the reaction was monitored by TLC and more p-
ABSA and DBU were added if there was still starting material left. When reaction was
complete, the solvent was evaporated under reduced pressure. The residue was dissolved
in CH,Cl, and washed three times with 5% H,SO4 and two times with H,O. The organic
layer was dried over anhydrous MgSO,, filtered, and evaporated. The product was
purified by flash column chromatography. This general procedure was used to make the

azide and sulfonate ester sugars that follow.

Synthesis of 1-azido-1-deoxy-2,3:5,6-di-O-isopropylidene-B- (13) and -o-D-
mannofuranose (30) from 2,3:5,6-di-O-isopropylidene-o-D-mannofuranose (1).
Prepared from diacetone-D-mannose (1) (1.007 g, 3.86 mmol), p-ABSA (1.843 g,
7.6 mmol), and DBU (1.16 mL, 7.6 mmol) according to the general procedure described
above. The product was purified by flash column (6:1 hexanes — ethyl acetate), to give

0.62 g of azide 13 and 30 in 56% total yield.
1-Azido-1-deoxy-2,3:5,6-di-O-isopropylidene-B-D-mannofuranose (13)

XS%NS

13
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'H NMR: 6 1.37 (s, 3H, -CH3), 1.39 (s, 3H, -CH3), 1.45 (s, 3H, -CH3), 1.56 (s,
3H, -CH3), 3.59 (dd, 1H, H-4, J = 3.5, 7.5 Hz), 4.08-4.16 (m, 2H, H-6, H-6"), 4.42
(d, 1H, H-1, J = 3.6 Hz), 4.46 (ddd, 1H, H-5, J =4.7, 6.2, 7.7 Hz), 4.68 (dd, 1H,

H-2,J=34,6.0 Hz), 4.78 (dd, 1H, H-3, J = 3.5, 6.0 Hz).
C NMR: §25.5, 26.3, 26.4, 28.1, 67.8, 73.9, 79.6, 80.6, 82.2, 90.1, 110.2, 114.5.
R¢: 0.49 in 1:1 hexanes — ethyl acetate.

1-Azido-1-deoxy-2,3:5,6-di-O-isopropylidene-o-D-mannofuranose (30)

o
><° o>§o

N3
30

'H NMR: 6§1.32 (s, 3H, -CH3), 1.39 (s, 3H, -CH3), 1.47 (s, 6H, 2 x -CH3), 4.02-
4.15 (m, 3H, H-4, H-6, H-6"), 4.42 (ddd, 1H, H-5, J = 4.4, 6.2, 7.7 Hz), 448 (d,
1H, H-2, J=5.9 Hz), 4.79 (dd, 1H, H-3, J = 3.5, 6.0 Hz), 5.45 (s, 1H, H-1).

3C NMR: §25.8, 26.4,27.1, 28.1, 67.9, 73.9, 80.6, 82.9, 86.1, 96.5, 110.4, 114.2,

MS: Calculated: 285.13 m/z, Found: (ESI pos) 308.1 m/z (M+Na").

IR absorption: 2100 cm’ for azide group.
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Rs: 0.75 in 1:1 hexanes — ethyl acetate.

Synthesis of 1-azido-1-deoxy-2,3,4,6-tetra-O-acetyl-B-D-glucopyranose (32) from

2,3,4,6-tetra-0O-acetyl-o/p-D-glucopyranose (29).

Prepared from glucopyranose 29 (1.17 g, 3.36 mmol), p-ABSA (1.614 g, 6.7
mmol), and DBU (0.88 mL, 5.8 mmol) according to the general procedure described
above. TLC (1:1 hexanes — ethyl acetate) showed the formation of product at R¢= 0.5.

The product was purified by flash column, eluted with 10:1 hexanes — ethyl acetate, to

give 0.116 g of azide 32 in 15% yield.

'H NMR: §2.01 (s, 3H, -CH3), 2.03 (s, 3H, -CH3), 2.08 (s, 3H, -CH3), 2.11 (s,
3H, -CHs), 3.79 (ddd, 1H, H-5, J = 2.2, 4.7, 6.9 Hz), 4.17 (dd, 1H, H-6, J = 2.2,
12.5 Hz), 4.27 (dd, 1H, H-6’, J = 4.7, 12.4 Hz), 4.65 (d, 1H, H-1, J = 8.8 Hz),

496 (t, 1H, H-2, J=9.2 Hz), 5.11 (t, 1H, H-3, /=99 Hz), 5.22 (t, 1H, H-4, J =

9.5 Hz).

Melting point: 122-124 °C
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Synthesis of 2,3,5-tri-O-benzyl-o- (330) and -B- (33B) -D-arabinofuranosyl azides
from 2,3,5-tri-O-benzyl-B-D-arabinofuranose.

Prepared from arabinofuranose 31 (0.502 g, 1.19 mmol), p-ABSA (0.576 g, 2.39
mmol), and DBU (0.58 mL, 3.8 mmol) according to the general procedure described
above. The product was purified by flash column, eluted with 2:1 hexanes — ethyl

acetate, to give 0.19 g of azide 33a and 33B in 18% vyield.

2,3,5-Tri-O-benzyl-o-D-arabinofuranosyl azide (330

BnO OBn

OBn Na
33a

'H NMR: §3.60 (d, 2H, H-5, H-5", J = 5.1 Hz), 3.90 (dd, 1H, H-2, J = 1.46, 1.83
Hz), 3.97 (dd, 1H, H-3, J = 2.6, 5.5 Hz), 4.36 (dd, 1H, H-4, J = 5.1, 10.6 Hz),

4.43-4.55 (m, 6H, -CH,Ph), 5.42 (s, 1H, H-1), 7.24-7.36 (m, 15H, Ar-H).

MS: Calculated: 445.2 m/z, Found: (ESI pos) 468.2 m/z (M+Na").

R¢: 0.59 in 4:1 hexanes — ethyl acetate,

2,3,5-Tri-O-benzyl-B-D-arabinofuranosyl azide (33B)
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'H NMR: 63.59 (d, 2H, H-5, H-5", J = 5.9 Hz), 4.06-4.13 (m, 3H, H-2, H-3, H-
4), 4.54-4.65 (m, 6H, 3 x -CH,Ph), 5.21 (d, 1H, H-1, J = 4.8 Hz), 7.24-7.37 (m,

15H, Ar-H).

MS: Calculated: 445.2 m/z, Found: (ESI pos) 468.2 m/z (M+Na").

R¢: 0.55 in 4:1 hexanes — ethyl acetate.

Synthesis of methyl S-azido-5-deoxy-2,3-O-isopropylidene-B-D-ribofuranoside (35)

from methyl 2,3-0-isopropylidene-B-D-ribofuranoside (2).

Prepared from ribofuranoside 2 (0.416 g, 2.03 mmol), p-ABSA (0.989 g, 4.1
mmol), and DBU (0.62 mL, 4.1 mmol) according to the general procedure described
above. TLC showed the formation of the product at R¢=0.31 in 10:1 hexanes — ethyl
acetate. The product was purified by flash column eluted with 10:1 hexanes — ethyl

acetate, to give 0.23 g of azide 35 in 49% yield.
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'H NMR: 6 1.32 (s, 3H, -CHa), 1.49 (s, 3H, -CHz), 3.29 (dd, 1H, H-5, J = 6.8,
12.7 Hz), 3.38 (s, 3H, -CH3), 3.46 (dd, 1H, H-5’, /= 7.7, 12.4 Hz), 4.30 (t, 1H, H-

4,J=17.0 Hz), 4.61 (s, 2H, H-2, H-3), 5.00 (s, 1H, H-1).

®C NMR: §26.2,27.7, 54.9, 56.5, 83.2, 86.3, 86.6, 110.9, 113.8.

Synthesis of the 6-O-(p-acetamido)benzenesulfonate ester of 1,2:3,4-di-O-

isopropylidene-a-D-galactopyranose (36) from 1,2:3,4-di-O-isopropylidene-o-D-

galactopyranose (34).

o O
o%o 5
)T 36

Prepared from galactopyranose 34 (1.088 g, 4.18 mmol), p-ABSA (2.036 g, 8.47
mmol), and DBU (0.90 mL, 5.9 mmol) according to the general procedure described
above. TLC showed the formation of product at R;=0.15 in 1:1 hexanes — ethyl acetate.
The product was purified by flash column eluted with 10:1 hexanes — ethyl acetate, to

give 1.57 g of sulfonate ester 36 in 82% yield.

'H NMR: §1.27 (s, 3H, -CH3), 1.29 (s, 3H, -CH3), 1.32 (s, 3H, -CH3), 1.35 (s,

3H, -CHa), 2.23 (s, 3H, -CH; a to C=0), 4.07-4.15 (m, 3H, H-6, H-6’, H-5), 4.21



84

(dd, 1H, H-4, J = 4.8, 8.9 Hz), 4.30 (dd, 1H, H-2, J = 2.6, 5.2 Hz), 4.61 (dd, 1H,
H-3,J = 5.6, 8.1 Hz), 5.46 (d, 1H, H-1, J = 5.1 Hz), 7.68 (d, 2H, Ar-H, J = 9.1

Hz), 7.81 (d, 2H, Ar-H, J = 9.1 Hz), 7.84 (s, H, N-H).

BC NMR: 6224, 25.5, 26.1, 27.1, 61.7, 67.1, 69.7, 71.4, 71.5, 71.6, 97.2, 110.1,

110.8, 120.4, 130.5, 144.2, 169.9, 172.3.

MS: Calculated: 457.1 m/z, Found: (ESI pos) 480.2 m/z (M+Na").

Synthesis of the 3-O-(p-acetamido)benzenesulfonate ester of 1,2:5,6-di-O-

isopropylidene-a-D-allofuranose (37) from  1,2:5,6-di-O-isopropylidene-c-D-

allofuranose (3)

Yo
o)
0] O
S
H o)
37

Prepared from allofuranose 3 (0.303 g, 1.16 mmol), p-ABSA (0.564 g, 2.35
mmol), and DBU (0.36 ml., 2.36 mmol) according to the general procedure described
above. TLC showed the formation of product at R¢= 0.02 in 1:1 hexanes — ethyl acetate.
The product was recrystalized from methanol to give 0.479 g of sulfonate ester 37 in 90%

yield.
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'H NMR: &1.29 (s, 9H, 3 x -CH3), 1.36 (s, 3H, -CH3), 2.23 (s, 3H, -CH3 o to
C=0), 3.80 (dd, 1H, H-4, J = 6.4, 8.6 Hz), 3.97 (dd, 1H, H-3, J = 6.9, 8.4 Hz),
4.15 (dd, 1H, H-2, J = 4.2, 7.5 Hz), 4.21 (ddd, 1H, H-5, J = 4.2, 6.6, 10.6 Hz),
4.66 (m, 2H, H-6 and H-6’), 5.77 (d, 1H, H-1, J = 3.3 Hz), 7.70 (d, 2H, Ar-H, J =

8.8 Hz), 7.80 (s, H, N-H), 7.89 (d, 2H, Ar-H, J = 9.2 Hz).

13C NMR: §26.1,26.3,27.4,27.8,27.9, 66.4, 75.8, 77.8, 78.2, 79.0, 104.9, 111.1,

114.7, 120.1, 130.7, 131.4, 144.3, 169.7.

MS: Calculated: 457.1 m/z, Found: (ESI pos) 480.2 m/z (M+Na").

Melting point: 134-140 °C

Synthesis of the 6-O-(p-acetamido)benzenesulfonate ester of 1,2:5,6-di-O-
isopropylidene-a-D-glucofuranose (38) from 1,2:5,6-di-O-isopropylidene-o-D-

glucofuranose (4).
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Prepared from glucofuranose 4 (0.502 g, 1.9 mmol), p-ABSA (0.925 g, 3.8
mmol), and DBU (0.59 mL, 3.8 mmol) according to the general procedure described
above. TLC showed the formation of product at R¢= 0.15 in 1:1 hexanes — ethyl acetate.

The product was recrystalized from methanol to give 0.79 g of sulfonate ester 38 in 90%

yield.

'H NMR: 51.i8 (s, 3H, -CH3), 1.21 (s, 3H, -CH3), 1.32 (s, 3H, -CH3), 1.49 (s,
3H, -CHz3), 2.24 (s, 3H, -CH3 a to C=0), 3.89-4.14 (m, 4H, H-4, H-5, H-6, H-6"),
4.77 (d, 1H, H-3, J= 1.8 Hz), 4.85 (d, 1H, H-2, J=3.7 Hz), 5.92 (d, 1H, H-1, J =
3.7 Hz), 7.62 (s, H, N-H), 7.71 (d, 2H, Ar-H, J = 8.4 Hz), 7.88 (d, 2H, Ar-H, J =

8.1 Hz).

BC NMR: §26.1, 26.2,27.5, 27.8, 27.9, 68.2, 72.9, 80.9, 83.3, 84.4, 106.2, 110.3,

113.6, 120.1, 130.8, 130.9, 144.3, 169.7.

MS: Calculated: 457.1 m/z, Found: (ESI pos) 480.2 m/z (M+Na").

Melting point: 98-102 °C

Synthesis of the 6-O-(p-nitro)benzenesulfonate ester of 1,2:3,4-di-O-isopropylidene-
a-D-galactopyranose (40) from 1,2:3,4-di-O-isopropylidene-a-D-galactopyranose

(34).
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Prepared from galactopyranose 34 (0.43 g, 1.65 mmol), p-NBSA (0.765 g, 3.3
mmol), and DBU (0.51 mL, 3.3 mmol) according to the general procedure described
above. TLC showed the formation of product at R¢= 0.67 in 1:1 hexanes — ethyl acetate.
The product was purified by flash column, eluted with 10:1 hexanes — ethyl acetate, to

give 0.45 g of sulfonate ester 40 in 61% yield.

'H NMR: §1.26 (s, 3H, -CH3), 1.29 (s, 3H, -CHs), 1.32 (s, 6H, 2 x -CH3), 4.15-
4.32 (m, 5H, H-3, H-4, H-5, H-6, H-6’), 4.58 (dd, 1H, H-2, J = 2.5, 7.7 Hz), 5.37
(d, 1H, H-1, J = 5.1 Hz), 8.13 (d, 2H, Ar-H, J = 8.8 Hz), 8.37 (d, 2H, Ar-H, J =

8.8 Hz).

BC NMR: 625.6,26.1,27.1,27.2, 61.6, 67.1, 71.0, 71.3, 71.6, 97.1, 110.1, 110.8,

125.3, 130.5, 142.7, 151.7.

MS: Calculated: 445.1 m/z, Found: (ESI pos) 468.1 m/z (M+Na").

Synthesis of the 6-O-(p-nitro)benzenesulfonate ester of 1,2:5,6-di-O-isopropylidene-

a-D-glucofuranose (41) from 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (4).
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Prepared from glucofuranose 3 (0.51 g, 1.9 mmol), p-NBSA (0.901 g, 3.9 mmol),
and DBU (0.60 mL, 3.9 mmol) according to the general procedure described above. TLC
showed the formation of product at R¢=0.73 in 1:1 hexanes — ethyl acetate. The product
was purified by flash column, eluted with 4:1 hexanes — ethyl acetate, to give 0.22 g of

sulfonate ester 41 in 25% yield.

'H NMR: §1.09 (s, 3H, -CH3), 1.16 (s, 3H, -CH3), 1.21 (s, 3H, -CHs), 1.33 (s,
3H, -CHs), 3.88-4.11 (m, 4H, H-4, H-5, H-6, H-6"), 4.85 (d, 1H, H-3, J = 2.2 Hz),
4.88 (d, 1H, H-2, J = 3.7 Hz), 5.92 (d, 1H, H-1, J = 3.7 Hz), 8.14 (d, 2H, Ar-H, J

= 8.8 Hz), 8.35 (d, 2H, Ar-H, J = 8.8 Hz).

BC NMR: 6262, 27.4, 27.8, 21.9, 61.6, 68.4, 72.7, 80.8, 84.5, 106.2, 110.3,

113.7, 125.2, 130.9, 142.3, 151.9.

MS: Calculated: 445.1 m/z, Found: (ESI pos) 464.1 m/z (M+H;0").
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Synthesis of p-nitrobenzenesulfonyl azide (43) from p-nitrobenzenesulfonyl chloride

(42).

p-Nitrobenzenesulfonyl chloride (5.007 g, 22.26 mmol) and sodium azide (2.935
g, 45.12 mmol) were placed in a flame-dried round-bottom flask. Anhydrous methanol
(50 mL) was added to dissolve the reagent. The mixture was let stir overnight, and then
evaporated under reduced pressure at 40 °C or below. The residue was partitioned
between CH,Cl, (40 mL) and H,O (40 mL). The organic layer was then dried over

anhydrous MgSOy, filtered, and evaporated to give 4.7 g of a yellow solid (91 % yield).

'HNMR: & 8.17 (d, 2H, Ar-H, J = 9.15 Hz), 8.17 (d, 2H, Ar-H, J = 9.15 Hz).

Melting point: 100-102 °C

Synthesis of 2,3:5,6-di-O-isopropylidene-o-D-mannofuranosyl chloride (44) from

2,3:5,6-di-O-isopropylidene-a-D-mannofuranose (1).
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To a flame-dried 25 mL round-bottom flask, 1.0 equivalent of mannofuranose 1
(0.113 g, 0.43 mmol) and 1.0 equivalents of p-nitrobenzenesulfonyl chloride or p-tosyl
chloride (0.099 g, 0.43 mmol) were dissolved in 5 mL of dry acetonitrile. While stirring
at RT, 1.1 equivalents of DBU (1.1 mL, 0.48 mmol) was quickly added dropwise; the
reaction changed from yellow to purple. The progress of the reaction was monitored by
TLC (1:1 hexanes — ethyl acetate) for the disappearance of starting material and the
appearance of a spot with a higher Rf value. The reaction was let run for 48 h before
being evaporated. The residue was dissolved in CH,Cl; (10 mL) and washed with 5%
H>SO4 (3 x 10 mL) and H,O (2 x 10 mL). The organic layer was dried over anhydrous
MgSOy, filtered, and evaporated under reduced pressure. The product was purified by

flash column using 6:1 hexanes — ethyl acetate.*’

'H NMR: & 1.34 (s, 3H, -CH3), 1.39 (s, 3H, -CH3), 1.47 (s, 6H, 2 x -CH3), 4.02
(dd, 1H, H-6, J = 4.4, 8.8 Hz), 4.10 (dd, 1H, H-6’, J = 6.0, 9.0 Hz), 4.21 (dd, 1H,
H-4,J=3.4,7.9 Hz), 443 (ddd, 1H, H-5, J = 4.4, 6.2, 7.7 Hz), 4.88 (dd, 1H, H-3,

J=3.4,5.6Hz),5.95 (d, 1H, H-2, J =4.9 Hz), 6.08 (s, 1H, H-1).
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