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Preface

This report summarises the literature for 1986 available to us by
March 1987. The format adopted in recent volumes has been
maintained, in the absence of any recommendations for change.

I would like to thank my colleagues for all their hard work
in assembling this report, and I am glad that I have been able to
call upon an unchanged team for the endeavour. I would also like
to thank Dr. P. G. Gardam and Mrs. R. H. Pape and their colleagues
at the Royal Society of Chemistry for the production of this report

in its final form.

April 1988 Neil R. Williams
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Introduction and General Aspects

The following chapters represent a survey of monosaccharide and
selected oligosaccharide research reported in 1986. Whilst we have
attempted to be comprehensive in our coverage of monosaccharide
chemistry, certain topics embracing both carbohydrate and non-
carbohydrate components have been selective for those papers
reporting specific carbohydrate chemistry, and in some other areas
it has been difficult to decide whether extensively modified
derivatives can be regarded as being carbohydrate at all, and we
have used our own judgement in deciding whether or not to include
such papers. The trends in research interest established in our
recent reports have been maintained, and, in particular, efficient
methods for synthesizing glycosides have been widely applied to an
increasing range of compounds of ever-increasing complexity.
Natural products still have many surprises in store, as evidenced
by the discovery of the antibiotic oxetanocin, a nucleoside
analogue possessing a four-membered sugar ring; other antibiotics
apparently contain novel thio-sugar components. We have reviewed
about 1460 references for this report.

Reports on more general aspects of carbohydrates have included

" "

reviews on the sweeter side of chemistry synthetic control

in the synthesis of carbohydrates,2 the use of the hetero Diels-

Alder reaction in synthesizing 1,4-difunctionalized pentoses and

hexoses from furans,3 the application of phase-transfer catalysis
to carbohydrate chemistry,4 and the use of stable isotopes in

carbohydrate chemistry.

References
1 L.Hough, Chem. Soc. Rev., 1985, 14, 357.
2 T.Mukaiyama, Org. Synth.: Interdiscip. Challenge Proc. IUPAC Symp., 5th,
1984 (Pub. 1985), 237 (Chem. Abstr., 1986, 104, 110 023).
3 R.R.Schmidt, Acc. Chem. Res., 1986, 19, 250 (Chem. Abstr., 1986, 105, 227 145)
4 Yu.A.Zhdanov and Yu.E.Alekseev, Zh. Vses. Khim. O-va. im. D.I.Mendeleeva,
1986, 31, 188 (Chem. Abstr., 1986, 105, 134 244).
5 R.Barker and A.S.Serianni, Acc. Chem. Res., 1986, 19, 307 (Chem. Abstr.,

1986, 105, 209 284).
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Free Sugars

1 General and theoretical aspects

The reactions of monosaccharides in aqueous alkaline solution is the
subject of a review covering initial transformations, alkaline de-
gradation and the influence of reaction variables on product for-
mation.1

Molecular orbital calculations have been carried out in an invest-
igation of the mechanism of mutarotation of X-D-glucopyranose. The
CNDO/2 results were in agreement with experiment for acid- and base-
catalyzed processes. A molecular dynamics simulation of the C
and C, conformations of &-D-glucopyranose in vacuo predicts very
flexible rings. The mean dynamic structure was found to be close to
the structure found in the crystal, but there was a deviation in the
C-5 - 0-5 region.

A far-reaching communication has concluded that there is an
intrinsic energy difference between enantiomeric chemical species.
The results, from an ab initio calculation, depend on "parity-
violating weak interactions" due primarily to the electron-neutron
potential component of the weak neutral current present in atomic
nuclei. Application to the model sugar, hydrated glyceraldehyde,
indicated that the D-enantiomer is of lower energy, which, if taken
as a free energy difference, corresponds to an enantiomeric excess
of ~10 molecules per mole. The suggestion is that this difference
is the cause of the preference for D-sugars in nature.

2 Synthesis

A review on asymmetric epoxidation of allylic alcohols by the
Sharpless method includes discussion of its use for the de novo
synthesis of sugars and polyols and for further extension of sugar-
derived allylic alcohols for chiral synthesis from sugars.

The one-step synthesis of straight chain carbohydrates from
formaldehyde and syngas (hydrogen and carbon monoxide in a 2:1 ratio)
has been described. The process involves heating paraformaldehyde in
pyridine and tertiary amine in the presence of bistriphenylphosphine-
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carbonyl rhodium chloride under an atmosphere of syngas in an auto-
clave. The product contained up to 60% total carbohydrate which
consisted of straight chain sugars with between two and six carbon
atoms. The results are thus different from those obtained in the
formose reaction which gives a large proportion of branched-chain
products. The formose reaction in the presence of fructose and

the alkaline degradation of fructose in the presence of formaldehyde
have been investigated and compared. The study was prompted by the
observation that formaldehyde added for microbiological control in
the sugar industry is decomposed in the presence of invert syrup
during the liming process. It was concluded that aldolization and
retroaldolization reactions are of major importance and that there is
no essential mechanistic difference between the two reactions.
Pentoses and hexoses are formed in 48 hours from glyceraldehyde on
sodium montmorillonite clay at AOO in aqueous dispersion. The sugars
were formed in the interlamellar regions of the clay and the result-
ant intercalates were found to be stable to 25000.

A convenient preparation of L-(§)-g1yceraldehyde acetonide from L-

ascorbic acid en route to glycerol acetonide is described more fully
in Chapter 24. An alternative method to that of Dondoni et al.
(see Vol. 19, p.4) for the homologation of D-glyceraldehyde to pre-
pare derivatives of D-erythrose (1) and D-threose (2) has been des-
cribed; with appropriate reagents, either the erythro-epimer (3) or
the threo-epimer (4) could be obtained as the major product (Scheme
1). Application of a further reaction sequence to the acetonide (1)
yielded allitol hexa-acetate (5).

R 7fio Q OH

°>< 957; ou OR o Or  SiMeg
(1) R=Bn or TBOMS V““;“/

tM\‘ —%’O -5!.1‘1(,3 CH,0Ac

o ety O OMOM OAc

x-xw OAc

Wy B g o

OAc
Reagents: i, MegSimdl MgBr - CulN-Meli; ii, Nak- HMPA ;iii, BaCl- D:,«Taomsa by, 03-HMeas 5 CHz0AC

v, Me,Su(’. MgBr - CuCN- BuF L3 vi, BuFOzH Vo(m);,vu MOM-CL- Base;;viic, F~ (s)
Mey5t<LMgBr-Cul;  NaOH; xi, HCL ;xié, AC0-Py

Scheme 1

Two convenient methods for the synthesis of L-erythrose from D-
ribono-1,4-lactone have come from the same laboratory. In the first,
the 2,3-0-isopropylidene derivative is subjected to sequential
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reduction to the ribitol, periodate oxidation, and deprotection.11
gecond r?%te similarly utilized 3,5-0-benzylidene-D-ribono-1,4-
lactone.

%—[4- H]Erythrose (6), L—[1—13C, 5—2H]arabinose (7), L-
[1- "C,5~ Hlribose (8) and L-[{2- "C,5~ Hlarabinose (9) have been
synthesized from L-rhamnose’as shown in Scheme 2.

Condensations
CHDOH CHO ®cHo “cHo CHO
X OH HO W2 —on
on i, —'“JL HO — Ho + MO —— ho
CH HO HO HO
DOH CHDOH CHDOH CHDOH
© m (8) ©)
Reaguubs. i, Me,CO- H‘ 3k, NaBD.. L Ui, N@ IO, jiv, Hyot; v, KIBCN(Kitiand); vi, (NHg),MoD, (901 8h)
Scheme 2

using 2-substituted 1,3,2-dioxaboroles provide a means for extending
the chain length of a sugar by two carbon atoms. The reagent was
most conveniently used by attachment to a polymer. The application

of the me?hod to 2,3-0-cyclohexylidene-L-glyceraldehyde is shown in
Scheme 3.

0 CHO o CHO CHO CHO
B/ ﬂ + o — B/ HO OH
No O(o ~0 A s HO + HO
o HO HO
D(O H20OH CHa0H

Reagent : i, MeOH-H30; i, H30" Scheme 3 {major) (minor)
cne

L-Glucose has been synthesized by the route shown in Scheme 4.

OSL-+
.\ . AcO 0
/ \ 0-R < ’ _I!JL* Ph / 1
; 2 .
osi% OAc "”
Re () 8- Phenmenthyl

1
vu X r.O OA
<CH20H> OH < KCHzoAc) <

Reogents: i, PRCHO- Eu(hFc)S 31, TFA 5 iii, Ma(OAQ), | iv, NaBH,- CeCly;v, Acg0-Py;vi, 0SO, ; vii, Oy 3 ik, H202;
ix, BHj ;x, NoOMe-MeOH Scheme 4

The Diels-Alder reaction of the substituted butadiene and benz-
aldehyde proceeded under asymmetric induction due to the sub-
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stituted menthyl moiety.1

Conversion of alditols to aldoses without the need to protect all
hydroxy groups has been achieved by monotosylation of one primary
hydroxy group, displacement with azide ion and photolysis in methanol
to yield the aldimine,which was then hydrolyzed to the aldose. The
procedure was illu?trated using 3,4-0 isoproEylldeno ~D-mannitol to
produce D-mannose. The synthesis of D-[U~ C]galactose from
methyl «-D~[U- "Clglucopyranoside via aqueous bromine oxidation to
the 4-uloside, reduction by sodium borohydride and hydrolysis has
been described, along with the isolation of D-glucuronic acid and
methyl ®~D-mannopyranoside as by-products.

The Knoevenagel-Doebner reactions of 2,3-0O-isopropylidene-D~ribo-
furanose and 2,3:5,6-di-0-isopropylidene-D-mannofuranose have been
studied (Scheme 5). The products were found to be epimerized at the
original C-2 position.

2,3-0-Igsopropylidene-B-D-tagatopyranose (10) has bsen synthesized

cHon CHyOH ><0 ><o
OH Q 0 ) (¢) oH
19
OH-———> d><b OH —“% °><5
Me =

COy
COpMe
ngezﬂ:s: t, HOCCH,COp Me - Py ~ Piperidine
Scheme 5

from 1-0-benzoyl-2,3:4,5-0-isopropylidene-g-D-fructopyranose (11).
The required inversion at C-4 was effected by oxidation - reduction
of the 4-hydroxy derivative (12), but the reduction showed poor
stereoselectivity and gave the C-4 epimers (12) and (13) in a 1:1
ratio. The regioselective 5-0-benzylation to generate (12) was
achieved via a 4,5-Q-dibutylstannylidene derivative (Scheme 6).

e s (ool

CHZOBz CHgOH
(11) 12) (13) (10)
Reageats: i MeOR-H*; ii, Bu,5n0 ; Ui, BnBr ;iv, DMSO - (CF3C0),0 ; v, NaBHy: vi, Ha-Pd ; vii, NaOMe ~ MeOH
Scheme 6

Synthesis of the higher sugars is currently attracting much
interest and papers covering the range up to decoses have appeared.
Reaction of D-mannose with nitromethane in the presence of sodium
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methoxide followedzby treatment with sulphuric acid gave D-glycero-
D~-galacto-heptose. Sequential hydrogenation of the octynopyranose
(14) using Lindlar catalyst and hydrogen, ozonolytic cleavage of the
alkenyl products, and reduction of the ozonide gave methyl 2,3,4-
tri-O-benzyl-o(~D- and --L—glycero—D—gluco-heptopyranosides.21

Cyanide addition to the manno-dialdose (15) has been used in the syn-

CaCH

OH

0
24
OBn (%
8n0 OMe

OBn

thesis of D- and L-glycero-D-manno-heptose. The addition was accom-
panied by epimerization at C-5, presumably by g-elimination and
addition (Scheme 7). L-glycero-D-manno-Heptose, a constituent of
the inner region of lipopolysaccharides, has also been synthesized

CHO CN 5 CHZ0H Me CHO

—0 ) J:on + ‘-/FOH VJZOH + Jio HO
e, HO
OBn B0 J5 CN CHNHp /5 75’
8n0 0Bn OH
C} OH \_'-_V_, CH
(15) 7 HO

Reagenks: i, HCN-Py;ii, LAH ;Ui, NaNO 3 -NaOAc-ACOH ; iv, Ha-Pd/C CH20H

Scheme 7

by chain-extension of 2,3:5,6-di-O-isopropylidene-x-D-mannofuranose
using dithiane, the corresponding alditol being inverted to the

required heptose by standard reactions.

CHoOH CH,OH CHROH CH,OH  CHpOH
OH HO v HO . OH
% - $ ' i b oo = g o
R R R R R
("‘“J‘”') (minor) (major) (minor)
o

CHon

c
H
L\O S, © o o ° 0 0
T HO R= + or +o
R R A A
Reagents: i, 0504 MEN_D ;id, Sharpless ;li, OH-H;0
Scheme 8

HaOH

A review on the occurrence and preparation of D-mannoheptulose has

appeared. 4 Full papers have been published by Brimacombe's group
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on their syntheses of octoses and decoses by w-chain extension of di-
aldose derivatives to alkenyl derivatives which were then subjected
to stereospecific hydroxylation procedures. - (See Vol. 19, p.6,
refs. 14,15. Inadvertently the report indicated D-threo and L-erythro
products as the major products; the correct data are shown in Scheme
8.)

Conventional degradations of the appropriate octoses were also
used to prepare L- and D-glycero-D-manno-heptose. The preparation
and identification of aldolization products formed by treatment of
1,3-dimethoxy-R2-propanone with aqueous sodium hydroxide at SOC has
been reported. The products included the branched-chain pentose,
heptose, and nonose derivatives (16) - (18).2

The synthesis of sugars by iterative, diastereoselective homo-
logation of aldehydo-sugars with 2-trimethylsilylthiazole mentioned
last year (see Vol. 19, p.5, ref. 11) has been extended up to
nonose derivatives. The newly created chiral centre at C-2
invariably bore an erythro relationship to the (-3 substituent; thus,
D-glyceraldehyde led to the D-allose derivative (19), an% the meso-
octitol (20) was obtained via the corresponding octose.

CHoOMe

|=o —£o  oBn OH  OBn  (QBn

CHOMe (1) o=t Q\/’L\\//L\Vzo” HO\J/I\\//I\\//J\\//A\
l-on (i n=2 H H H H i OH
- d8n  Ben OBn OBn &H

' CH0Me n (1 9) n=3 (19) (20)

CH,O0Me

A Wittig reaction on aldehydo-2,4,5,6-tetra-0-methyl-D-glucose
gave the Z-oct-2-enonic acid derivative (21), which yielded the
lactone (22), an intermediate for synthesizing octoses. Wittig

7 Co,Me
OMe
HO
OMe —

OMe
CHaOMe

(21 @2

reagents prepared from sugars have also been used to synthesize
potential intermediates for higher sugars; Scheme 9 illustrates such
a synthesis, coupling two sugar units tail-to-~tail, to give a do-
decose derivative.

Enzymic coupling of sugar phosphates by aldolase has been used to
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prepare octoses and nonoses (Scheme 10). The method was shown to be
suitable for coupling deoxy and amino-deoxy sugars. The dianion

) o
COzH NPPhy  CHO on A O. OMe
)5—" L 050 ° ¢ 0 /—0
Y —— + —_—
S A o A o. 0
o_0
o < 5 =<

Reagents: i,(Im),CO;ii, CHy=PPhy

Scheme 9
cHo0(P) CHL0H
) )
cH0 (@) ¢Ho ) HO HO
=0+ (CHOM) —t oH  —r OH
CH0H OH CHOH),, (Chom),
CHa0 (®) OH OH
ne2er3 CH0(®) Ha OH
Schemel0

of the glucofuranosyl sulphone (23) has been reacted with carbon
electrophiles to yield higher sugar sulphones (24). The same paper
also reports chain extension of dialdehydo nucleosides such as (25)
by means of Wittig reactions.

50,Ph CHO
I
0 u
HORCH (23) R=H
0 (24) R=Me, PhCH(OH);
B
08n A Me(CHz)mCHOH- o><o

A( (25)

Allosucrose, &k~-D-allopyranosyl-g-D-fructofuranoside, has been pre-
pared from sucrose usigg an oxidation-reduction sequence to invert
the C-3-hydroxy group.

3 Physical measurements

The direct measurement of the rate of ring-opening of D-glucose by
aldose reductase-catalyzed reduction has been reported. The results
for this direct measurement of D-glucose and 5-thio-D-glucose support
the prediction that base-catalyzed mutarotation proceeds pri?zrily
through the acyclic carbonyl intermediate for simple sugars. The
effect of cations on the anomeric equilibrium of D-glucose in aqueous
solutions has been studied by Raman spectroscopy in the 950 - 800cm
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region. The calcium ion has a marked effect in shifting the equi-
librium towards the «{-anomer. The magnltude gf this effect was found
tg decrease in the sequence Ca )Sr GLa )Na ~Zn )Cd “Mg

K as determined by the proportion of the x-anomer present. D-
Idose in deuterium oxide exists as 13.5% «L-furanose, 16.5% p-furanose,
35.9% £-pyranose, 33.42fﬂ-pyranose, 0.5% aldehydrol and 0.1% aldehydo
forms as measured with C n.m.r. of C-enriched compounds. For
D-glycero-D-ido-heptose the corresponding proportions were 8.7, 15.5,
24.4, 50.8, 0.6, and 0.06%7. The technique allowed the unidirectional
rate constants for ring-opening and closing of the furanoses and
pyranoses to be determined. Isomer distribution of D-fructose in
water, DMSO and pyridine has been determined by examination of H
n.m.r. intensities of the C-2 hydroxy protons. Experiments were
carried out in [d6]DMSO, or in other solvents by freezing the samples
with liquid nitrogen and dissolving in DMSO with rapid determination
of the n.m.r. spectrum. At 250 the p-furanose predominated in DMSO
whereas in water and pyridine the most abundant form was the g-pyran-
ose. The rate constants for all the reactions in the inter-
conversion of the pyranose, furanose, and aldehydo forms of 2-deoxy-
D-erythro-pentose have been determined by n.m.r. methods. Kinetic
and thermodynamic parameters for the thermal and photochemical muta-
rotation of ®K-D-glucose in DMSO have been measured and & mechanism
proposed.

An investigation of the relationship between sweetness and
structure of chlorinated sugars has been carried out using Fourier
transform i.r. to examine the states of the hydroxy groups. It was
concluded that the sweet compounds contained hydroxy groups which
were not involved in hydrogen bonding and that chloro functions en-
hance sweetness by increasing lipophilicity.

Enthalpies of solution of X-D-glucose, s-D-glucose, £-D-galactose,
and o/-D-mannose in water-DMF mixtures at 298.15K have been reported
for the whole mol fraction region. Exothermic deviations from linear
behaviour result from preferential hydrogen-bonding of functional
groups and hydrophobic hydration of the apolar surfaces of the
solute. Differences in solvation enthalpy of the four hexoses were
related to differences in their conformations. Results of calor-
imetric measurements of mean molar heat capacities of sugars have
been reported. Derivatives of D-galactopyranose, DL-2,3,4-trideoxy-
glycero-hex-2-enopyranose, and DL-ribopyranose were studied, and
the heat capacity contributions of the pyranose rings in these sugars
confirmed the existence of different energy levels found previously
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from semi-empirical calculations for the different conformations of
the pyranose ring. Conformation entropies for a series of mono-
and higher saccharides including O-methyl derivatives have been pre-
dicted from rotational prohibition rules and found to agree satis-
factorily with known entropies of D-aldohexopyranoses. The heats
of dilution of agueous solutions of cellobiose, maltose, trehalose,
and melizitose have been determined by flow microcalorimetry, and the
influence of urea in these solutions was studied. In some cases
'excess' thermodynamic properties could be determined. Pyrolysis
of glucose, maltose, cellobiose, amylose, and cellulose has been
studied by thermogravimetry between 250 - 4000 under helium at
atmospheric pressure. The mechanism of cryoprotection in living
cells and liposome dispersions by mono-, di-, and tri-saccharides has
been investigated by differential scanning calorimetry and Raman
spectroscopy of aqueous sugar solutions at low temperatures, methods
which determine the amount of 'unfreezable water' bound to the
sugars.

A kinetic study of the acetone-sorbose reaction on an ion-exchange
resin, KU-23, showed that the reaction could be interpreted in terms
of two types of water in the catalyst; one of these blocks the active
gites while the other is involved in diluting the reactants. A
dielectric study of sorbed water on galactose has been carried out
using a depolarization thermocurrent method on compressed pellets of
hydrated galactose. The modes of binding of water molecules in the
temperature range 80 - 300K and water contents between 2.2 and 20.8%
were investigated; measurements revealed two dielectric dispersion
regions, one attributed to reorientation of sorbed water. Three
discrete relaxation mechanisms contribute to second dispersion at
higher temperatures. The hydrophobic properties of sugars and
their igglications in nutrition and food science have been re-
viewed.

C~N.m.r. spin-lattice relaxation has been used to study the
molecular motion of sucrose in water. Conformations of the sugar,
which tumbles anisotropically, change with temperature and there are
distinctly different rates and activation energies for the internal
rotations of the three hydroxymethyl groups. Two experiments on
the crystallization of sucrose in cosmic space have been described.
In one, the growth of single crystals was found to be eight times
the rate on Karth, while the other used zonal fusion with a
temperature gradient to study the kinetics and the microtopography
of sugar crystals compared to conditions on Earth.
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The nature of ester formation between borate and D-mannitol, D-
glucitol, D-fructose, and D-glucose in aqueous solution at pH 6 - 12
has been elucidated using B- and C-n.m.r. spectroscopy.

Sugars have been transported against a concentration gradient in the
artificial membrane system shown in Figure 1. The transportation is
mediated by phenylboronic acid and a pH difference is used to drive
accunulation of the sugar from the alkaline to the acid side. The
sugars are carried through the dichloromethane 'membrane' as a

boronate complex with a quaternary ammonium counter-ion. Per-
HO CH Cl H O
2 2 2 2
Na CO_-NaHCO PhB(OH) H NCH CO H R=octyl
2 3 3 P 2 2 2
pH10 RNt c1” pH 3.0
sugar
Figure 1

meations of glucose, lactose, and raffinose through poly(butyl-
methacrylate)-poly(L~glutamic acid) co-polymer membranes have been
shown to be pH dependent. At low pH, glucose permeated faster than
lactose, with raffinose slower still. Implications for sugar trans-
port through biomembranes were mentioned. Partition coefficients
for partition of sugars between a polystyrene gel and aqueous
solvents have been measured. The differential partition of mono-
saccharides was attributed to the hydrophobicity of the sugars,
which increases in the order D-gal < D-glc ¢ D-man { D-ara, D-xyl £
D-rib, consistent with the order based on the free energy change for
transfer of sugar molecules from water to 71-butanol. The kinetics
of the cathodic reduction of D-glucose have been determined using a
rotating disc electrode.

4 Isomerigzations

There has been a 1H n.m.r. study of the conversion of 2,3-erythro-
aldoses into 2,3-threo-aldoses by methanol%g potassium carbonate.

The reactions proceed through hemiacetals. D-Glucose, D-quinovose,
and L-(or D-)rhamnose are rapidly epimerized at C-2 in the presence

of [Ni(HZO)z(tmen)2]Cl2 (tmen = g,g,gj-trimethylethylenediamine). The
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reaction was complete in 3 to 4 minutes at 60o in methanol. The
manno-products (D-mannose, D-rhamnose) formed nickel(II) complexes
which were isolable by gel permeation chromatography on LHg?O, and
from which the sugar could be released by acid hydrolysis.

The effects of several variables on the chemical changes under-

gone by D~glucose and D-fructose in acidic media, under conditions
where 5-hydroxymethylfurfural is formed, have been studied.
Reversion and degradation products were found. Potassium
hydroxide-catalyzed isomerization of D-{1- “Clmannose under anaerobic
conditions gave D-[1- “G]glucose and D-[1- Clfructose as expected,
but [6- “Clglucose, [6- “Clmannose, and [6- “C]fructose were also
found, possibly formed via 3,/-enediolates. Evidence for the latter
came from observajion of [1- “Clsorbose and [6- “Clsorbose in the
reaction mixture. A study of the adsorption of carbohydrates on
anion exchangers, useful for conversion of glucose to fructose and
lactose to lactulose, has been carried out. The ionization data
adsorption coefficients and heats of adsorption were determined. A
further paper details the diffusion coefficients on IRA 401, a gel
type exchanger, and on IRA 938, a macroreticular type exchanger.
Sodium salts of epimeric 1-deoxy-1-nitro-octitols, obtained from
nitromethane and D-glycero-D-galacto-heptose, on treatment with

hydrogen peroxide-ammonium molybdate gave D-erythro-L-gluco- and D-

erythro-L-manno-octose. Molybdate-catalyzed epimerization of the

latter gave a mixture in which the former predominated. Both
normally occur as pyranoses in aqueous solution, but complexation
with molybdate induces furanoid structures. A disadvantage of
molybdate epimerization reactions is that there are often side-re-
actions in which C-3 epimers are produced in admixture with the
desired C-2 epimers. These side-reactions may be controlled by using
the paramolybdate form of an anion exchange resin together with the
formate form of the same resin. The latter scavenges unbound
molybdate and paramg%ybdate anions that appear to be responsible for
the side-reactions.

5 QOxidation

A review on metal-ion oxidations of reggcing sugars and kinetic
approaches to mechanisms has appeared.

The kinetics of the oxidation of hexoses, pentoses, hexitols and
pentitols by vanadium(V), cerium(IV), manganese(III) and thallium-
(III) in aqueous acidic media have been claimed to proceed via a
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free radical mechanism. The kinetics and mechanism of the cerium(IV)
oxidation of glucose and sorbose in aqueous acid have been des-
cribed. The oxidation of D-altrose by cerium(IV) perchlorate in
perchloric acid medium is first order in sugar and oxidant; there is
a positive salt effect but no evidence for initial complexation was
found. The kinetics and mechanism of the thallium(III) oxidation
of melibiose in the presence of sulphuric acid in aqueous acetic
acid at constant ionic strength have been studied. The reaction,
which is second order overall and shows a primary salt effect, pro-
duces gluconic acid and galactose. A study of the kinetics of

the oxidation of ribose by potassium bromate in an acid medium has
been carried out and a mechanism proposed.

Pyridinium fluorochromate oxidized D-glucose to yield D-arabinose
and formic acid in a second order reaction catalyzed by acid. The
rate of oxidation of the produced arabinose is insignificant under
kinetic conditions. The kinetics of oxidation of D-galactose by
N-bromosaccharin in aqueous acetic acid show the reaction to be first
order in oxidant and sugar; the product is D-galactonic acid.

Electrolytic oxidation of sucrose, maltose and glucose on a lead-
(I1) oxide-coated titanium mesh electrode has been studied in
connection with electrochemical treatment of effluents. Hydroxide
radicals are the effective oxidant in the stepwise photoanodic oxid-
ation of D-glucose to carbon dioxide on a polyerystalline zinc oxide
electrode in alkaline solution. The electrocatalytic oxidation
of D-glucose at a glucose oxidase-immobilized benzoquinone-mixed
carbon paste electrode has been studied and the importance of various
concentration parameters on the oxidation examined. A compar-
ative study of the slectrocatalytic influence of underpotential heavy
metal adatoms on the anodic oxidation of monosaccharides on platinum
in acid solutions has been carried out. In water at neutral pH,
D-fructose is oxidised photochemically in the presence of iron(III)
and manganese(II) ions. The main product is D-~erythrose.

Gamma radiation damage in solid glucose and lactose has been
studied by i.r. and u.v. g?ectral meéthods and a mechaniasm for radio-
lytic oxidation proposed.

Bacterial oxidation of L-mannitol and L-glucitol has been used to
prepare L-fructose and D-sorbose respectively. The bacterium called
MD 13 contains a novel polyol dehydrogenase which preferentially
oxidizes L-alditols. The reaction was also applied to pentitols.

Two methods of ozonolysis of glucose, kinetic-static and ozone-
bubbling, have been compared for kinetic measurements and the former
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8
found to be the most suitable. 2
The platinum-catalyzed oxidation of isosorbide is referred to in
Chapter 18.

6 Other aspects

Anomers of D-glucose, xylose, galactose, mannose, arabinose, maltose,
and cellobiose have been separated by HPLC on cation-exchange resin
columns in the calcium ion form using water as eluent at 1.500. In
each case the 1,2-cis-diol had longer retention times due to complex-
ation.

Various methods for enriching tetroses, pentoses and hexoses with
oxygen isotopes have been described. Approaches included exchange
between H 0 and the aldehyde group of an aldose, exchange of 0-1
with 0-2 of both of the 2~epimeric aldoses formed by molybdate resin
epimerization, and chain extension using cyanide addition. All
sixteen aldohexoses enriched at five out of six oxygen atoms and all
eight aldopentoses enriched at two out of four oxygen atoms were
prepared and characterized by g.c.-mass spectroscopy.

Hydrolysis of sugar cane bagasse with hydrochloric acid promoted
by metal cations has been investigated. Lithium chloride was found
to be very effective with commercial grade hydrochloric acid in the
hydrolysis of prehydrolysed sugar cane bagasse, most of the sugar
oligomers being hydrolyzed to monomers in 10 - 20 minutes. Longer
times lead to decomposition and reversion products. Zinc chloride is
a milder promoter which requires post hydrolysis even after 30 min
at SOOG but does not decompose the sugars. Prolonged reaction time
and post-hydrolysis gave the highest sugar yields. Iron(III)
chloride was largely ineffective in the hydrolysis ofsgellulose but
was a good promoter of hydrolysis of sugar oligomers.

Irradiation of D-glucose or lactose with ultrasound produced
malonaldehyde which can polymerize if the conditions are neutral or
acidic. The process may be important in food manufacture where

ultrasound is used to produce cavitations.
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Glycosides and Disaccharides

1 0-Glycosides

1.1 Synthesis of Monosaccharide Glycosides.- A very useful review

has appeared on newer methods for glycoside formation, particularly
those based on 0O-alkylation and on the use of glycosyl trichloro-
acetimidates, sulphonium salts and fluorides.l A shorter paper has
dealt with the use of silicon-containing compounds as glycosylation
catalysts.2

CHZOP(V
0
o0 OPiv 5 oh
o-N=c]
0o ~Me
(1) But

The interesting new glycosyl donor (1), obtainable by silver ion
catalysed condensation of acetophenone oxime and tetra-0-pivaloyl-a-
D-glucopyranosyl bromide, is an improved glycosylation reagent of
the orthoester type. Together with catalytic boron triflucride, it
affords excellentgaccess to B-D-glucopyranosides of a range of

complex alcohols. A more unconventional route to glycosides uses
aryl glycosides and thelr substlituted derivatives which react with
alcohols under mild electrolytic conditions. Acetonitrile and
lithium perchlorate were used as solvent and electrolyte; oxidation

potentials of aryl glycosides are 1-2 v, and slightly higher

voltages were used to effect the displacement reactions. Some
results are illustrated in Scheme 1. Secondary and tertiary

CHoOR B o VYed o:8

0 « 1L Ac g 14 79% 3:97

or 1)~OPh + MeOH ——» 1)~OMe 2.8n @ 16  92% 35:65

RO (n. mol.y ¢ 3 Hp 10 1% 75:25

OR equn. 4 H « 3 93% 7921

Scheme 1

alcohols react with less efficiency; a- and 8-1,6-1linked di-
saccharides were however produced in 65% yield but with poor

18
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anomeric selectivity.

Phase transfer reaction of unsubstituted anomeric hydroxy com-
pounds with dimethyl sulphate gives a,B-ratios of methyl glycosildes
which are determined by the relative acidities of the anomeric
sugars. Alcohols in the solvent cause the formation of increased
proportions of B-anomers in the D-glucose and D-galactose series.5

2,3,4,6-Tetra-0-benzyl-o-D-glucose treated with alcohols,
pyridine and trimethylsilyl triflate gave good ylelds of a,B-
anomeric glycosides in various solvents. Alternatively, 2,3,4-tri-
0-benzyl-D-glucose gave good a-selectivity in dlchloromethane,
methyl 2,3,4-tri-0-benzyl-B-D-glucoside affording 72% of the a,B-
1,6-1linked disaccharides in the ratio 6:1.6 2-Amino-2-deoxy-4,6-0-
ethylidene-a- and B-D-glucosyl-, the 2-methylamino-L-analogue and
the 3-amino-3-deoxy-4,6-0-ethylidene-~B-D-glucopyranosyl- and other
analogues of etoposide (2), an anticancer podophyllotoxin compound,
have been made by coupling (BF3 catalysis) the partially protected
aglycone with the appropriate sugar derivatives having a free-
hydroxy group at C—1.7’

0 ° O OMe co,
Loy B ByrC
OOH O OMe o OH </~
OH 0. ° OH NMe
® ®
a-Glycosidation of anthracycline aglycones has been effected with
3-N-trifluoroacetyl-1,4-bis-0-(p-nitrobenzoyl)-L-daunosamine using
trimethylsilyl triflate as catalyst,9 and a B-glucoside of (-)-
steganol has been made by a transglycosylation process with boron
trifluoride as catalyst.lo
The trichloroacetimidate method has been employed in the pre-
paration of the glucosides of 1,2—dipalmitin,11 sphingosine,l2
digitoxigeninl3’ 1384 2nd of the glucuronide (3) of the anti-
depressant mianserin and its 6-aza analogue.l
l-Thio'compounds continue to attract attention as glycosylating
agents. Thioglycosides can be activated under mild conditions by
use of copper(II) bromide and catalytic tert-butyl ammonium bromide
to give high yields of either 1,2-cis- or 1,2-trans-glycosides from
primary or secondary alcohels. Nitromethane or 1,2-dichloroethane

15 Perbenzylated glucosyl xanthates, made

were used as solvents.
conventlonally from the l-hydroxy compound, on treatment under
vacuum with alcohols and catalytic boron trifluoride gave glycosides

in very high yields. Reactlve alcohols gave a,B-mixtures, but less
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reactive alcohols afforded mainly oa-products. Small amounts of
methyl l-thloglycosides were formed as by-products.16
4-0-Benzyl-1,2-0-(1-cyanoethylidene)-B-L-rhamnose, with an exo-
cyano group, can be prepared in U stages from a methyl L-rhamno-
pyranoside derivative, and is useful 1n the synthesils of QO-antigenic
polysaccharides of Shigella flexneri.17 Also in the area of
glycosylating agents based on bicyclic systems, a-D-glucopyranose
cholesteryl orthoacetate has been employed to cause glucosylation of

the steroidal epoxydammaranetriol.l
A review has appeared on the synthesis of fluorinated carbo-
hydrates including glycosyl fluorides and their use in the pre-
paration of 0- and g—-glycosides.l9 The use of tri-0O-benzyl-a- and
B-L-rhamnopyranosyl fluoride in the presence of tin(II) chloride or
silver perchlorate as glycosylating agents have been examined.
Both anomers gave a-linked disaccharide products with secondary
monosaccharide alcohols.2o
In connection with studies of the carbohydrate part of bleomyecin
[2-0-(3-0-carbamoyl-a-D-mannopyranosyl)-L-gulopyrancse], several key
D-mannose compounds have been prepared including the orthoester (U4)

and the glycosyl chloride (5).21 Other glycosyl chlorides have

been used in the preparation of the glycosides (6)22 and (7).23
Me
0
TrOCH; K0 CHZOAc o0 CHZ A‘
4 s,
0© Ao K ) ®_< Conc h NHCO,Bn
(o] HyN T OHe
OBn . NHCOCF;
(4) &)

Glycosyl bromides continue to hold primary place as glycosylation
reagents;Tl+, Co2+ and Cd2+ salts of zeolites 4A and 3X are suiltable
solid phase promoters of glycosylation as alternatives to Ag+ and
Hg2+ salts.el4 Comparisons have been carried out on the effects of
silver carbonate, silver triflate and silver tetrafluoroborate as
promoters of condensation between tetra-0-acetyl-a-D-glucopyranosyl
and -galactopyranosyl bromide and simple alcohols and 8-methoxy-
carbonyloctanol. Optimum yields of B-glycosides were obtalned
using the tetrafluoroborate alone or in the presence of s-collidine
in acetonitrile.25 Benzoylated 2-deoxy-B-D-glycosyl bromides used
with silver zeolite as catalyst gave 5U4-84% ylelds of deoxy-
disaccharides and 2-deoxysteroidal glycosides; o,B-ratios varied
from 0.25 to 1.18.26 An improvement in the oxazoline and
phthalimido methods of making B-glycosides of 2-amino-2-deoxy-D-

glucopyranose has been made by use of compound (8) together with
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mercury(II) cyanide; yields were greater than 80% including with
sugar alcohols.

(o]
[
3

CH20Ac 0Bn
Re X

0
NN N" SN Ra tetrn-0-Acg-D-Glep

Ohc l
AcO Br RO’K/, 0;\/’
F

NHCO,CH,CH=CH, F
® ® (19)

Relatively simple glycosides to have been made are trifluoro-
methyl tetra-0-methyl-D-glucopyranoside, by use of tris(dimethyl-
amino)sulphonium trifluoromethoxide and the glycosyl bromide,28 and
the B-glucopyranoside (9) of 2-0-benzyl-5-fluorouracil by use of
acetobromoglucose and a phase transfer catalyst. It however was
formed together with the N-substituted isomer (10).29

Koenigs Knorr glycosylations of several natural products have
been reported: steroidal alcohols by use of tetra-0-pivaloyl and

/>

tetra-0-(o-toluoyl)-a-D-glucopyranosyl bromide, the former giving
B-glucosides wlth no orthoesters and therefore to be preferred;BO
B-sitosterol,31 b-hydroxyestriol (3-, 4-, 16- and 1l7-glucuronides)
and Y4-hydroxyestradiol (17—glucuronide);32 a partially protected
flavone (to give pedalin, 3',4',5,6-tetrahydroxy-7-methoxyflavone-6-
g—B—D—glucopyranoside);33 dammarane ’(:Jr*itzerpenoids;3"l and 18-~

).35 A review on "recent

glycyrrhetol (3- and 30-B-D-glucuronosides
developments in the total synthesis of macrolide antibiotics"
includes references to several types of glycosylations applied in
this field.36 Several 3-0-B-D-furanosldes of digitoxigenin,
including those involving 5-amino-5-deoxy-D-ribose, 3,6-anhydro-D-
glucose and 3,6-dideoxy-3,6-1imino-D-glucose, have been reported.
The compounds showed weak to moderate cardiotonic activity.36a
Several reports have appeared on the synthesis of aryl glycosides;

a method using 3,4,6-tri-0-acetyl-2-deoxy-a-D-arabino- or -lyxo-

hexopyranosyl dialkyldithlophosphate (obtainable from tri-Q-acetyl-

D-glucal and -galactal) was used to obtain o-nitrophenyl and p-

36b

nitrophenyl 2-deoxy glycosides. Optimum conditions for pre-

paring l,2-trans-related pyranosyl compounds using phosphoric acid or
sugar peracetates have been determined using 130 n.m.r. methods,37
and furanosyl phenyl and p-nitrophenyl trans-related glycosides of
D-glucose, D-galactose, L-arabinose and D-ribose have been obtained

from 1,2-trans-related acetylated glycosyl fluorides using the
38

sodium phenates 1n ethanol. p-Nitrophenyl B-D-galactofuranoside

has been made from D-galactono-l,4-lactone tetrabenzoate via the

39

sugar pentabenzoate. 2,3,M,6—Tetra—gfbenzyl—D—glucose, activated
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with DCC, offers general access to aryl g;lucopyranos:’Ldes.uO

Acetobromoglucose condensed with 2,4-dihydroxybenzaldehyde gave
the 4-substituted, B-linked product from which 3-methoxy-4-(2'-nitro
-vinyl)phenyl B-D-glucoside was produced as a potential chromogenic
substrate for use as a glucosidase assay substrate.ul B-D-Gluco-
sides of a range of hydroxybenzoic and hydroxycinnamic acids found
in berries and vegetables have been prepared and quantitatively
assayed in their natural sources.u2 During the reaction of sali-
cylic acid with a D-glucuronic acld-based glycosyl bromide, both
the phenyl glycoside and the product of substitution at the
carbohydrate were f‘or-med.u3 Acetylated glycosides of 2-hydroxy-
1,4-naphthoguinone have been made as poteﬁtial f‘ungflcides.l‘lu The
glycosides (11)45 and (12)”6 have been synthesized; the latter, the

RO

(11) R=p-D-Glc,-Gal -Ara (12
4-methylumbelliferyl o-glycoside of N-acetyl-4-deoxyneuraminic acid,
is resistant to bacterlal sialidases.

Specific, simple 0-glycosides to have been reported are allyl
B-D-mannopyranoside (from 4,6-di-0-acetyl-2,3-0-carbonyl-o-D-manno-
pyranosyl bromide) 7 and formylmethyl a-D-galactopyranoside (by
reductive ozonolysis of the allyl glycoside) which was coupled to
chitosan to give a high viscosity product. A further product
from alteration of the aglycone is 0-B-D-xylopyranosyl-L-serylglycyl
-L-isoleucine-glycine which was made from an N-protected 0-B-D-xylo-
pyranosyl-L-serine.

Transglycosylation using a B-galactosidase from Aspergillus
oryzae from phenyl B-glycosides gave B-glycosldes of racemic a-
phenylethanol and related glycols. The dlastereomers produced were

separable by chromatographic me‘chods.‘50

1.2 Synthesis of Disaccharides and Thelr Derivatives.- Reference 1s

made to the synthesis of disaccharides from thioglycosides in
Section 2 of this Chapter. In the area of non-reducing di-
saccharides, a set of sucrose derivatlives have been prepared by
enzymic methods as follows: 1) 1l'-azido-1l'-deoxysucrose from 1-
azido-1-deoxy-D-fructose and UDPG with a sucrose synthetase, 1i)
6'-deoxy-6'-fluorosucrose and 6'-deoxysucrose from 6-modified D-
glucoses and UDPG with glucose isomerase and sucrose synthetése, and
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i11) 4'-deoxy-U'-fluorosucrose from 4-deoxy-U4-fluoroglucose with
kinase, followed by isomerase and phosphatase to give 4-deoxy-i-

fluoro-D-fructose, which was treated wlth sucrose synthetase. The
binding of the modlified sucroses to a sucrose carrier protein was
investigated.51

The anomeric geometries of 6-g—methanesu1phonyl—2,3,M-tri—g—
methyl-a-D-glucopyranosyl 6-0-methanesulphonyl-2,3,4-tri-0-methyl-
a-D-glucopyranoside and its B,B-anomer were compared with data for
13 analogous non-reducing disaccharides in a paper reporting the

52 Trehalase has

X-ray structures of these two named compounds.
been found to catalyse the condensation between B-D-glucopyranosyl
fluoride and a-D-xylopyranose to give the a,a-linked compound (13).
a-D-Glucopyranosyl fluoride underwent simple hydrolysis.53

CH20H O
0
OH OH (13)
HO o~ 0 H
OH

Aminosugar-containing non-reducing disaccharides have been pro-
duced from unsaturated and epoxy-containing precursors as indicated
in Schemes 254 and 3.55

CHy0Ac CHy OAc CH,0Ac
o [o)
_t NHTs HO
AcO\ — AcO
AcQCH, T AOCH,
(o] o]
CHROH ik
AcO\—/ 0 AcO \ — [o]
HO
HOCHa
OH HO
HO (o]
Reagente: i, 0804 - Chtoramine T, id, 0Oy ; i, Na-NHz (1)

Scheme 2

Reducing disaccharides are now treated according to the non-
reducing moiety. Tetra-0-acetyl-B8-D-glucopyranosyl fluoride with
titanium tetrafluoride affords mainly B-linked products when con-
densed with, e.g., 1,2:3,4-di-0-isopropylidene-a-D~galactose. The
benzylated analogue gives mainly B-products in acetonitrile, but
a-anomers in ether. Various other glycosyl fluorides were also
studied in disaccharide synthesis.56 (See also ref.20). Glucosyl-
-ation of methyl 4,6-0-benzylidene-a- and -B-D-glucopyranoside with
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~ q CHaOH
0 W M 0Bz Ny
0 ik
Ph P OH B R e,
N Na T
0 NI 3 0

° : OH \: ot
(25% 3 magor

CH,OH

o7f

Reagents: i, Ny ; i, TF,0;iii, NaOBz

Scheme 3
tetra-0-benzyl-o-D-glucopyranosyl bromide gave a-products linked
through 0-2 and 0-3 in the ratio 1:1.6 for the a-glycoside and 1:1.1

for the B—anomer.57

Reaction between acetylated 1,2-0-cyanoethyl-
idene derivatives of 6-0-methyl and 6-deoxy-a-D-glucopyranose and
3-0-trityl- and 4-0-trityl-D-glucose tetracetates in the presence of
catalytic trityl perchlorate gave mixtures of the 3- and 4-linked
compounds, respectively, with unexpectedly high proportions of a-
bonded disagcharides. In the case of 3-0-trityl-a-D-glucopyranose
tetraacetate the a-{laminaribiose) and B-(nigerose) linked products
were obtained in the ratio 64:36 (77% yield), and the isomeric B~
starting material gave analogous disaccharides in the ratio 54:“6.5
The properties and some uses of dodecyl B-maltoside which has a
meso phase identical to that of the corresponding glucoside have
been discussed.59 Studles of the coupling of substituted a-D-
glucopyranosyl and -galactopyranosyl bromides with 3-0-acetyl-1,6-
anhydro-2-azido-2-deoxy-B-D-glucopyranose in the presence of
insoluble silver salts indicate that the galactosyl bromides lead to
higher proportions of B-disaccharides. 4-0-Acyl groups in the
glycosylation reagents also increases B,a-ratios relative to N—g—
alkyl groups, whereas 3- and 6-0-acyl functions reduce this ratio.so
The 8-methoxycarbonyl glycoside of 4-0-(3,6-di-0-methyl-g-D-gluco-
pyranosyl)-2,3-di-0-methyl-a-L-rhamnose has been prepared using the
Koenigs Knorr and Helferich methods, and a related compound has been
bound to bovine serum albumin for serological studies.61 In
related work the following methyl ethers of U4-0-B-D-glucopyranosyl-
L-rhamnose were synthesized as precursors of trisaccharide units of
phenolic glycolipid antigens of Mycobacterium leprae: 2,3,3',6-
tetramethyl, 2,3,6'-trimethyl, 2,3—dimethyl.62 The 1,6-a-linked
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glycoside (14) has been synthesized by use of the B-l-thioglycoside

CH;0Bn  O-CH, )" R?
0 ° (14) OBn  Br (B-anomer)
2
B Obn 20 OR OMe (15) NHAc  Me (x-anomer)
OBn R!

and dimethyl(methylthio)sulphonium triflate63 and the amino-compound

(15) by DCC activation of 2,3,h,6-tetrabenzyl—D—g1ucose.uo
2-0-a-D-Galactopyranosyl-L-rhamnose and 2-0-a-D-galactopyranosyl-

D-mannose have been synthesized,su and the disaccharide (16), a

synthon for H, A and B-type I blood group oligosaccharides, has

been prepared by selective glycosylation of benzyl 2-acetamido-6-0-

o] CH,0Bn CHy0AC CH,08z
=< Aco }—0 BZV——O a
OAc 9 . NHCO,CH,
OcHaCH 82 2 .
OH  Si_  NHAc OAc NHAc Gl
(16) )

benzyl-2-deoxy-a-D-glucopyranoside. 5 In related work the di-
saccharide derivative (17) has been used in glycopeptide synthesis.
The N- and C-aminoacid termini can be released selectively to
produce peptides carrying B8-D-Galp-(1+3)-a-D-GalpNAc units.66

In the area of 1+4 linked compounds, the 3-0-methyl, 3-C-methyl
and 3-deoxy derivatives of methyl 4-0-a-D-galactopyranosyl-8-D-
galactopyranoside have been made by glycosylation of methyl 6-0-
benzyl derivatives prepared from the corresponding 4,6-0-benzylidene

acetals.67

Acetobromogalactose and benzyl 2-acetamido-6-0-benzyl-
2-deoxy-a-D-glucopyranoside gave 49% of the 1+4, B-linked di-
saccharide and 7% of the 1+3 linked analogue.

Condensation between tetra-0-acetyl-B-D-galactofuranosyl chlorilde
and allyl 2,3,6-tri-0-benzyl-B-D-galactofuranoside gave access to
5-0-B-D-galactofuranosyl-D-galactofuranose, the carbohydrate molety

of the helminthosporoside from Helminthosporium sacchari.

2,3-Epoxypropyl 0-B-D-galactopyranosyl-{(1+6)-B-D-galacto-

pyranoside has been prepared as a potential affinity label for 1,6-
linked-B-D-galactopyranan-binding monoclonal antibodies.70
Methyl 2-0-, 3-0-, and -4-D-a-D-mannopyranosyl-a-D-mannopyranoside

7 and

and related compounds have been prepared by enzymic methods,
8-methoxycarbonyloctyl 2-0-a-D-mannopyranosyl-a-D-mannopyranoside
and related substances by use of tri-QO-acetyl-1,2-0-(l-methoxy-

ethylidene)-B—D-mannopyranose.72

2-0-(3-0-Carbamoyl~a~D-manno-
pyranosyl)-L-gulose, the carbohydrate moiety of bleomycin, has been

made by use of 2,4,6-tri-0-acetyl-3-0-carbamoyl-a-D-mannopyranosyl
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chloride and 1,6-di-0-acetyl-3,4-di-0-benzyl-B-L-gulose; several
related compounds were also obtained including 1,6-di-0-acetyl-3,4-
di-0-benzyl-2-0-(2,3,4,6-tetra-0-acetyl-o-D-mannopyranosyl)-L-gulose,

which 1s a precursor for decarbamoyl bleomycin.73

T4 and 6-75 D-manno-

Reports on the synthesis of methyl 3-0-a-
pyranosyl-oa-D-mannopyranoside have appeared, the former also
describing p-nitrophenyl and allyl analogues. Unusually, a
glycosyl bromide incorporating a protected phosphate ester (18) has

CHL0P(0)(OPh),
0

OAc AcO
AcQ Br

(18)

been used to obtain 1,3- and 1,6-linked D-mannopyranosyl di-
saccharide 6—phosphates.76 p-Chlorophenyl and p-nitrophenyl 6-0-8-
D-mannopyranosyl-8-D-mannopyranocside and the B-1,2-linked isomers
have been 1solated as by-products from the hydrolysis of the
corresponding aryl B8-D-mannosides with B-mannosidase from gulnea
pig 1iver.77

A procedure for obtaining methyl 2-0- and 3-0-o-D-talopyranosyl-
a-D-mannopyranoside from derivatives of the dimannose analogues 1is
1llustrated in Scheme 4.78

A highly novel and potentially very useful approach to 2-deoxy-
sugar disaccharides depends on compound (19), the preparation and

application of which are illustrated in Scheme 5. Steric control
CHa0SiPh,Bu®  CHy0BR CHy0H CHoOH
(o} o] o HO 0 [¢]
OH HO 0B O - K oHHo OH 0
HO BnO OMe HO OMe

Reagents: i, Me,C(OMe),- HY ik, PCC ; W, NaBHg ; iv, Buy NF ; v, HY ; vi, Hy-Pa/C

Scheme 4
CHZOS‘,PhZBu" cugosmhzsu CH;.
0!‘1: HO O
+SLO
SPh Ac

(19)
Reagents: i, Et,NSFy ; ib,8nCL, ; iii, Ni
Scheme 5
was possible by cholice of solvent, ether at —15°C affording the B8-
linked product in high yield, dichloromethane at the same temperature
giving the o-analogue in high yield.79 The specific 2-deoxy
disaccharide peptide (20), which is a part of a bacterial cell wall

peptidoglycan, has been reported.go
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Methyl 2-0-oa-L-rhamnopyranosyl-oa-L-rhamnopyranoside, and the L-
lyxo- and -L-mannopyranosyl analogues have been prepared,81 and
glycosylation of 1,2-0-cyancethylidene-B-L-rhamnopyranose gave the
a-1l,4- and a~1,3-linked 0-o-L-rhamnopyranosyl-1,2-0-~cyanoethylidene-
B-L-rhamnopyranoses in 41 and 20% yileld, respectively, together with
a small proportion of the disubstituted product.82 Standard

methods have been used to obtain 3-0-a-L-rhamnopyranosyl-f-L-arabino

-pyranoside and S—Qfa-L-rhamnopyranosyl-B-L-arabinofuranoside.83

CHpOH CH,0H Me Me

0 0 HO O - HO O OTer 0 HO }—0_ 0+

o ﬂ oH OH Me OH oH o )

HO \ 0 HO
NHAc OH OH ]
MeCHCO-L-Ala-D-Glu-NH,
(22)
(20) (21)

Thermal degradation of the L-rhamnose-containing disaccharide unit
(21) in a triterpenoid glycoside gives the same products of sugar-
aglycone and sugar-sugar bond cleavage as would be produced by
acidic hydrolysis.

Disaccharides having 2,6-dideoxyhexose units at the non-reducing
termini are important because of thelr occurrence in antibiotics.
The disaccharide unit (22) of mithramycin has been shown by Koenigs
Knorr synthesis and 2D-n.m.r. analysis to be the B-1,3-linked com-
pound.85 During this work the 1,4-linked isomers were also pro-
duced and the analogue (23), the terminal disaccharide of the

COgoMe 0 COyMe 0 Me Me
0 Q ‘ 0 0 0 0
3
oac )+ foen ) T fOA oen ) ——* (OH OH O
AcO HO AcO o} HO o
1

Reagent: i, NIS @3
Scheme 6
6.86

).87

orthosomycins, has been prepared as 1lndicated in Scheme The

controlled degradation of avermectin Bla gave compound (24

HO 0o 0 0 o] o}
Me Me OH Me Me OH
HO o]

OMe OMe OH NMe,
(24) (25)
The L-sugar disaccharide (25), found in the anthracycline

musettamycin, has been synthesized, and a related D-compound, the
AB disaccharide unit of olivomycin A, has been obtained as outlined
in Scheme 7.89

N-Acetylneuraminic acid has been glycosidically linked to 0-6 of
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A 0 A0
Oj/\ - C: ”“Qsph i w
TX Me

Me

CHO 0. +COsEt
o 2
A+ /\/B\
r—o 0~ W COzEL
Me
Reagents: i,(-T8°C) jii, BnBr-NaH;iii, H' ;iv,03 j v, MEOH-H*} vi, Ac,0- Py ; vis, Ha-Pal/C ; vii, NBS
Scheme 7
90

methyl B-D-galactopyranoside, 0-5 of 2,3-0-isopropylidene-D-

ribono-y-lactone and 0-5' of 2,3-0-isopropylidene-D-ribofuranosyl

91

nucleosides. In general a,B-mixed products were obtained. An

ingenious method of making a-glycosides is illustrated in Scheme 8;92

CL
—7‘“ 2
HO "‘““’ HO
7 CoMe ¢
OAc /u\ f\
2 . o ) PhO 0 A%
eagents: L, NBS-H,0;u DBU ; iii, TiCly ; iv, ROH-AGOTF
v, PROCSCL ; ¥, Bug SnH 3 OR
Scheme 8

the paper described various disaccharide derivatives while in a
preceding paper compound (26) and its 9-bonded isomer ’are noted as

having been prepared by this method.93
OMe.

CH20Ac

0]
AcHN o 0—CH,
70 0 coz8n Q
OAc OAc Hz03P O
(26) (27) R=C,;0-Cy or C,,‘-O-CQb.Pu.ds

The tetraacetyl-3-deoxy-D-manno-2-octulosonic acid (KDO)-D-
glucosamines (27), which are analogues of 1lipid A, have been
synthesized and shown to have mitogenic activity like that of lipid
a9

Compound (28) is a key glycosylating reagent for making di-
saccharides having 2-amino-2-deoxy-D-glucose at the non-reducing end;

CHzoAt_
o

OAc
AcD o (28)

N== Me
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a new method of preparing it starts with the peracetate which 1s
treated with trimethylsilyl triflate.95 A range of such di-
saccharides (or precursors) have been reported, several having
modified 2-amino-2-deoxy-D-glucose units at the reducing ends also.
These include compounds (29),96 (30),97 (31) and (32),98 (33),80

(34)99 and (35), which is an intermediate for 1lipid A synthesis.loo
CHQOAC (0] CHzoAC Me CHZON- CH2°B”
Q
OA:_ N——fl
Ns
0) ReMeO{ pco 31
(29) CHyOAc  CHyOAC (3 ) © @ CHa0M chpon B0
[¢] O, 0] o]
OAc o) OH 0 OH
AcO [o} OBn HO 0
NHAC NHAc NHAc NHAc
MeCHCO,Me MeCHCO- L-Ala.- D- Glu-NHy
CHR0H (32) (3®»
0 CHZOH 0~CHy
OH 0. 0CHyCH=CH,
HO
NHAC NHAc R= CClyCMe,CO-
McCHCO C-Ala

D_ém_NHa NHCOCHch NHR
(34) (35)

Other glucosamine-based compounds to have been described are:
G—Q—(2—deoxy—E—N_-octanoylamino-B-D—glucopyranosy1)—D—galactose,lo1
1-0-acetyl-2-0-(3-0-acetyl-4,6-di-0-benzoyl-2-deoxy-2-phthalimido-g-

D—glucopyranosyl)—B,u-di—gfbenzoy1-&-L—rhamnopyranose,102 and 4-0-

(2—acetamido—2—deoxy-a—D-glucopyranosyl)—D-ribi’col.103
Disaccharides with amino-sugar non-reducling termini other than

D-glucosamine to have been reported are: U-gf(Z—azido—E—deoxy—D-

104

xylopyranosyl)-2-azido-2-deoxy~D-xylopyranose and phenyl 2-0-

(3-amino-2,3,6-trideoxy~a-L-arabino-hexopyranosyl)-g-D-gluco-
pyranoside.105
130 N.m.r. spectroscopy has been used to confirm the structures
of the aldobiouronic acids 2-0-B-D-glucopyranosylurono-D-mannose and
6—g—B—D—glucopyranosylurono—D—galactose.106

Pentose derivatives to have been reported are p-nitrophenyl

6-0-a- and 6—9—B-D—xylopyranosyl—B—D-glucopyranoside,107 methyl R-D-
xylobioside (a 2D n.m.r. study),108 and six of the eight possible
methyl 3- or 4-0-a- or B-L-arabinopyranosyl-a- or f-L-arabino-

pyr‘anosides.lo9
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1.3 0-Glycosides Isolated from Natural Products.- As always, only

compounds having notable features in the carbohydrate portions are
noted.

The paulomycins A and B have been shown to be (36) and (37),
l.e., to contain a D-allose and a branched-chain sugar within their

COoH
o] NHy
CHy0Ac
0 CHOH
0 HO H 0
MeC=¢IL_ °“2°“ °“2°g o -
Me M Ncs © g e
RCH, CHCO,CH o O OH N
Me OH
HO (3¢) R=Me oH NHAc OH NHAc
OMe @7 R=H (38)
structures. Structural elucidation depended on an X-ray analysis

of a derivative of the former from which the unsaturated ester

110 1he insect chitinase inhibitor
111

group had been cleaved.
allosamidin (38) has been isolated from a Streptomyces.
Another Streptomyces metabolite, the antifungal notonesomysin A,

is a macrocyclic lactone carrying the unusual side chain (39).112

HO
e~ J—o CH,080,H

o 2 3
\0 <:_(>/o @coz H

(39) HO  OH  (40)

A further set of aromatic glycosides to have been encountered (from
the honey locust), and synthesized, are 6-sulphates of D-glucosides
or D-allosides, e.g., (40) . 113

Rhizolotine (41), an unusual nucleoside analogue, has been

isolated from root nodules of Iotus tenius inoculated with

Rhizobium loti, and characterized by X-ray crystallography 114
o 5
CHZ H 0,0 HOCH
( ; ‘t/ HO:Qj’/O:Q\
OH (41) OH (42
The novel disaccharide anhydride wilforibiose (42) has been
i1solated from the acidic hydrolysate of a plant glycoside. The

structure previously reported (Vol.18, Chapter 12, ref. 2) has been
corrected on the basis of the X-ray analyslis of the o-tetra-
acetate.115

S. African plant toxins have been found to have the novel
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117

glycosidic structures (u3)115 and (414). Several related com-

MeO
(o]
0o
(43) (44)

pounds were also characterized; 1n some cases the carbohydrate

carbon-2 of (43) was present as a ketone function.

1.4 Hydrolysis and Other Reactions and Features.- A linear relation-

ship exlsts between bond lengths and ease of hydrolysis for a wilde
range of unsymmetrical acetals, including aryl a-D-glucosides (the
C-1-0-~1 bond in these cases).118

By use of labels at C-1 (°H and 13¢), c-2 (°H), C-5 and the
leaving group (2H and l80), kinetic isotope effects have been
measured for the perchloric acid catalysed hydrolysis of methyl o-
and B-D-glucopyranoside, and these and other studies were used to
describe unimolecular transition states in a thorough and detailed

119 The hydrolysis of celloblose as a model forcellulose

analysis.
has been examined in the region 160-250°C and in the pH range 2-7.

Conventional acld catalysis occurs at pH 2-3, but hydrothermolysis,
l.e., hydrolysis which takes place in the absence of added mineral

acld following the formation of degradation acids, occurs above

pH 3.2.120

catalysed hydrolysis of melibiose.

A report has appeared on the kinetics of oxalic acid-
121 2~Trimethylsilylethyl
glycosides give 1,2~trans-related glycosyl acetates on treatment
with acetic anhydride and boron trifluoride, and hydrolyse to the
free sugars with the latter reagent alone.122

An examination of the mechanism of anomerization of the methyl
glucopyranosides in DMSO/perdeuteriomethanol catalysed by 2HESOQ
showed that the reaction was zero order in methanol but that it
depended on the presence of the alcohol. It was reasoned that the
solvent played a dominant role and that important transition state
interactions occur between the substrate and the solvent cage
molecules.123

Ring expansion occurs specifically when the amino-sugar

furanosides (45) are exposed to strong acid ion exchange resin in

water (Scheme 9). The method assists in a syntheslis of the 8-
pyranosides. The a-anomers are obtainable in 70% yield from them by
124

use of boron trifluoride catalysis.
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0._OR CH,0H CHoOH
OH HO /—OH g HO O or
> OK o — oH
OH NHAc ®
CH,0H N“"Me NHAC
(45) "
Scheme 9

The kinetics of alkaline degradation of methyl B-D-xylopyranoside
and several oligosaccharide methyl glycosides based on wood xylans
have been examined as models for the processes occurring in the
alkaline treatment of wood pulp.125 Alcohols contalning a trace of
water and dissolving metallic sodium or potassium can cause separate
cleavage of all of the glycosidic bonds of saponins, e.g., (us).126

B-D-Gle-6-0-8-D- Gi_s,-o - triterpenoid

L- Rf:a (46)

Two very different studles depended to a degree on theoretical
methods. Consistent free field calculations for methyl 2-deoxy-B-
D-erythrofuranoside led to a conformational model consistent with

that measured by n.m.r. methods.127

Secondly, computer simulation
has been used to modify the mechanism of the formations of the
glycosides during the methanolysis of D-galactose. Various rate
constants, equilibrium constants and activation energies were
assigned.128
The selective deuteration of methyl pyranosides and furanosides
over Raney nickel in DZO has shown that exchange rates are not
highly regioselective, but conditions were found for the selective
labelling of methyl B-D-fructopyranoside at C-5, methyl B-D-fructo-
furanoside at C-3 and methyl Rf-D-galactopyranoside at C-3 and
C—U.lzg The behaviliour of sucrose under similar conditions has been
examined using lH and 2H n.m.r. methods. The samples studied by
the latter method were examined in potassium laurate liquid crystal,
the signals were assigned and the quadrupole splittings for each
position were used to deduce conformational data.l30
Further studies on sucrose (and starch) involved the determination
of the water uptake as a function of humidity by a modified
"inverse frontal g.c." method.131
Chain extended sucroses involving C-methylation at C-6 and at C-1
by oxidation and Grignard methylation have been reported.l32
Diene (47) displays notable diastereofacial discrimination in
Diels-Alder reactions which has been ascribed to a reacting con-

formation determined by the exo-anomeric effect on the basis of an
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X-ray structure and n.O.e. nmr studies.133
CH,0AC CHp0AC
0 o \ / 0 p—D-GLc—f—S—CHz
Ohc —\—( Ohe 0,¢(CH2),Me
AcO OTMS  AcO O sph CHp0,C(CH2) 14 Me
OAc O’ng
(#7) (49) (49

2 S-Glycosides

A review has appeared on the synthesils and applications 1n synthetic
carbohydrate chemistry of l-thioglycosides (in Polish),13u and the
same authors have developed a phase transfer catalysed preparation
of l1-thioglycosides from glycosyl bromides. Tetra-0-acetyl-g-
glucopyranosyl chloride, under these conditions, with thiophenol
gave the mixed orthothiocesters (148).135
reported for the thloglycosides (149)136 and (50),137 the analogous
neuraminic acid glycosides (51),138 and disaccharide (52) and

Syntheses have been

related compounds.139
8-D-Gle-p-§=CHaCH CH{OH)CH=CH(CH2) ) Me “CHy
NHCO(CHz) g Me (52)r= °
(50 OH
HO OMe
OH

(51) R= hr_xgl., clnckx.sl,.
octodecyt
Dimethyl(methylthio)sulphonium triflate activates thioglycosides

as glycosyl donors and permits the synthesis of B8-1,2-, 1,3-, 1,4~
and 1,6-1linked disaccharides in high yield.luo
of this reaction are noted earlier in this Chapter. A very

Several examples

interesting alternative approach to the same objective uses
copper(II) bromide as activating reagent in the presence of tetra-
butyl ammonium bromide in nitromethane or 1,2-dichloromethane.
Yields in excess of 80% are obtained using secondary carbohydrate
alcohols and 1,2-o- and B-linked products were described.l?

3 C-Glycosides

3.1 Pyranoid Compounds.- The use of glycosyl fluorides 1n the

synthesis of C-glycosides has been covered in a review on
fluorinated car'bohydrates,l9
glycoside synthesis from 1-1ithio derivatives and from glycosyl

phenylsulphones has appeared in the form of a published lectur'e.llJl

and the work of Sinay's group on C-
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Extensions of this work have appeared (Scheme 10)..”2 Related work

CH0R CHaOR 50 Ph CH,08n
0 . o L 2 0 sph
BN [N 3 eiju
OR OR Bn
RN/ (./)— A\ ¢ / R‘)’S"B% B\l
R = SiBu'Me, £ AL, Me, COMH 0Bn
R = SLBufMe, or Bn
Reagents: i, Buti (-18%0%); i, E* ;iii, MCPBA ; i, BuySnH
Scheme 10
has led to the methyl B-C-glycoside (53) and related compounds
(Scheme 11). 143
CHzO CHZOB" CHaoﬁn
O Me
B v,vi w. Vil
Ao OBn/1 SnBuy ——> /l OBn
Rete Bn0
(53q) R=SiButMe, R= Me, PRCH(OH)- , OH
<CH(OH) (53
Reagents: i, BuFOK-Buli ; ik, BuySnCl ik, BugNF ; i, BnBr-ku; 0
v, Buli ; vi, Mel, oy PRCHO, ox 6-aldehydo-sugas oBn
vid, BZHL 5 Vi, HyQ,~NaOH BnO OMe
Scheme 11 Bn

Nicolaou et al. have used the glycal triether (53a) in related
manner and have developed routes to unsaturated "glycosides”
carrying geminal carbon substituents at the anomeric centre

(Scheme 12).luu Details have been given for the palladium
diacetate induced preparation of C-glycosides from glycals. The
CHZOR CHzoAc CH,O0Ac
o &'
OR OAc// R 2
AcO R?
= SiButMe, R= All.or Me R? = Me, Et,CN, Al or CECMe

Reagents: ¢, Buki-Cal- Al.Br or Me ;i) BuyNF ; i, AcO-Py; iv, ALMey-TeCly or EtyAL, or TMS-R™
Scheme 12

reaction occurs by an addition-elimination process and requires a
good leaving group at C-3; the absence of such a group leads to
hydride elimination and palladium-contalining products. Furanoid
and pyranoid glycal derivatives were examined.l 5

A set of C-glycosides have been made from a trichloroacetimidate
(Scheme 13). 146 Acetobromoglucose with acrylonitrile or methyl
vinyl ketone in the presence of vitamin B,, gives the adducts (54)
and (55) together with tri-0-acetyl-D-glucal. k7

Benzylated glycosyl fluorides react with trimethylsilyl cyanide
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Reogente: L, CHyx C(R)OTMS; Zncly ; i, {)-0TMs - Zntly;
WL, TMS-AlL.- Zncly § iv, TMS-CN = TMS OTF

Scheme 13
and boron trifluoride to give initially the isonitriles which then
rearrange to the glycosyl cyanides. While the B-D-ribofuranosyl
compound gave both cyanldes, the a-D-glucopyranosyl cyanide was

CHo0Ae
(54) R = CHyCHaCN
OAc
AcO R (55) R=CHyCHaCOMe ;
OAc (56 0 Ne®

obtained in 85% yileld. With allyltrimethylsilane and the same
catalyst the 8-allyl C-riboside was obtained in 93% yield, and the
a- and B~allyl C-glucosides in 72 and 22% yields, respectively 148
(c.f. K.C. Nicolaou et al., Vol.18, p.31). Reduction of l-bromo-B-~
D-glucopyranosyl cyanide tetra-acetate with zinc-acetic acid or
sodium borohydride gave both glycosyl cyanides with the a-pre-
dominating; tributyltin hydride gave the B-isomer - again with low
selectivity.1u9 Acetylated glycosyl cyanides have been converted,
via the glycosyl carboxylates, into the corresponding diazomethyl
ketones, which are useful as affinity labels.lBO
Other syntheses include C-B-D-glycopyranosylmethylamines derived
from lactose, cellobiose and maltose, produced by ferrous hydroxide
reduction of the previously reported glycosylnitromethanes (Vol.16,
p.42, ref.186),151 C-glycosylbarbiturates, e.g., (56), produced by
reaction of free sugars in aqueous solution with barbituric acids,
and the C-linked disaccharide (57) synthesized by a novel radical

addition reaction (Scheme lM).lS3

152

CH,0Ac CH,OAe
0

o Y - I 0 S
N+ 0o 25 o b,
OAc V
AcC Br HO AcO AcO
OAc OH CHy QAc
CH3

Reagents: i, BuySnH -AIBN jii, Acs0-Py;iii, No. HAL(OEEYOCHCHa OMe)
Scheme 14

0 0Ac
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C-Glycosides of anthracyclines have been made by improved
procedures (Scheme 15),1514 and compounds (58) and (59) have been

] o] 0 CH
= OH ¢ #0H
+ +
e u
0 CHy o 0 O oM Cu Eluz
Me Me. A
HO Y HO
NHCOCF,
Scheme 15 NHa O
isolated from natural sources. The former is the first C-

) o
155

glucoside of a lignan to have been found, and the latter 1s a

microbiological antibiotic.15®

3.2 Furanold Compounds.- N.O.e. experiments have shown that the

anomeric configuration of C-furanosides can be determined by this
method. 157

Both anomers of tri-0-benzyl-D-ribofuranosyl fluoride with 2-
trimethylsilyloxypropene and boron triflucride gave a very high

yield of the acetone compound (60),158 and both anomers of the
CH,0Bn BEMeSLOCH,
I} 0o AW
CH,COMe
Obn OBn [¢] (o}
(690) ~< (e1)

corresponding ribofuranosyl acetate with allyltrimethylsilane and
zinc bromide afforded the B-allyl compound (61) under all con-
ditions. Anomeric ratios were high (16:1) in nitromethane,

159 A new set

whereas in less polar solvents they were about 2:1.
of thermotropic liquid crystals are based on the reactions indi-
cated in Scheme 16.160

The aryl glycosides (62) have been obtained using arylmagnesium

161

bromides with acylated pentofuranosyl halides. Intramolecular

reaction of substituted-benzylated glycosyl acetates in presence of
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0. CHOTs . 0. CH2R R=CoeCo &
/§ Hof — J e HO R Bl
OH
o\/\ CHp0H
Reagents: i, NaOMe ; i, HCECR'-Buli ;iii, HY ; v, Ha-PafC
Scheme 16

0 R
R = mono- or di- substituents

(62)

stannic chloride led to the C-glycoside (63) and a 1,l-diarylalditol
(64) (Scheme 17). 162 Appropriately substituted D-ribofuranose

CH,OCH, Ar 1 (63)
0. OAc

1
2

ArCH,0 OCH AT

Ars C6H4 m-Me

.‘\r = C Ham-OMe

Reagent : i, SnCly
Scheme |7 (e4)

derivatives with [chloro(alkoxycarbonyl)methyleneltriphenylphos-
phorane gave the C-p-D-furanosyl glycosides which were used 1n the
synthesis of C-nucleosides, e.g., showdomycin.l63 Other papers
report the heterocyclic C-glycosides (65)1 and (66),165 and the

furanose ring analogues (67),166 (68)167 and (69).%

NHz wNH2 ELOL Ph
| CH OH S
3. N \ 2 I "~ OH
Z
h ) HOCHZ
8 -D-Rib B—D-Rub-f
(65) (66)

(67) (bs) 050 (69)
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4

Oligosaccharides

1l General

As before, this Chapter deals with specific tri- and higher oligo-
saccharides; most references relate to their syntheses by specific
chemical methods. It does not deal with compounds made by the
oligomerization of monosaccharide derivatives, nor does it deal
with the cyclodextins. The synthesis of, e.g., pentasaccharides
is dealt with under that heading, and the required preparations of
constituent parts are assumed and are not covered in their
respective sections. Frequently, specific derivatives of the basic
compounds are involved and this fact 1s often not recorded in the
structural formulae used.

A review has been published on the total synthesis of bio-
logically active heparin fragments,l while a more general treatment
of the strategy for oligosaccharide synthesis has appeared as a
published lecture.2

rhe observation of negative n.0O.e. effects following irradiation
of inter-unit anomeric protons on the glycosylated carbon atom
signals of the adjacent units suggests a method for oligosaccharide
sequencing.3

Preferred conformations of some D-mannose and 2-acetamido-2-
deoxy-D-glucose-containing oligosaccharides related to the N-
glycosyl proteins which interact with concanavalin A have been
calculated by empirical potential energy methods.u

Compound (1) is a 3,6-di-0-glycosyl acceptor and a R-D-manno-

CHOAU
(o]

OH MsQ
BnO CL

O]
pyranosyl donor useful in the synthesis of the core parts of glyco-

proteins,5 and several protected L-rhamnopyranose derivatives have

been prepared for use 1n the synthesis of oligosaccharides related

43
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to the O-antlgenic polysaccharide of Shigella flexner1.6

2 Trisaccharides

2.1 Linear Homotrisaccharides.- 1- And 2-0-o-D-cellotriosyl-3-deoxy=-

2(R)- and -2(_S_)—glycerols7 and the corresponding disaccharide gly-
cosides8 have been synthesized to allow the determination of the
complete stereochemistry of rhynchosporoside, the host selective
phytotoxin of Rhynchosporium secalis. Maltotriose is effective as

a side-chain donor and acceptor and, in consequence, several
isomeric hexasaccharides are formed by use of an 1scamylase from
Pseudomonas. It also can be used to introduce branches into cyclo-
malto—oligosaccharides.9
Silver triflate-promoted Koenigs Knorr reactions have been used
in the preparation of the 8-(1 + 3), 8-(1 +4) and B-(1 » U4),
B-(1 » 3)-1inked D-glucopyranose trimers. 0
In the D-galactopyranose series, the B-(1 » 3)—11 and
g-(1 ~» 6)—12’13 1linked trimers have been reported. In both reports
on the latter compound higher oligomers were also described in
1llustrations of the use of 2,3,4-tri-0-acetyl-6-0-(bromoacetyl)-a-

D-galactopyranosyl chloride and bromide, respectively.

2.2 Linear Heterotrisaccharides.- A B-galactosidase of E. coli has

been used to transfer a B-D-galactopyranose unit to the primary
position of the D-glucose moiety of sucrose and thus give

14 and the corresponding trimer having a-D-galacto-

"isoraffinose",
pyranosyl uronic acid as the sucrose substituent has been made from
raffinose by use of D-galactose oxldase followed by hypolodite
oxidation of the resulting aldehyde. Mild acid-catalysed hydrolyses
then gave 0-D-GalpUA-(1 » 6)-D-Glec (meliblouronic acid).1®  Neo-
kestose, which has a B-D-fructofuranosyl group at 0-6 of the D-
glucose unit of sucrose, 1s produced by an enzyme of Penicillium
oxalicium by transfer of the fructosyl substituent from one sucrose
molecule to another.16

Reducing compounds of this class (and their derivatives) are now
dealt with first according to thelr reducing termini and then
according to the adjacent moieties.

0-a-D-Glep-(1 + 2)-0-a-D-Galp-(1 » 3)-a-D-Glep-OMe has been made
by use of methyl l1-thloglycoside glycosylating agents,17 and the
trimeric antigenic determinant of the capsular polysaccharide of

Klebsiella type 73, i.e., 0-8-GlcUAp-(1 -+ 3)-0-8-D-Galp-(1l + 4)-D-
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Glc, has also been synthesized.18

Lactose-based trisaccharides having N-acetylneuraminlc acld

linked a- and 8- to 0-6 of D-galactose have been reported,lg’20

20,21

as

have the analogues linked through 0-3 and other isomeric tri-

20

saccharides. A related compound having two neuraminic acid

units linked to glucose, 0-B-D-NeuAc-(2 + 8)-0-B-D-Neuhc-(2 + 6)-a-
D-Glcp-OMe, has also been produced.22
0-g-D-Galp-(1 + 6)-0-3-deoxy-3-fluoro-g-D-galactopyranosyl-

(1 + 6)-B-D-Galp-OMe has been synthesized using the glycosylating

reagent (2),23 and the D-mannose terminating trisaccharide B-D-

GlcNAc-(1 » 2)-a-D-Manp-(1 + 6)-B-D-Man has been obtained as the

8-methoxycarbonyloctyl glycoside.2“
CHyOCOCH,Br CHp0805 CH0505
Bz0 o o 0
- OH
F 050, OH
cL HO (o] o}

OBz NHSO; 080, NHSO05

® N

0-a-NeuAc-(2 + 6)-0--D-Galp-(1 + L4)-GlcNAc (6'-N-acetylneur-
aminyllactosamine) has been prepared by use of immobilized
enzymes;25 the same compound and the 3'-linked isomer have been
isolated from pregnancy urine.26 The binding of the related 0-o-
L-Fuep-(1 + 2)-0-B-D-Galp-(1 + 4)-B-D-GlcNAc-OMe by lectin I of
Ulex europaeus has been examined in a study of H-type 2 human blood
group determinant.27

Methyl o-L-iduronosiduronic acid 2-sulphate prefers the ICq con~
formation, but the acid, as part of the trisaccharide (3) and of
larger sections of the heparin molecule, adopts a considerably
distor;ed mean ring shape near the 280 skew-boat conformation.
These

-field calculation results.

H n.m.r.-based conclusions were compared with those of force
28 In related studies of heparin
sulphate catabolism by sulphatases, 0-a-D-GlcpNH,-(1 + 4)-0-a-L-
TdopUA-(1 “)—2,5—anhydro-D—[1-3H]mannitol has been synthesized.
Conventional synthetic methods have been used to obtain the
desialylated human Cad-antigenic determinant 0-B-D-GalpNAc-(1 + 4)-
0-8-D-Galp-(1 + 3)-D-GalpNAc,>C the synthetic precursor (4) of this
compound31 and the trisaccharide unit of the capsular polysaccharide

29

of Streptococcus pneumoniae Type 4, 0-B-D-ManpNAc~(1l + 3)-0-oa-L-
FucpNAc-(1 » 3)-D-GalNAc.S°

The aldotriouronic acid (5), a derivative of a component of 4-o0-
methyl-D-glucurono-D-xylans, and related branched trisaccharide and

associate aldobiouronic acid derivatives have been studiled by
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CH0Ac CH,0Bn CH,0Bn CO,Me
AcO o] 0 ¢} Bn% 0 0Bn 0, ¥ O.oMe
0Ac OH 0 OH OH OH
MeO HO (o]
N3 OBn N3 OH 0 fo}Y]
@ €y,

detailed nmr methods (including 2D).33 Other trisaccharide
syntheses reported include the fragment of Shigella flexneril 0-
specific polysaccharide, 0-o-D-Glep-(1 + 3)-0-o-L-Rhap-(1 + 3)-a-L-
RhapfoMe,gu the determinant of the enterobacterial common antigen,
0-B-D-ManpNAcUA-(1 + 4)-0-a-D-GlcpNAc-(1 + 3)-a-D-FucpNAc-
Q(CH2)8002M6,35 and the aminated trisaccharide (6), which is the

sugar unit of the anthracycline marcellomycin.36
o] o o]
Me Me Me OH
HO (o] (o}
oH OH NMe,  (6)

2.3 Branched Heterotrisaccharides.- Compounds of thils category to
have been reported are: 0-f-D-Galp-(1 + 4)-0-[a-L-Fucp-(1 + 3)J-D-
Gle, (3—f‘ucosy1—lactose),37 0-a-L-Fuep-(1 + 2)-0-[a-D-GalpNAc-

(1~ 3)]—B-D—Gal—OMe,38 0-o-L-Fucp-(1 + 2)-0-la-D-Galp-(1 + 3)1-B-D-
Galp-OMe (antibody binding s‘cudies),39 0-o-L-Fuep-(1 + 2)-0-[a-D-
Galp-(1 » 3)1-1,6-anhydro-8-D-Galp, ° 0-a-Fucp-(1 » 3)-0-[B-D-Galp-
(1~ H)]—u—D—GlcENAc-OPOBH,ul 0-a-D-Fucp-(1 » 4)-0~[B-D-Galp-

(1 ~ 3)1-D-GlcNAc, "2 0~a-D-Glep-(1 » 3)-0-[B-D-ManpNAc—(1 + 4)I-L-
Rha"3 and 0-[3,6-d1-0-Me-B-D-Glep-(1 > 4)1-0-[2,3-d1-0-Me-a-L-Rhap-
(1 ~» 2)]—3—97Me—a—L—RhaQ—g—Pr.uu

3 Tetrasaccharides

As with the trisaccharides, the following tetrasaccharides are
classified according to whether they have linear or branched
structures, and then by the nature of the sugars at the reducing
termini.

3.1 Linear Tetrasaccharides.- The following compounds having D-
glucose at the reducing end have been reported: 0-B-D-Glcp-(1 + 6)
-0-8-D-Glep-(1 + 3)-0-B-D-Glep-(1 + 3)-D-Gle 45 ana 1ts three
possible (1 » 3)(1 » 4)(1 + 4)-1linked sequence tsomers .10 The
first of these 1s a possible repeating unit of the extracellular
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polysaccharide 'of the fungus Schizophyllum commune, while the others

are the tetrasaccharide units of the linear chains of lichenan and

cereal glycans. "Globoslde", the major glycosphingolipid of human

erythrocyte membrane, has structure (7), and "dihydroacarbose", a
cn20H cuzon CHyOH o CO(CHszMe

OH

NHAC

pseudo—tetrasaccharide with potent a—D—glucosldase inhibitor

characteristics, has been synthesized as indicated in Scheme l.u7

CHEOTy cHon+ CHZOBn 0
o
OBn
08n
CHonT CHQOBn
0
0&
OBn

Scheme 1

Reogent: i, NaBHyCN

Glucosamine-containing members of this set to have been reported
are: 0O-a-D-Manp-(1 + 6)-0-B-D-Manp-(1 -+ 4)-0-B-D-GlcpNAc-(1 + 4)-
D-GleNac'® ana 0-a-KDO-(2 + 4)-0-a-KDO-(2 + 6)-0-B-D-GlecpNH,~(1 » 6)
-D-GlcNHz,ughich is a fragment of the R-mutant of Salmonella

L-Rhamnose-containing compounds have received particular

minnesota.

attention in connection with bacterial polysaccharide studiles.
The following have been synthesized: 0-8-D-GlepNH,-(1 > 2)-0-a-L-
Rhap-(1 » 2)-0-a-L-Rhap-(1 » 3)-L-Rha,2°?5% 3-0-Me-0-8-L-Xylp-
(1 » 4)-0-a-L-Rhap—(1 + 4)-0-a-L-Rhap-(1+ 2)-L-Rha,>2 and 0-a-L-
Fucp-(1 + 4)-0-a-L-Fucp-(1 + 3)-0-a-L-Rhap-(1 + 2)-L-Rha, carrying
O0-methyl substituents at positions 2 and 3 of both fucose
residues.53
Units of the Malvaceae plant mucilage polysaccharides including
the tetrasaccharide 0-o-D-GalpA-(1 + 2)-0-a-L-Rhap-(1l + 4)-0-a-D-
GalpA-(1 » 2)-L-Rha-itol, and higher members contalning the central
disaccharide repeated 1-3 times, have been examined by 130 n.m.r.

spectroscopy.5u

3.2 Branched Tetrasaccharides.- The followlng compounds have been
described:
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1. D-Glucose reducing terminus: 0-f-D-Glep~(1 + 3)-0-B-D-Glcp-
(1 + 3)-0-[B-D-Glep-(1 + 6)]—D—Glc,u5 0-B-D-Glcp-(1 + 3)-0-[B-D-
Glep-(1 + 6)1-0-B-D-Glep~(1 ~+ 3)-D—G1c,“5 0-B-D-GlepNAe-(1 + 3)-0-
[B-D-GlcpNAc—(1 + 6)1-0-B-D-Galp-(1 + 4)-B-D-Glc-OMe,>> 0-B-D-Glcp-
GlepNAc-(1 + 3)-0-[B-D-GalpNAc-(1 + 4)]1-0-B-D-Galp-(1l + 4)-B-D-
G1e-0R°® and 0-a-D-NeupAc-(2 + 3)-0-[B-D-GalpNAc~-(1 + 4)]-0-B-D-
Galp-(1 + 4)-B-D-Glc-OR 5T (where R in the last two compounds 1s a
ceramide derivative and the compound a glycosphingolipid).

2. D-Mannose reducing terminus: 0-B-D-GlepNAc-(1 + 2)-0-a-D-
Manp-{(1 + 6)-0-[a-D-Manp-(1 + 3)]—B-D—Man214 and 0-B-D-GlcpNAc-
(1 » 6)-0-[B-D-GlepNAc-(1 + 2)]-0-a-D-ManpNAc-(1 + 6)—D--Man.58

3. D-Glucosamine reducing terminus: O-a-L-Fucp-(1 + 2)-0-B-D-
Galp-(1 » 3)-0-fa-L-Fucp-(1 + U)]—D-GlcNAc,59’60 0-a-L-Fuecp-(1 + 2)
-0-B-D-Galp-(1 + 4)-0-[a-L-Fuep-(1 + 3)1-D-GlcNAc”> and 0-B-D-
Galp-(1 + 4)-0-B-D-Glep-(1 + 6)-0-[B-D-Galp-(1 + 4)]-D-GleNAc.

61

4. D-Glucuronic acid reducing terminus: 0-B-D-Glcp-(1 + 2)-0-8-
D-Galp-(1 + 4)-0-[a-D-Galp-(1 + 2)1-8-D-G1cUA. %2

5. L-Rhamnose reducing terminus: 0-o-L-Rhap-(1 + 2)-0-{a-D-Glcp-
(1 + 3)1-0-a-L-Rhap-(1 + 3)-a-L-Rhap-OMe,>" 0-B-D-GlepNAc-(1 + 2)-
0-a-L-Rhap-(1 + 2)-0-[a-D-Glep-(1 + 3)]—a—L-RhaE-0Me,3u 0-a-D-Glep-
(1 + 3)-0-a-L-Rhap-(1 + 2)-0-[a-D-Glep-(1 + 3)]-a-L-Rhap-OMe®3 ana
0-a-D-Glep-(1 + 4)-0-a-D-Glep-(1 + 3)-0-[B-D-ManpNAc-(1 ~+ U4)]-L-
Rha, 3 all of them being bacterial polysaccharide components.

6. Pentose reducing terminus: the plant tetrasaccharides 0-B-D-
Xylp-(1 + 2)-0-8-D-Glep-(1 + 4)-0-[B-D-Glep-(1 + 2)]-a-L-Arap-0-
terpene” ' and 0-R-D-Xylp-(1 -+ 4)-0-[4-0-Me-a-D-GlepA-(1 + 2)J-0-B-
Xylp-(1 + 4)-D-Xy1.°?

4 Pentasaccharides

The antithrombin-binding heparin-like pentasaccharide glycoside (8)
has been synthesized, and the corresponding free sugar sulphated
at 0-6 of the reducing moilety has also been prepared 7 (c.f.,

Sinay et al., Carbohydr. Res., 1984, 130, 221 and an expanded
accountss). Glycoprotein work has led to the chemical/enzymic
synthesls of 0-a-D-Neu-Ac-(2 + 6)-0-8-D-Galp-(1 + 4)-0-B-D-GlcpNAc~




4: Oligosaccharides 49

CH,0505 CH20S03 CH,0H

Gy Ny

NHS03

(1 + 3)-0-B-D-Galp-{(1 + 4)-D-Glc and other closely related penta-
saccharidesgo and to the conformational analysis of 0-a-D-Manp-
(1 » 3)-0-[B-D-GlcpNAc~(1 + 4)]1-0-[a-D-Manp-(1 + 6)]-0-B-D-Manp-

(1 » 4)-D-GleNAc.%?

5 Hexasaccharides

Maltotriose is effective as a side-chain donor and acceptor in the
presence of a Pseudomonas lscamylase and gives a set of 6-gfa—ma1to—

9

triosyl maltotrioses,” and 1n other enzymic work a-D-glucopyranosyl

fluoride has been converted into approximately equal proportions of

70 A heterohexasaccharide to have been

o- and B-cyclodextrins.
synthesized 1s the Le® antigen 0-o~L-Fucp-(1 » 2)-0-8-D-Galp-(1 + 3)
-0-[o-L-Fucp-(1 -+ 4)3}-0~B-D-D-Glcp-NAc-(1 » 3)-0-B-D-Galp-(1 » 4)-B-

D-Glep-(1 + 1)-0-ceramide. t

6 Higher Saccharides

The following higher saccharides have been described: compound (9),
a heptasaccharide hapten;72 (10)73 and (11),7H octasaccharide parts
of glycolipids; and (12), an undecasaccharide component of glyco-

proteins.75

These were produced by chemical synthesis, apart from
the third which was obtained from spermatazoa of a bivalve and

characterized by 2D 1H nmr spectroscopy.
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(21)

duepy-q-0-(z « T)-o¥NdoTo-a-9-( « T)-dTeD~a-9-(9 <« g)-oydnaN-Q-»

T
¥

3

oyNdOTH-(f « T)

-oyNdoTH-A-9-(h « T)-dueR-a-9-(9 <« T)-dUel-g-0-(Z « T)~O¥YNOTD-A-9-(§ « T)-dred-d-9-(9 + 2)=-ovdneN-q-»

(to)

drix~a-¢ oyNdoTD~-A~g~9K-0~§

T
¥
4

1
¥ _
¢ a39~-0~-doTH-q

-g- (4 +« 1)-duen-a-g9-(f « T)-duen-a-9-(2 <« T)-oVNdoTH-d-9-(4 <« T)-dong-T-g-(f§ + T)-vndoTH-A-9-2H-0-}

(01)

(6)

oyNdoTD-a-9-(k
T

¥
€

0TH-a-(f « T)-dren-g-8-(£ <« T1)-ovNdoT1D-a-g-(f « T)-dT®D-0-9-(9

duzp-q-» oyNdoTH-d-9- (4
T T
' ‘v
9 2
19%058 (Cun yo-duen-d-9-(§ <« T)-duB-a-o-(f

“

1)-dres-a-¢

1)=-ovNdoTD-a-9-(f « T)-d1®H-a-¢

1)-d1eo-q-9

1)-ov¥NdoTH-a-9-(f « T)-d1en-a-9
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5

Ethers and Anhydro-sugars

1l Ethers

Methyl and Trifluoromethyl Ethers.- Echinoside A, an antifungal

triterpene tetrasaccharide isolated from a sea cucumber, has a 3-0-
methyl-g-D-glucopyranosyl moiety at the non-reducing terminus.1
Crossasteroside, a steroidal glycoside from the starfish Crossaster
papposus, has a 3-0-methyl-2-0-(4-0-methyl-B-D-xylopyranosyl)-B-D-
xylopyranosyl moiety.2

A mixture of 6-0-methyl-D-fructose and 6-0-methyl-L-sorbose has
been isolated in high yield on a 4-20 mmole scale from the
sequential enzyme catalyzed condensation of racemic 3-0-methyl-
glyceraldehyde and dihydroxyacetone phosphate [the latter being
generated in situ from fructose 1,6-diphosphate], followed by
cleavage of a phosphate ester in the product by acidic or enzymic
hydrolysis. 6-0-Methyl-L-sorbose was unaffected by glucose
isomerase, but 6-0-methyl-D-fructose was brought into a 40:60-
equilibrium with 6-0-methyl-D-glucose, which was isolated chromato-
graphically.3"4 Application of this methodology to the synthesis
of other sugars is covered in Chapter 12.

5-0-Methyl-D-galactofuranose was obtained 1n six steps from D-
galactono-1l,4-lactone via its 2,3,5-tri-0-acetyl-6-0-trityl deriva-
tive; detritylation with (5 + 6) acetyl migration was followed by
methylation (CH2N2—BF3.OEt2) and reduction (disiamylborane).5 3,6-
Di-0-methyl-glucose, required for the synthesis of mycobacterial
oligosaccharides, has been obtained from D-glucurono-6,3-lactone
via its 1,2-0-isopropylidene-5-0~(tetrahydropyran-2-yl) or -(1-
methoxyethyl)-derivatives, which were reduced (LiAlHu) and
methylated.6 2'-0-Methyl, 2'-0-benzyl, and 2',6'-di-0-methyl
ethers of lactose were obtained by alkylation of the two products
of isopropylidenation of lactose with acidiec 2,2-dimethoxypropane
(see Chapter 6).7

Various conditions have been investigated for the partial
methylation of methyl 2-deoxy-a- and B-D-threo-pentopyranosides,

53
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the mono-methyl ethers of the B- but not the a-anomer being chroma-
tographically separ'able.8 Mixtures containing all possible mono-
to tri-0-methyl ethers of methyl a-L-arabinopyranoside (using
Me,S0, - 30% NaOH)9 and methyl a-L-fucopyranoside (using MeI-Ag,0~
MeoH) 10 '
tography, the laC-n.m.r. spectra of the components belng reported.
Regloselective methylation (CHZNZ-SnCIE) of methyl a-L-fuco-
pyranoside has been studied as a function of solvent and reaction
time, the 3-mono- and 2,3-di-ethers, and to a lesser extent the
2,4-di-ether, being the major products; data for eight partially

methylated derivatives of methyl a- and B-L-fucopyranoside were
11

have been prepared and separated by preparative chroma-

given.
In the permethylation analysis of trehalose glycolipids such as
cord factor and 6-0-mycolyl-a,a-trehalose, various standard reagents
proved unsatisfactory due to ester cleavage, but the method of
Ciucanu and Kerek (Vol.18, p.50; powdered NaOH-MeI-DMSO) gave
excellent results, only lower acyl groups such as acetyl being
cleaved. 6,6'-Di-0-methyl-a,a-trehalose was obtained from the
2,3,4,2",3",4'-hexaacetate by use of methyl triflate - 2,6-di-tert-

butylpyridine as methylating reagent.l2

Trimethylsulphonium hydroxide in the presence of Mg2+ or Ca2+
ions has been used for selective 2'-0O-methylation of ribonucleosides
With limited success (see Chapter 20).13

De-0-methylation at 0-1 (in aqueous media) or at 0-3 (in
anhydrous media) of methylated 2-acetamido-2-deoxy-D-hexitol
moleties has been observed during the acid cleavage of permethylated
oligosaccharides containing such end groups; the problem was
studied using the corresponding glucitol, galactitol and mannitol
derivatives as models.lu

0-(Trifluoromethyl)ethers (1)-(3) have been obtained (in the

indicated yields) by displacement of trifluoromethanesulphonyloxy

CH,OCF, CHyOCF, ><o
0 0 o (0] 0
OBn 0 OCFS
8n0 OMe Q éO fo)
0Bn O’%T_ O’><’

(1) 6% (2) 52% (3 16%
groups using tris(dimethylamino)sulphonium trifluoromethoxide;
these were then conventionally deprotected to the trifluoromethyl
derivatives of the corresponding free sugars. Competitive
formation of the corresponding C-fluoro-derivatives (from the
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presence of F~ due to reagent breakdown) accounted for the rest of
the product. The 0-trifluoromethyl group 1s expected to confer
interesting biologlcal properties, since it is both more electron

withdrawing and more lipophilic than 0-methyl..?

Other Alkyl and Aryl Ethers.- Procedures for the selective removal

of allyl ether in the presence of allyloxycarbonyl ester protecting
groups, or vice versa, using palladium and iridium catalysts have
been published in full (cf. Vol.19, p.15).16 A reference to ester
migration during O-allylation is covered in Chapter 7.

The synthesis of 2'-0-benzyl-lactose has been reported.7 All
isomers of the monobenzyl and monotrityl ethers of tetra-O-acetyl-
4= and 13c-n.m.r.

spectra completely assigned, and the chemical shifts induced by
17

D-glucopyranose have been synthesized, their
such substltuents examined. 0-Benzyl groups can be replaced by
O0-acetyl groups by acetolysis (A020-Fe013), a process which shows
some selectivity. Thus benzyl ethers at 0-6, 0-3, and 0-2 of D-
glucopyranose derlvatives were replaced with relative rates of
125:24:1 respectively.18 0-Debenzylation in the presence of 2-
phenyl-1,3-dioxanes and 2-alky1-l,3—dioxoianes, but not 2-phenyl-
1,3-dioxolanes, has been effected by catalytic transfer hydrog-
enation over palladium-on-charcoal catalyst using hydrazine hydrate
as hydrogen donor.19 In the catalytic transfer hydrogenolysis
(Pd/C-MeZCHOH) of 1,6-anhydro-2,3,4-tri-0-benzyl-g-D-hexopyranoses,
the benzyl groups can act as hydrogen donors. Thus 1,6-anhydro-
3-0-benzoyl-B-D-galacto- and -manno-pyranose were obtained in 70 and
L4o% yield respectively, and 1,6-anhydro-2-0-benzoyl-B-D-gulopyranose
in 40% yield. A cis-vicinal arrangement of benzyloxy substituents
appears to be required, since no benzoates were obtained from the
glucose analogue.20 In a related fashion it has been found that
oxidative debenzylation (P4 cat. - EtOH, A) can be effected if a
second ligand, e.g., a methoxy-group, is avalilable to bind the
catalyst. While simple benzyl ethers do not react, l-benzyloxy-3-
methoxypropane and a methyl B—Q—benzyl—E,M—dideoxy—a—D—erzthro—
pyranoside derivative were debenzylated, an alkene in the latter

compound not being reduced.2oa

The preparation of per-0-benzylated
glycosyl fluorides is covered in Chapter 8.

Many examples of the selective deprotection of benzyl, 4-methoxy-
benzyl (MPM), and 3,4-dimethoxybenzyl (DMPM) protected hydroxy
groups have been detailed. Benzyl ethers but not MPM or DMPM

ethers are cleaved on hydrogenolysis (H2— Raney Ni), while DMPM
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ethers are more rapldly cleaved than MPM ethers by benzylic
oxidation with DDQ.21 The 6-0-(l4-methoxybenzyl) group has been
introduced as 1llustrated in Scheme 1 in such a way that the result-

0
o] 4 ° ° Vg ! )
0Bz ? s
o) 4
N3

\Y
T @
Reogents: i NaBH3CN-HCL
Scheme 1

ing 2-azido-2-deoxy~-sugar derivatives of glucose [e.g.,(4)] or
galactose are suitable for glycosylation at 0-4; 0-6 can be
deprotected with DDQ without affecting the azido-group.22
Separable mixtures of 2'~ and 3'-0-(4-methoxybenzyl)-nucleoside
derivatives have been obtained from the stannous chloride catalyzed
reaction of N-acylated nucleosides with L-methoxyphenyldiazo-
methane.23

2-Pyridylmethyl, 2-quinolylmethyl, and 3-methyl-6-nitro-3H-indol-
2-ylmethyl ethers have been prepared by phase-transfer catalyzed
alkylation of 1,2:3,4-di-0-cyclohexylidene-D-galactopyranose and
1,2:5,6-di-—g_—cyclohexylidene—-D—glucofuranose.2

The a-cyanobenzyl ether (5) was obtained as the major lsomer on

cleavage of the benzylidene acetal (6), the 2,3-epoxide molety not

being cleaved even with excess reagent (Scheme 2).25
H §N
Ph OCH,
e )
4
Hov (9

Reagents: i, Me3SiCN - BF3OEL,
Scheme 2

Crown ethers and their acyclic analogues, incorporating sugar
units, continue to receive attentilon. A review covering the
stereospecific synthesis of macrobicyclic and macropolycyclic poly-
ethers has appeared.26 Polyoxygenated ethers (7) of sucrose have

CHZOR CH20R Q
N
CH20R 1

(8 R=R' n=2-4
() R--(cnzcuzo)nw\e 9 R=Ts

(n=1-5)
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been synthesized by conventional alkylation and shown to be some-
what less effective than dibenzo-18-crown-6 in catalyzing certain
model reactions.2! The bis(glucos-3-yl) ether (8) has been obtained
by coupling the sugar alcohol precursor to the ditosylates (9).
Selective hydrolysis of the 5,6-acetals, and periodate cleavage of
the released diol moieties, provided bis(dialdehyde) derivatives.28
Reductive cleavage (LiAlHu—AICl3) of the benzylidene acetal moileties
in a bis(methyl 4,6-0-benzylidene-a-D-glucopyranosido)-18-crown-6
macrocycle [Vol.16, p.55, compound (11)] gave mostly the bis(4-0-
benzyl) ether derivative in agreement with analogous reactions on
monosaccharide derivatives. Other conventional reactions applied
to this macrocycle included hydrolysis to the tetraol or hexahydroxy
-compound, and bromination (NBS) to a 6,6'-dibromo-4,4~d1-0-
benzoate.29 0-Benzylated lactose derivatives 3,3'-, 3,2'-, or
3,2':3',4'-0-bridged by 3,6,9-trioxaundecan-1,11-diyl moieties,

e.g. (10), have been synthesized by coupling partially benzylated
lactose derlvatives having a free hydroxy group in each ring with

CHzan CHzoan oM

(MCOOM H\/:LO D

OBn

Ph

<1o> (1
a,w-ditosylated polyethers, and shown to form host-guest complexes

with benzylammonium thiocyanate.30

These macrocycles, when
complexed to potassium bases (e.g., KOButL induced an enantiomeric
excess in the products from Michael condensatlon reactions, such as
that between methyl (2-phenyl)acetate and methyl acrylate.31
Synthesis of nine benzo-18-crown-6 ethers incorporating carbohydrate
1,2-diol units, e.g., (11), have been reported, and their complexing
behaviour with alkylammonium salts, especlally a-aminoacld esters,
has been studied; chiral recognition factors (D:L) of up to 2.3
were recorded.32

Selective 0O-detritylation with formic acid in diethyl ether has
been shown to be effective in the presence of benzylidene, iso-
propylidene, and t-butyldimethylsilyl protecting groups, and even

tetrahydropyranyl ethers survive partially.33

Silyl Ethers.- A new method for introducing 3'-0-trisopropylsilyl
groups into 2'-deoxyribonucleosides 1s covered in Chapter 20.
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2 Intramolecular Ethers (Anhydro-sugars)

Oxirans.- Epoxides can be synthesized directly from certain diols
by addition of an equivalent of tosyl chloride to the diol under
phase-transfer conditions (e.g., BnﬁEt3.al—CH2C12 - sat.aq. NaOH).
In this way high ylelds of 5,6-anhydro-3-0-benzyl-1,2-0-isopropyli-
dene-a-D-glucofuranose and related 5,6-anhydrides were obtained.

On exposure of methyl 4,6-0-benzylidene-2-0-tosyl-o-D-gluco-
pyranoside to similar phase-transfer conditions, the corresponding
2,3-anhydromannoside was obtained in 91% yield.3u Treatment of
cis-diols with Viehe's salt generates trans-chlorocarbamates (34243
Vol.16, p.84), and where a trans-diaxlal arrangement of these sub-
stituents can be achieved, trea%ment with base can lead to epoxides
as exemplified in Scheme 3.35 Four sucrose epoxide derivatives

CHy OSiMe,Bu
o} ) - ~ ~
) Wi B VN N R
HO OMe 0Y¥—) M%N\W/OS > 02—
OH + 0 0
Me,N o

Reagents: v, CL,C=NMe,CL | U, Meli Scheme 3

have been synthesized from the products of selective pivaloylation
of sucrose by treatment of 0O-mesyl derivatives with methoxide.36

The four isomers of the 3,l4-anhydro-l-deoxy-D-hex-2-ulose deriva-
tive (12) have been isolated by chromatographic separation of
mixtures obtained from the enone (13) as shown in Scheme 4.

Me Me OAc OAc
}:o 0
0
CH —_— o) (13) & ° o+
I

CHO 5 Z g><
o LK <

-L (%) (9
(e2)(1) —— (12) D-ara + Dyl
(g)- bty .
(2)- 2, D-rib + D-lyx
Reagents: i, Hy0;-NaOH ;ii, NaBHq ; iii, MCPBA ; iv Rudgy

Scheme 4
Epoxidation with MCPBA led to concomitant Baeyer-Villiger oxidation
to yleld the 1,2-anhydrotetrose hydrate derivatives (14) and (15).37
Polymerization of 1,6:2,3-dianhydro-4-0-methyl-8-D-mannopyranose led
to a stereoregular polymer with novel (2 » 3)-linked 4-0-methyl-D-
glucose units.3 Other references to epoxides can be found in
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Chapters 14 and 16.

Other Anhydrides.- The synthesis and Lewis acid catalyzed ring-
opening polymerization reactions of 1,4-anhydro-2,3-di-0-benzyl-o-L-

arabinofuranose,39 and of 1,6-anhydro-2,4-di-0-benzyl-3-0-octadecyl-
B-D-glucopyranose,uo have been detailed.

The stereoselectivity achieved in the synthesis of C-6 chirally
deuterated hexopyranoses by sequential C-6 photobromination - tri-
butyltin deuteride reduction applied to the eight isomeric 1,6-

anhydro-2,3,4-tri-0-benzyl-D-hexopyranoses has been reported.“l

A
variety of 1,6-anhydro-2-azido-2-deoxy~-8-D-glucopyranose derivatives,
of potentlal as glucosamine monomers in oligosaccharide synthesis,
have been synthesized from 1,6-anhydro-g-D-mannopyranose. The
procedure of Georges and Fraser-Reid (Vol.18, p.55) for the one-pot
conversion of mannose to its 1,6-anhydride has been made reliable
and scaled-up for the production of 35 g lots of the anhydride in
564 yield. ™2

2,5-Anhydro-L-mannose dimethyl acetal derivative (16) has been
synthesized from the D-glucose derived 2,5-anhydro-3,6-di-Q-tosyl-L-
idose dimethyl acetal (17) (Scheme 5) and converted to C-nucleo-

sides.u3
CH(OMe), o Crlome),
TsO ———Qf—*—+ 0Bz
TsOH,C Bz0H,C
OH OBz
47) (8

Reagents: ¢, NaOBz , i, BzCL- Py
Scheme 5

Methyl 2-0-benzyl-3,5-anhydro-a,B-D-xylofuranoside (18) has been
synthesized in five steps from methyl 3,5-0-isopropylidene-a,B8-D~
xylofuranoside, anhydride formation involving conventional intra-
molecular tosylate displacement.uu 4, 6-Anhydro-a-D-galactopyranosyl
6-0-mycoloyl- and -corynomycoloyl-a-D-galactopyranoside, analogues
of trehalose glycolipids, have been syntheslzed by sequential intro-
duction and displacement of tosylate groups from C-6 and C-6' of a

2,3,2',3'-tetra-0-benzyl-protected galactosyl galactoside.u5

OH
0
s 0 0 OH o_ © 0
Q;o 7‘om S @ Y Ho
|
HOH,C (o] 0 HOHC CHaOH OH
OBn OH fo) OH

(18) (19) H (20)
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L-Sorbose has been converted into a mlixture of six disorbose
dianhydrides (two of which were previously known) by treatment with
anhydrous hydrogen fluoride, L-sorbofuranosyl fluoride being the
intermediate. Five of the dianhydrides were 1,2':2,1'-1somers
[e.g., compound (19)] differing in ring size and anomeric con-
figuration, while the sixth was the 2,1;3,2'-dianhydride (20).

Such dianhydrides were also formed on treétment of L-sorbose with
other aclds (MeOH-HZSOu or CF3COEH).
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6

Acetals

The reactions of carbohydrate acetals with particular emphasis on
acid catalyzed migrations and the conversion of acetals to halogen
derivatives form the subject of a review in Hungarian. From a H-
n.n.r. study and examination of X-ray structures of pyranoid rings
fused to dioxolan rings in acetylated D-gluco- and D-galactopyranose
derivatives, it was concluded that the configuration of the dioxolan
ring influences the conformation of the pyranoid ring in D-glucose
but not in D-galactose derivatives.

1 lsopropylidene acetals

Sugar isopropylidene acetals have been prepared by ultrasonic irrad-
iation of a suspension of the sugar in propanone in the presence of
98% sulphuric acid or 70%Z perchloric acid. The sugar dissolves
within 30 minutes and the acetals are isolated after neutralization
with sodium or potassium carbonate. Cyclohexylidene acetals were
prepared in a similar manner.

Aldehydo-2,3:4,5~di~0~isopropylidene-D-xylose has been prepared in
52% yield by direct acetalation of D-xylose with 2-methoxypropene in
the presence of tosic acid. Direct isopropylidenation of free
sugars has also been carried out by means of iodine in propanone. D-
mannose yielded the 2,3:5,6-di-0-isopropylidene furancse in 25 min
at room temperature whereas L-arabinose gave the 1,2:3,4-diacetal of
the pyranose in 2 hours at room temperature and 20 min at reflux.
In both cases yields of 85% were obtained. Treatment of either
anomer of methyl D-galactopyranoside with 2,2-dimethoxypropane in
the presence of tosic acid and propanone gave a 50 - 70% yield of
the corresponding diacetal (1), useful for synthesis of 2-,6-, or
2,6-substituted galactose derivatives. The reaction of 3,6~
anhydro sugars with acetonating agents has been investigated. Pro-
panone~-sulphuric acid with 3,6-anhydro-D-glucose yielded 3,6-
anhydro-1,2-~0-isopropylidene~D-glucofuranose (2) whereas anomers of
the open chain diacetal (3) were obtained when 2,2-dimethoxypropane
was used. Complex reactions occurred when 3,6-anhydro-D-mannose

62
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was treated with propanone-sulphuric acid, although the acyclic 1,2:
Ly5-diacetals were identified. Anomeric acyclic 3,6-anhydro-1,2:4,5-
di~0-isopropylidene-D-mannosides (4) were obtained from methyl 3,6~
anhydro-xX-D-mannopyranoside with propanone-sulphuric acid. Terminal

CH,0CMe,0Me MeO OMe

0 (0]
M‘om " 60 A O>< >< ¢}
oX~
(1) OH (2) 0 Z>< Q g><
® ()

1,3~-dioxolans (5) were obtained when the corresponding 1-C-sub-
stituted-D-erythro-glycerols reacted with propanone-~sulphuric acid.
The 3,6:4,5~-di-0-isopropylidene derivative (6), a minor product in
the isopropylidenation of 2-acetamido-2-deoxy-D-glucose diethyl di-
thioacetal, has been isolated and characterized by X-ray crystall-
ography.

N R2 0
R'= N7 SEt
N 1 0
#N ATO SEt
(5) 2 NHAC
R™=Ph, p-CLC Hq , p-BrliH, (6)

Isopropylidenation of lactose with 2,2-dimethoxypropane-tosic acid
yielded 2,3:5,6:3',4"'-tri-0-isopropylidene lactose dimethyl acetal
and its 6'-0-(2-methoxy)isopropyl derivative, both useful in the
synthesis of 2'-substituted lactose derivatives. The products of
the same reaction with raffinose have been analyzed: seven mono-,
di-, and tri-acetals were identified with reactions occurring at
11,2-, 2,3-, 2",3"—, 3,4~, 3",4"-, and 4",6"~ positions.

The n.m.r. spectral data for isopropylidene groups is discussed in
Chapter 21.

; 2 Benzylidene acetals

A reinvestigation of the main product from reaction of D-ribono-
lactone with benzaldehyde dimethyl acetal has shown that it is the
2,3-0-benzylidene derivative of the 1,4-lactone and not the 2,4-$§
benzylidene analogue of the 1,5-lactone as previously suggested. A
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specific synthesis and stereo-chemical assignment of epimeric 3,5-0-
benzylidene-1,2-0-isopropylidene-&-D-glucofuranoses has been reported
(Scheme 1). Both epimers of methyl 4,6-0-benzylidene-2,3-di-0-
methyl-x-D-glucopyranoside have been prepared by treatment of the

CHZOH CH05iPh, BuS CH,0H
HO o
— OH

o]
b

‘trans'
Rengents: i, Py- TsOH-Ph CH(OME),; i, BuyNF ;iii, MeaCO- ZnCl,

Scheme 1

4,6-diol with «,k-dichlorotoluene in the presence of potassium
butoxide and shown to have chair configurations in each case. The
1,2-0-benzylidene-x-L-rhamnoside (7) has been synthesized by treat-
ment of 2,3,4-tri-O-benzoyl-«, A-L-rhamnopyranosyl bromide with sodium
borohydride in acetonitrile.

BzQ o
Me

(n

(¢}

OBz O)rH

Ph

Application of vicinal 150—1H J values to derivatives of 3,4-0-
benzylidene-galactose, 2,3-0-benzylidene-mannose, and 2,3-0O-benzyl-
idene-gulose, each as separate R and S epimers at the benzylidene
carbon, has provided data on the conformations adopted. Where data
were also available from X-ray diffraction, the conform%Zions were
found to be the same in solution as in the solid state.

3 Qther acetals

An improved synthesis of 1,2-0O-cyclohexylidene-myo-inositol in 45 -
50% yield utilized the reaction of 1,1-dimethoxycyclohexane with myo-
inositol in DMSO catalyzed by Nafion-H, a perfluorinated strongly
acidic jon exchange resin. Minor products were the 1,2:3,4-, 1,2:
4y5-, and 1,2:5,6~diacetals. The acidic reagent systenms,
phosphorus pentoxide-trimethylsilyl triflate and phosphorus pent-
oxide-boron trifluoride etherate, have proved effective for O-
methoxymethylation of carbohydrate and nucleoside derivatives with
dimethoxymethane; noteworthy is the compatibility of the reagents
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with ester protecting groups which can migrate under alkaline con-
ditions. Cyclic oxythioacetals have been prepared by Diels-Alder
reactions of sugar O-thioformates illustrated for a glucofuranose
derivative in Scheme 2. Use of high pressure (2.5 kbar) led to a 5.2
ratio of the diastereoisomers of the thiene (8) rather than the 1:1

3
»Cf <
Reagents: i, 7 ; i, >—< \_( ,w,utMgoH
Scheme 2

1
ratio obtained in sealed tube condensation. 9

4 Reactions of acetals

Treatment of carbohydrate acetals and dithiocacetals with iodine in
methanol gives acetal cleavage; where the acetal is attached at the
anomeric centre, methyl glycosides usually result. Some examples are

shown in Scheme 3. Catalytic transfer hydrogenolysis of benzyl-

CHZOH CHgOH

OMe
i) E; ): t< >

Qgr CH,OH

0o CH,OH CH(SEL), CH,0H
v (o) o
e} L_>“’ () 0
HO — HO

CHp0H OMe

(90%) CH20H OH (70%)
Reagents: i, % I,-MeOH (a) 4h reflux (b) 24h,RT () 48h, RT
Scheme 3

idene acetals with palladium on charcoal and ammonium formate or
hydrazine hydrate may be used to remove the acetals completely, or
selectively for endo-isomers by using controlled conditions. The
products are g-hydroxy benzyl ethers. Reaction with methyl 2-0-
benzoyl-3,4-endo-0-benzylidene-@-L-arabinopyranoside yielded the 3-
0-benzyl-4-hydroxy and the 4-0-benzyl-3-hydroxy derivatives in 3%
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and 227% yield respectively. With methyl 2,3:4,6-di-0-benzylidene-
x-D-mannopyranoside, meth l g—O benzyl-4,6-0-benzylidene-X-D-manno-
pyranoside was produced. The isomerization of 4,6-0-ethylidene-
-benzylidene-, and -(4-methoxy)benzylidene-1,2-0-carbonyl-&-D-
galactopyranoses in the presence of Lewis acids has been studied.

The products were the 3,4-acetals with retention of the 1,2-carbonyl
groups. The reagent system trimethylsilyl cyanide-boron tri-
fluoride etherate reacts with methyl 2,3-anhydro-4,6-0-benzylidene-
#-D-allopyranoside to yield the X-cyanobenzyl ether (9). No epoxide

HO OMe

ring-opening occurred even with excess reagent.

Reference to the reductive ring-opening of 2,3-0-acetals of 1,6~
anhydro-g4-D-mannopyranoses for the preparation of 2-azido-derivatives
of 1,6-anhydro-manncse is made in Chapters 5 and 9.

References

1 A Liptak and Z.Szurmai, Magy. Kem. Lapja, 1985, 40, 488 (Chem. Abstr.,

1986, 104, 207 523).

F.H.Cano, C.Foces-Foces, M.Bernabe, J.Jimenez-Barbero, M.Martin-Lomas,

and S.Penades-Ullate, Tetrahedron, 1985, 41, 3875.

C.Einhorn and J.-L.Luche, Carbohydr. Res., 1986, 155, 258.

M.Koos and H.S.Mosker, Carbohydr. Res., 198b, 146, 335.

K.P.R.Kartha, Tetrahedron Lett., 1986, 27, 3415.

P.L.Barili, G.Berti, G.Catelani, F.Colonna, and A.Marra, Tetrahedron

Lett., 1986, 27, 23u7.

P.Koll and G.Papert, Liebigs Ann. Chem., 1986, 1568.

£.S.H.El Ashry, Y.£l Kilany, and F.Singab, Carbohydr. Res., 1986, 154,

265,

9 K.-C.Luk and L.J.Todaro, Carbohydr. Res., 1986, 152, 274.

10 T.Yoshino, G.Reuter, S.Kelm, and R.Schauer, Glycoconjugate J., 198b, 3, 7
(Chem. Abstr., 1986, 105, 6707).

11 T.Otake and J. Tsukahara Bull. Chem. Soc. Jpn., 1986, 59, 67.

12 ¢.J.F.Chittenden and H. Regellng, . Recl. Trav. Chim. Pays-Bas, 1986, 105,
180 (Chem. Abstr., 1986, 105, 172 939).

13 K.Akerfeldt and P.A.Bartlett, Carbohydr. Res., 1986, 158, 137.

14 M.Svaan and T.Anthonsen, Acta Chem. Scand., Ser. B, 1980, 40, 119.

15 N.k.Baikamova, L.V.Bakinovskii, and N.K.Kochetkov, Izv. Akad. Nauk
SSSR, Ser. Khim., 1985, 112Z (Chem. Abstr., 1980, lu4, 149 27v).

lo J.Jimenez~-Barbero, M.Bernabe, and M.Martin-Lomas, Carbohydr. Res., 1986,
155, 1.

17 C.Jiang and D.C.Baker, J. Carbohydr, Chem., 1986, 5, 615.

18 S.Nishino and Y.Ishido, J. Carbohydr. Chem., 1986, 5, 313.

N

SV W

x ~




6: Acetals

19
20
21
22
23

24

P.Herczegh, M.Zsely, R.Bognar, and L.Szilagyi, Tetrahedron Lett., 1986,
27, 1509.

WjA.Szarek, A.Zamo jski, K.N.Tiwari, and E.R.Ison, Tetrahedron Lett.,
1986, 27, 3827.

T.Bieg and W.Szeja, Carbohydr. Res., 1986, 154, 296.

T.Bieg and W.Szeja, Synthesis, 1986, 317.

P.Hoogerhout, M.Kloosterman, and J.H.Van Boom, Recl. Trav. Chim. Pays-
Bas, 1985, 104, 235 (Chem. Abstr., 1486, 104, 225 104).

F.G.De las Heras, A.San Felix, A.Calvo—MaEEB, and P.Fernandez-Resa,
Tetrahedron, 1985, 41, 3867.




Esters

1. General methods

The anomeric acetoxy groups of the glucose or ribose peresters (1)
and (2) can be substituted by trifluoroacetoxy groups to yield (3)
and (4) respectively, which may then be readily replaced by a
different acyloxy group on fusion with a carboxylic acid, as shown in
Scheme 1, The predominant anomers were isolated by direct crystall-
ization. It has been found that magnesium oxide catalyzes non-

CHa0Ac CH,0Bz
0 . I . “ 0. OAc . p u (OCOR
oA WOAC > 9 ey ¥ —> Hrocock s §)
< N
AcO “0COCF, OCOR
9% (3 0Bz OBx 8% (4)
(1) OAc )
@)
Reagents: i, CRCO,H-(CF3C0),0- CRSO3H ; i, RCOzH, & R = ClaC- , CACHy ,NCCH,',BrCH, , ete.
Scheme 1

selective and quantitative methanolysis of polyacylated sugars at
room temperature. Many examples of the reaction, which is thought to
proceed by the mechanism shown in Scheme 2, were tabulated, with re-
action times varying from 25 min to 6 hours. A facile procedure
has been described for the regioselective 1-0-deacylation of fully

Me HxO ogH
o5 one_ e eo-dre + g0
ROH e O-CMe +
Ro-c'.=/<>" = R(‘T—(I;—(O—/ 9 M 9
Me Me
Scheme 2

acylated sugars which gives yields in the range 60 - 80Z. A solution
of 2 molar equivalents of sodium methoxide in THF with the acylated
sugar was chilled in ice-water for 20 min, and then the reaction

was quenched with acetic acid and the products isolated chromato-~
graphically. Lipase has been used to effect selective cleavage of
the primary acylate in methyl tetra-acylato-D-hexopyranosides. Pent-

anoyl esters were found to be the most convenient groups to use. The

68
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selective acylation of methyl 4,6-0-benzyl--D-mannopyranoside under
various conditions with different reagents has been studied. Acetyl
chloride in pyridine gave 64% 2-0-acetate, while acetic anhydride in
pyridine gave 55% 3-Q-acetate. Similarly tosylation could be
selectively accomplished at either 0-2 or 0-3 by means of tosyl
chloride in the presence of tetrabutylammonium sulphate and 5%
sodium hydroxide in dichloromethane or tosyl chloride in pyridine
respectively. Benzoylation on the other hand appeared always to
yield predominantly the 2-0-benzoyl derivative.

2. Carboxylic esters

A convenient, high-yielding synthesis of 1,2,3,4,6~penta-0-acetyl-g-
D-[1- H]glucopyranose has been described, in which D-glucono-1,5~
lactone is acetylated with acetic anhydride-zinc chloride and re-
duced with sodium tetraborodeuteride in the presence of acetic
anhydride in deuterium oxide. In the absenge of acetic anhydride,
the reduction yielded a mixture of anomers. Replacement of 0-
benzyl groups by O-acetyl groups has been effected using acetic
anhydride with iron(III) chloride. The differential rates ob-
served allowed selective deprotection. Thus in D-glucopyranose
derivatives the relative rates for replacement were 125:24:1 for
0-6, 0-3, and 0-2 respectively. All isomers of tetra-O-acetyl-
D-glucopyranose and their corresponding monobenzyl and monotrityl
?thers have been synthesized conventionally and their H- and
C-n.m.r. spectra completely assigned.

The structures of the hepta-Q-acetylsucroses produced by de-
acetylation of octa-0-acetylsucrose on aluminium oxide impreg-
nated with potassium carbonate have been determined. Four prin-
cipal hepta-0O-acetyl components were obtained in 34% total yield,
all having a hydroxy group free in the fructose moiety (ratios of
free hydroxy groups, 4! (43%), 1'(23%), 3' (19%), and 6' (15%)).
Likewise two hexacetates (3',4'- and 1',3'-dihydroxy compounds)
were isolated in 427 yield, others only being present in trace
amounts. The tetra-acetyl disaccharide 2,3,4~tri-O-acetyl-«-L-
rhamnopyranosyl-(1-2)-4-0-acetyl-K-L-arabino-pyranose has been iso-
lated as a steroidal glycoside from the plant Trillium
tschonoskii. 0

A comparison of bis(tributyltin)oxide, potassium cyanide, and
potassium hydroxide as reagents for regioselective 1-0-deacetylation
of fully acetylated sugars has been conducted. Potassium hydroxide
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was much the fastest, but not always applicable due to its alkalin-
ivy. Potassium cyanide has also been examined as a deacetylating
agent when used in catalytic amounts in methanocl. The conditions,
though mild, produced yields approaching 1007%.

Selective benzoylation of 2-deoxy-D-arabino-hexose using benzoyl
chloride in pyridine shows that the order of substitution is
6>3%1>4. Thus 1 equivalent of the reagent gave 79% 6-benzoate; 2
equivalents, 40% 1,6- and 467 3,6-di-benzoate; 3.2 equivalents gave
8% 1,b-dibenzoate, 13% 1,4,6-tribenzoate and 70% 1,3,6-tribenzoate
(5). The tribenzoate (5), on treatment with thiocarbonyldi-imidazole
as a deoxygenating reagent, yielded the 2,4-dideoxy-tribenzoate (6),
which could be selectively 1-0O-debenzoylated with ammonia in
methanolic THF to give the dibenzoate (7).

CHpOBz CHo0Bz CHo0Bz
0 o8z 0.0z 0
0B: > ( oez > {08z OH
HO
(5) O] (M

Cyclic sulphites have been reacted with sodium benzoate to yield
the 1-0-benzoate with a trans-1,2-relationship to the C-2-hydroxy
group, e.g., the sulphite (8) gave the g-glucosyl tetrabenzoate
(9). Glycosyl esters have been prepared by the Mitsunobu re-

CH0Bz CH,0Bz CH,082
Bz0 0 Bz0 0. 08z
or (10) R=H
OBz a— 0Bz 08n
(o) BnO (11) R=Bz
0‘}S=0 OH O8n
(8) o)

action; the product was produced by stereospecific inversion, and
pure anomeric esters were obtained from anomerically pure sugars.
Thus 2,3,4,6-tetra-0-benzyl-D-glucose (10) as a 4:1 o&ip mixture
gave the x,B8-1-0-benzoate (11) in a 1:4 ratio. An example with a
disaccharide derivative is shown in Scheme 3. The reaction, which

OBz

)

\

Reagents: i, PhaP-DIAD-B2zOH- THF
Scheme 3
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was also carried out with aliphatic acids, shows no participation
from 2-0-acyl groups, and can be made selective at the anomeric
centre in the presence of other free hydroxy groups. An unusual
trans benzoyl migration has been observed during allylation of 1,6-
anhydro-2-azido-4-0-benzoyl-g-D-glucopyranose with allyl bromide-
sodium hydride; the product consisted of a mixture of the expected
3-0-allyl derivative and a substantial amount of the 4-0-allyl-3-0-
benzoyl derivative. The benzyl groups in 1,6-anhydro-2,3,4-tri-
O-benzyl-A-D-hexopyranoses have been found to act as hydrogen donors
in catalytic transfer hydrogenolysis, producing monobenzoyl ester
derivatives. Thus the anhydro galactose tribenzyl ether (12) gave
1,6-anhydro-3-0-benzoyl-A-D-galactopyranose (13) in 70% yield (Scheme
4). The anhydromannose under the same conditions gave a 42% yield of
the debenzylated 3-benzoate (14), whereas the corresponding anhydro-
gulose yielded a 40% yield of the 2-benzoate (15). 1,6-Anhydro-
2,3,4—tri-Q—benzyljp—D—glucppyranose gave no benzoylated products.

0 0 0 0
BnO 0 ' HO 0 HO % HO 0
0Bn — 08z 0BzHO
OBn OH OH OBz
(12) (13 (19) (15)

Reagents: i H,-PafC- PrioH
Scheme 4

Selective dearoylation of peraroylated p-D-ribofuranosyl nucleo-
sides has been carried out. When sodium methoxide in THF was used,
the 2'-and 3'-hydroxy groups were unmasked, giving the 5'-0O-acyl
nucleoside. N-Acyl groups on the heterocyclic bases were unaffected.
The reaction was successfully carried out with benzoyl, toluoyl and
isobutyryl groups. When potassium tert-butoxide in either THF or
dichloromethane was used at low temperatures (-50 to —2O°C),19
selective cleavage occurred at 0-2' and yields were 65 - 80%.

Lipase-mediated transesterification using 2-trichloroethyl butyrate
and a free D-glucose produced 6-0-butyryl-D-glucose in moderate
yield. The reaction with D-galactose and D-mannose also produced
the 6-esters while D-fructose gave both the 1- and the 6-ester.
Several other similar transesterifications were carried out.

Esterification by means of 4-azidobutyryl chloride provides a use-
ful temporary protecting group, and the resultant ester may be
cleaved by hydrogen-palladium reduction to the 4-aminobutyrate,which,
on heating in ethanol under reflux, gives 2-pyrrolidinone spontan-
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eously, thus releasing the hydroxy group. The reduction occurs
without affecting O-benzyl or an olefinic double bond1 yet it is
stable under conditions which remove an allyl group.2
Reference to the preparation and properties of octanoyl esters of
mannitol is made in Chapter 18. The synthesis of 3- and 5-mono-
esters and 3,5-diesters of D-xylose derived from C, , C_ , and C
fatty acids, required for studying surfactant properties, has been des-
cribed. Long-chain fatty acid esters of D-glucosamine derivatives
have been synthesized from benzyl 2-amino-4,6-0O-benzylidene-2-
deoxy-o~-D-glucopyranoside. 3-0-Acyl-2-acylamido-2-deoxy-D-glucoses
and benzyl 2—acylamido-&—Dgglucopyranosides of 08, 012, and 016
fatty acids were prepared.
2-Deoxy-4-0-phosphono-3-0-tetradecanoyl-2-[ (3R)- and (38)-3-tetra-
decanoyloxytetradecanamido]-D-glucose (16), a diastereomeric pair of
derivatives related to bacterial lipid A, have been synthesized

conventionally. Derivatives of lipid Y, a component of lipid A
o CH,OH
(HO)zP O 0
Me(CH;),€00
NH OH
COCH,GH(CHz) ,Me
(16) o~co(cu2),2m,

from Salmonella minnesota, have been synthesized as shown in Scheme
5, the key step being a chemoselective debenzylation of the phosphate
ester. Bridged sugar esters used as antitumour and immunoadjuvant

[o]
0.08n . I .
o) J I

A

¢ L 0-p(oH)
c“f/<; NH-CHz O :
08n 0-C-(CHa)igMe
(CH2)oMe (CHp)yMe
Reagents : i, 10% Pa/C - THF-ELOH ; ik, Buli ; i CLP(0)(08n),}lv, 10% Pafc- TF

Scheme 5

agents are described in Chapter 9. The ester (17) has been prepared
in a trial experiment to establish conditions for esterification of
the hy%goxy'acid (18) which forms part of the complex diterpene
taxol.

The mesomorphic properties of «- and g-anomers of penta-0-decan-
oylglucopyranose have been confirmed by microscopy, liquid crystal
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induced CD, and X-ray diffraction of non-oriented samples. A non-

hexagonal columnar ordering was proposed. Higher esters of

Ph «CHy
PhcNHEHCHCO,R

o BCH0Me () Rs\{o//:o
\ ;o
o

(18) R=H

sugars and inositols have been the subject of a discussion of the
relationship of molecular structure to liquid crystal properties.
Various higher esters of scyllo-inositol, gig—cyclohexane-%QB,S—
triols and B-D-glucopyranose were used as model compounds.

Sudachiin D, isolated from the green peel of Citrus sudachi, has
the unusual structure (19) in which two flavone glycosides are ester
linked by a 3-hydroxy-3-methyl glutaric acid moiety.z9

CHpCO,R “CH,
oo
Me ——on (19) R = O-Flax.
OoH
CHy COZR HO
H

The primary leaves of rye, Secale cereale, have yielded 2—(@)—9—0
feruloyl-D-gluconic acid (R20) and a variety of positional isomers.
Seven bitter sucrose esters have been isolated from Lilium speciosum

COzH CHa0AC
0- CO\_Q- 00 cocun (21) R= 6-Methoxy-2-naphthyl
(22) R= e»&@»
CHon

var. rubrum bulbs. Each was fernoloylated at the 3,6'-position 1and
in addition had up to three acetyl groups at various positions.

The glycosyl esters (21) and (22) of 2-(6-methoxy-2-naphthyl)-pro-
panoic acid (naproxen) and p-isobutylphenylpropanoic acid (ibuprofen)
respectively have been prepared by a phase transfer method; the
products were better antiinflammatory agents than the parent acids.BZ
Glucosides of salicylic acid (23) and (24) have been synthesized by
conventional methods. The association of polyphenols, e.g., tri-
to penta-0-galloyl-g-D-glucopyranose, or chlorogenic acid (25) or its
sodium salt, with caffeine and with«- and F-cyclodextrins has been
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probed and the binding of the galloyl esters or (20) shown to be con-
siderably modified by the presence of saccharides such as the cyclo-

4 COoH
CO2R (23) R'~Me, R?= 0-Glucosyl OH
or? (24) R'- D-Glucosyl, R3=H HO /0 OH (25)

34
dextrins. Pentagalloyl-glucose and related gallotannins have been
shown to be potent inhibitors of glucan synthesis by glucosyl-trans-
ferase from a cariogenic bacterium, Streptococcus mutans, with 50%

inhibition at 10 'M. The enzyme is considered to be an appropriate
target for dental caries prevention, and_these compounds are more
effective inhibitors than chlorhexidine.

An improved synthesis of 6-0-mycoloyl- and 6-0O-corynomycoloyl-
«,%-trehalose, with observations on the permethylation analysis of
trehalose glycolopids, has been described; potassium salts of the
appropriate acid were used with 6-0-tosylate derivatives of trehalose
to give the required products. The same group has prepared 4,6-
anhydro-x-D-galactopyranosyl-6'-0-mycoloyl- and ~corynomycoloyl-xX-
D-galactopyranoside by a similar procedure. The same displace-
ment procedure has also been used to synthesize 6-0-mycoloyl-D-
glucose, -2-acetamido-2-deoxy-D-glucose, and -D-galactose, as well
as 5-0-mycoloyl-D-arabinose, besides 6-0-mycoloyl-«,X-trehalose;
these compounds were examined for their lethal toxicity and adjuvant
activity. Zwitterionic anthocyanins, with malonic acid esters
on their glucosidic residues, have been found to be widespread in
the Compositae plant group.3

The (38)-methylpentanoyl triester (26) of sucrose has been iso-

lated from tobacco. Determination of the position of the ester
CHp0AC CHaOH
RO 3} 0
(26) R= MeCHCHCHyCO»
HO Me
RO CH,OH

OR fo) OH

groups in (26) was achieved by means of 2D-n.m.r. spectroscopy to
detect long-range coupling of the acyl group protons and the ring
protons with the carbonyl carbon atoms of the ester. Mono-

oleoyl and -linoleoyl esters of sucrose have been synthesized in 80~
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85% yields by esterification of the sugar with the corregponding
fatty acid in DMF at 90 - 950 with potassium carbonate. 344-Di-
isobutyryl-6-0-capryl-sucrose has been identified as the major com-
ponent of a complex contained in type B glandular trichomes on the
leaves of the wild potato, Solanum berthaultii. The complex is
indicated in the resistance of the plant to Phytophthora infestans

infection.4 Full details on the selective 1-0O-acylation of

lactose to give either &«- or A-linked acyloxy moieties have been
published (see Vol. 17, p.71); the work was extended to g-D-maltose
and A-D-glucose using reactive acylating reagents prepared from acyl
chlorides and mercaptothiazoline, mercaptobenzothiazole, p-nitro-
phenol, or 8-hydroxyquinoline. -

Regioselective phenylcarbamoylation of polyhydroxy compounds has
been achieved using phenyl isocyanate~zinc naphthenate. Common
aldohexo- and -pentopyranosides gave the 3-0O-phenylcarbamates in fair
to excellent yields, with the 2-ester being the minor product. In
the absence of zinc naphthenate, the ester is formed at 0-6. With
N -benzyladenocsine the product was the O-2'ester, while 3,4-0-
isoprogglidene—D-mannitol gave the 1,6-bisphenylcarbamate in high
yield.

Reference to peptido ester derivatives of sugars is made in
Chapter 18.

Retinoyl fluoride reacts with D-glucurono-6,3-lactone to yield the
1-0-acyl ester (27), which on acid hydrolysis and h.p.l.c. purific-
ation gave the free acid (28). 188-Glycyrrhet-3-yl and -30-yl
p-D-glucopyranuronic acids have been prepared by Koenigs-Knorr syn-

0 0 COH

B g g N OR 0 o
@nr=¢ 4 (28)r= (o,
HO HO
OH OH

thesis.

3. Phosphates and related esters

Xylitol 1-0-(dichlorophosphite)-2,3:4,5~bis-0-(chlorophosphite), L-
arabinitol 1-0-(dichlorophosphite)-2,3:4,5-bis-0-(chlorophosphite),
and ribitol 3-0-(dichlorophosphite)-1,2:4,5-bis-0-(chlorophosphite)
have been prepared by reaction of pentitols with phosphorus tri-

chloride.
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The secondary kinetic 18O isotope effect on hydrolysis of D-
glucose 6-phosphate labelled with 0 in the non-linking phosphate
positions has been determined. Using glucose and [1- “Clglucose
esters, the hydrolysis was stopped at half reaction and the unreacted
ester was enzymically converted to ribulose 5-phosphate and carbon
dioxide, the degree of labelling in which was determined. The iso-
tope effect was found to be 1.0046 for each oxygen determined.4 The
kinetics of the oxidation of D-glucopyranose 6-phosphate and D-ribo-
furanose 5-phosphate to the corresponding aldonic acids by vanadium(V)
in perchlqsic acid media have been studied and a mechanism
proposed.

D-Glucosyl dibenzylphosphates, (29) - (31), have been prepared by
reaction of the corresponding &£-glycosyl bromide with silver di-
benzylphosphate and their reactions towards sodium azide investi-
gated. Monodebenzylation occurred in each case and sulphonates at
C-6 were displaced but 4-O-sulphonates were unreactive. Thus the 6~
tosylate (29) gave the azide (32), the 4,6-dimesylate (30) gave the 6-
azido-4-0-mesyl product (33), whereas the 4-O-mesylate (31) did not
react. With sodium iodide in butanone (29) gave the 6-iodide (34).

1 1
CHOR' o \ CHR' o
2 1 2
0 0-plosy), (29) R =oIs,R =Ac 0 0,;':-05,, {32) R1=N3,R =Ac
1 2
Koa (30) R'=R*=Ms 2N\ OAc OH (33 R1=N3,R =Ms
R°0 (31) R'=8z,R%=Ms RO (34) R'=1,R*=Ac
OAc OAc

All four monodeoxyfluoro-L£-D-glucopyranosyl phosphates have been
prepared using the DAST procedure and their acid-catalyzed hydrolysis
studied. Fluorine substitution was found to reduce the rate relative
to the parent sugar phosphates.

&-D-[U- "CJMannopyranosyl dolichyl pyrophosphate has been obtained
conventionally from the corresponding mannopyranosyl phosphate.

Total synthesis of optically active myo-inositol 1,4,5-triphos-
phate is described in Chapter 18.

Direct synthesis of x-L-rhamnopyranosyl phosphate has been
achieved as shown in Scheme 6. The intermediate5£35) was also used to
obtain the di-glycosyl phosphates (36) and (37).

p-Aminophenyl g-D-ribofuranoside 3-(D-ribit-5-yl)phosphate (38) has
been synthesized by coupling the tetrabenzyl ribitol O-chlorophenyl-
phosphate (39) with the p-nitrophenyl glycoside (40) followed by
deprotection and hydrogenation of the product. The synthesis of
bis(glucos-o-yl) phosphate, glucos-3-yl glucos-6-yl phosphate, and
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glucos-2-yl glucos-6-yl phosphate has been achieved by a modified
tgiester procedure. The products were confirmed by H-, C-, and
P-n.m.r. spectroscopy, which'also indicated conformations around the
phosphorus bridges. The structure of agrocinopine, obtained from
tobacco crown gall tumour cells, has been confirmed by H- and = P=-
n.m.r. and 2D n.m.r. techniques, to be a phosphodiester of sucrose and
L-arabinose linked via 0-4 of fructose and 0-2 of arabinose. The
repeating fragment of the cell wall of Staphylococcus lactis, 1-0-(N-

acetylglucosamine) 6-0-(N-acetylglucosamine) phosphate (41), has been
synthesized by the route shown in Scheme 7, which was better than the
triester approach because of the participation of the group at C-2.

Oon . . O—P NP} 0,0-p (oH),
Moo —— >’ OCHCHaCN —2¥ Me o) ©
HO
0Bn (35 OH
Reogents: i, CL-P(OCHICH,CN)NW';— PP;‘NR 3 U, HOCHCH, CN- TH-tetrazole ; i, ButOaH ; iv, NHa-MeOK ; v, Hy-Pd/C
Scheme 6

, OCHaCHRCN

° o)— ’P\ocH,
Me OCHZCHZCN
BnO 8o
OBn BnQ

OBn
(36) (o7)

CHz08n CHOTr CHOM  cpom
O8n o O—-@-Noz OH 0 OQNHZ
OBn cl + — OH
OBn 0 OH
CH,0—P—0 o 1A
,0—P OH OBn CHz0—P —g
OCHLCCLy

(29) (40) or (38

OH

CHZ0DMTr ) CHo0H
1

9 0
Y . 7 vyl o-CH !
ope i, % ﬁ (Y O'E 2 o w,v oH ?
Bz0 OH “0-p-OH HO 0-P-0-CHz
H

OAc OH 0
NHAc AcO OAc AcNH

2 NHAc OH
HO
L
Reagents: i, Cf:&a- EtaN i, Hy0 j ik, 00 ch'BﬂFCOCL-% 5 v, Iy ; v, NaOMe- MeOH
Scheme 7

HOCH,
OoH

(41 NHAc

The reaction product of ribitol and phosphorus trichloride in
the presence of triethylamine has been re-examined and shown to be
the tricyclic phosphite (42). 1,2-0-Isopropylidene-D-glucuronic
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acid 3,5,6-bicyclophosphite (43) has been synthesized from 1,2-0-iso-
propylidene-~-D-glucuronofuranose by treatment of its sodium salt with
phosphorus trichloride in triethylamine. The bicyclophosphate (43)
yielded the cyclophosphates (44) and (45) on reaction with ethanolic

/O—CHZ 0 0 cc>2 Et3NH COH
o/P —0 /oj{ 0 ;i/ 0
pR\O[ >o Etop/ O= \( 70
o) ’k,

o~
(49 (44) (45)

I—v9—o0

sodium ethoxide in the presence of triethylamine and aqueous THF
respectively. The novel bicyclophosphites (46) and (47) have been
prepared from 2,3-0-isopropylidene-D-fructopyranose and methyl x-D-
mannopyranoside respectively by treatment with P(NEt ) in pyridine,
followed by heating to 110°C. The phosphapane ring was opened w12h
hydrogen peroxide to yield the monocyclophosphates (48) and (49).
Conformwational studies on sugar phosphates are mentioned in Chapter

21.

o CH20._ cuon
OX/ P @ (o )

C”z HO OMe cuzou HO\ OMe

(46) (47) (49 o on (49

The pH dependence of the rate of hydrolysis of disodium adenosine
triphosphate has been determined. Other aspects of the synthesis
and structure of nucleotides will be found in Chapter 20.

A bis(cycloaminothionophosphate) of ribitol (50) has been syn-
thesized from ribitol, phgsphorus trichloride, and sulphur in the

presence of diethylamine.

CHZOD(NEtz)2

05\\\\\ (50)
™ NEt;
CHZO’//

4« Sulphonate esters

From a study of the partial tosylation of methyl «£-D-mannopyranoside,
the order of substitution was found to be 6»3¥2%4. With two equi-
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valents of tosyl chloride in pyridine the products were: 3,6-ditosy-
late, 35%; 6-monotosylate 35%; 4,6~ and 2,6~ditosylate (not separ-
ated), 14%; 2,3,6-tritosylate, 3%; and 3,4,6-tritosylate, 1%. When
three eguivalents of tosyl chloride were used the yields of the same
products were 40%, 25%, 15%Z, 5%, and 27 respectively. The 3-
triflate (51) undergoes the expected SNZ reaction with bromide ion
but, on extended reaction at room temperature, rearranges to yield
the unstable orthoester (52), presumably via the benzoxonium ion
(53). If other weak nucleophiles are present, then substitution
occurs at the benzoxonium cation, while strong nucleophilesbgeggt at
the C-3 with overall retention of configuration (Scheme 8). !

Me
0 OMe ~ -~ -~
H 4
N OTF - 0\/\4 = ‘é — Q(—
Bz0 3 O\s BzO
3 b.o ? ph\f£~0 ) s
(51) 3 P OTf X=Br,NO3
Ay (59 \tv
4 " l“ - (52)
HON\3 A 4
OBz 0; s 0&3_) Reogents: i, Br or NO3 ; ii, Hy0 i, MeOH;
Ph v, BuySnH
ph+0 +0 W, Bugsn
OMe H
Scheme 8

The tosylation of cellobiose by tosyl chloride in pyridine and
thermal analysis 9f the products using DTA and isothermal TGA has
been carried out. Selective tosylation of 6,1',6'-tri-0-trityl
sucrose gave the 2-tosylate and not the 3-tosylate as previously
claimed by I.Jeze ( Chem. Zvesti, 1971, 25, 369). Base treatment
of this gave 40Z 2,3-manno-epoxide (54), which was opened with a
variety of nucleophiles: in all cases the 3-nucleophilo-altro
product resulted (Scheme 9). With ammonium thiocyanate, the agetyl-
ated epoxide (55) gave the 2,3-allo-epithio disaccharide (56).
Imidazolylsulphonyl derivatives of carbohydrates and their reactions
are mentioned in Chapter 10.

°H2°g* CH,OTr

o
I HO
o) RO R=H -~ - P ~
RO o) CHyOTr R7 NV W
3 2 2 2
OR X S
(54) R=H
X =T N3, CS;NMe,, 56)(R=Ac
'(55) R=Ac SAcs, 2 2 ( )( )

Scheme 9
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5. OQther esters

The nature of ester formation between borate and D-mannitol, D-
glucitol, D-fructose and D-glucose in aqueous solution at pj 6 - 12
has been elucidated using B- and C-n.m.r. spectroscopy. In
order to better understand the action of a gluconate-borate eluent for
elution of anions from an anion-exchange resin, the structural
features of such solutions have been investigated by potentiometric
titrations and C-n.m.r. spectroscopy. 0 Reference to borate

esters as transport media in a model membrane will be found in

Chapter 2.

Selective protection of a primary hydroxy group can be effected
with allyloxycarbonyl chloride in pyridine at —3500: the product is
the mixed allyl glycosyl carbonate. Where a vicinal hydroxy group is
present, the product is the cyclic carbonate. Methyl 2,6-di-0~
methyl-3,A—Q—thiocarbonyl-ﬁ-D-galactoside (57) gave rise to the 3-
iodo-4-methylthio gulo-ester (58) on treatment with methyl iodide.
When the xX-anomer (59) was similarly treated the product was the 4-
iodo-3-methylthioester glucoside (60). Similar results were obtained

with the/G—L-arabino-cyclothiocarbonate. 1,2-Cyclic sulphites
CHpOMe CHOMe CH,0Me
0 0 MeS-C-0 0. oM 0
{ (57 x=0Me,Y=H R « 2
O 'SM
s 0 Y (59) X =H,Y=0Me I e OMe
OMe (58) 1 oOMe (60)

have been synthesized by treatment of reducing sugar derivatives
having free hydroxy groups on C-1 and C-2 with thionyl chloride in
pyridine. Regioselective thioacylation of glycopyranosides has
been achieved by means of the thioacyl chloride in the presence of
dibutyltin oxide. Methyl x-D-glucopyranoside gave mainly the 2~
phenylthionocarbonate {61) and some 6-ester with phenyl—thi@no—
carbonyl chloride, whereas the /f-anomer gave the 6-ester exclusiv-
ely. The same reagent and methyl A-D-xylopyranoside gave the 4-ester
exclusively, whereas the x-anomer gave a mixture of 2- and 4-esters.
The products were useful for reduction to the corresponding deoxy
sugars. Dibutyltin oxide has also been used to achieve regio-
selective phenylcarbamoylation of ribonucleosides (see also Chapter
20).

A one-pot synthesis of bromodeoxy carbamates has been achieved
using Viehe's salt followed by treatment with lithium bromide. Thus
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a 92% yield of the gz}g—A—bromo-B-carbamate (62) was obtained from
methyl Z—Q—methyl-p—L—arabinopyranoside. Zhe xylo (63) and manno
(64) derivatives were similarly prepared. Treatment of the 1,6-
anhydro-sugar (65) with trichloroacetyl isocyanate followed by
filtration throu%h alumina gave the corresponding unsubstituted
carbamate (66).

CHR0H CH,0Bn CHaBr
o 0. OMe MeNCO- 0
OH 0CNMe, Br o o7<%
HO OMe OMe OMe
oc(g)orh OCONMe,
1) () (69
0
0
Me,N-CH{OR), “CH,
i Q Me,N=CH “oR S/ °
e N= CR + ]
OTs 0-%‘“3R 2 R = \fi-g
(65) R=H (68) R= Me, Et,ete. L—-{og(
(66) R=CONH, (67) R=Au<3|, (9 R= R!

(10) R=R'

An efficient and stereoselective synthesis of 3,4,6-tri-0-acetyl-
«-D-glucopyranose 1,2-exo-alkyl ortho-acetates (67) has been achieved
using DMF dialkyl acetals (68) and tetrabutyl ammonium bromide on
acetobromoglucose. The DMF acetal from 1,2:3,4-di-O-isopropylidene
W-D-galactopyranose (69) was also prepared and used to synthesize the
mixed sugar orthoester (70).

The synthesis of halogeno~sugars via an improved preparation of
ey-'ic carbonates and sulphates will be found in Chapter 8 and the
synthesis of glycosides using these intermediates in Chapter 2.
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Halogeno-sugars

A review of reactions of carbohydrate acetals includes a section on
conversion of acetals into halogen derivatives. Reference to e.s.r.
spectra of radicals produced by dehalogenation of sugars is made in
Chapter 22.

1 Fluoro-sugars

The prepagation and reactions of glycosyl fluorides have been
reviewed. '
2,3,5-Tri-0-benzyl-D-ribofuranosyl fluoride has been synthesized

by the reaction of 2,3,5-tri-O-benzyl-D-ribofuranose with an adduct
of diethylamine and hexafluoropropene in dichloromethane. The re-
action, conducted under nitrogen,was complete in four hours at room
temperature and yielded 21.4% «-fluoride and 63.8% 4-fluoride. The
glycosyl fluorides are useful intermediates which can be reacted to
produce O- or (-glycosides. Thus a mixture of the anomeric protected
ribosyl fluorides reacted with the TMS derivative of vinyl alcohol
with boron trifluoride etherate catalyst to yield 90 - 95% of the X-

ribofuranosyl acetone (1); only traces of the A -anomer were present.
CH,0Bn
0

CHpCOMe
OBn OBn

Hexabenzyl-g-D-ribofuranosyl-g~D-ribofuranoside was obtained by re-
action of 2,3,5-tri-0-benzyl-D-ribofuranose, or its 1-trimethylsilyl
derivative, with the corresponding p-glycesyl fluoride. Per-0-
benzylated o- and B-gluco-, f-galacto-, and A-xylo-pyranosyl fluor-
ides have been prepared from the corresponding per-0O-acetylated
fluorides in 17 - 34% yield by phase-transfer catalyzed benzyl-
ation.

Attempts to prepare 2-fluorodeoxy derivatives from the free 2-
hydroxy compounds using the DAST procedure have resulted in glycosyl

84
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fluorides by a 1,2-migration. When methyl 3,4,6-tri-0-benzyl-«-D-
mannopyranoside was used, the product was a 1:1 mixture of the 2-0~
methyl «~ and g-fluorides (2). A similar result was obtained when
methyl 4,6-0-benzylidene-x-D-mannoside (3) was treated with DAST, the
products being the glucosyl fluorides (4). If pyridine was added to
the reagent, the 2-ene (5) resulted. A mechanism for the rearrang-
ement was proposed for the furanosides (6) (Scheme 1). Attempts to
prepare the 2-fluoride via the 2-triflate of (6) resulted in the 3-
azido-~-2-enohexose (7).

CH;OBn 0 0 0
0 o] (]
Ph Ph F_Ph
08n HO 0Bn
[¢] OMe o] 0 \=——/0Me
OMe BnO
4) )

®

Ng On ( 01'—5.’~NE¢
(6) R=Me or Bn r>ﬁ F
N3 (7)
Reogents: i, DAST ji, TF,0-Py; i, BuyNF
Scheme 1

A study of the 1,2-migration in the silyl derivatives (8) has
demonstrated that it occurs with thiophenyl glycosides and glycosyl
azides as well as methyl and aryl glycosides; the glycosyl fluoride
products were also converted to 0-, S-, N-, and C-glycosides (see
Chapter 2). When DAST was employed on 3,4,6-tri-g-benzyl-«,p-D-
mannopyranose (9), the 1,2-dideoxydifluoro-gluco-derivative (10) was
obtained gs a minor product together with the expected mannosyl
fluoride. Novel 2,6-anhydro-g-D-hexopyranosyl fluorides (11) and
(12) have been prepared by treatment of 1,6-anhydro-«-D-gluco- and
-galacto pyranoses. The migration of the anhydro bridge presumably

CHZOSL&ith CHZOBn CHZ0Bn Zl\
0 £ 0 o=5/0 (o]
osv+Ho OBnHO F 5 £
8) X=0Me,S5Ph,
( Na. O (10) (11) (12)

proceeds by an internal displacement of the intermediate 2-0-(di-
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10
ethylaminodifluorothio) derivative.

Application of the DAST procedure to the aldosulose derivative
(13) gave the 2,2-difluoro-compound (14) as an anomeric mixture from
which the separated anomers of the pseudonucleosides (15) could be

prepared as shown in Scheme 2. 1,3,4,6-Tetra-0-acetyl-4-D-manno-
OoMe . ,—oO
OMe 2, oMe 25
AcQ
OAc F
(13) (14) {15)

Reogents : i, DAST, Ui, 5% HCOH ; ik, Ac,0-Py;iv, TMS Uracil - BF3

Scheme 2

pyranose, on treatment with DAST in diglyme at 1000, gave a 77%
isolated yield of crystalline 1,3,4,6-tetra-O-acetyl-2-deoxy-2-
fluoro-D-glucopyranosge, which was readily deacetylated to the parent
2-fluoro-D-glucose. A study of the factors affecting the ratio

of 2-deoxy-2-fluoro-D-glucose and ~mannose derivatives formed in the
addition of gaseous acetyl hypofluorite to substituted glucal deriv-
atives (16) in various solvents showed that the polarity of the
solvent is more important than the size of substituents on the D-
glucal. The amount of manno-isomer ranged from 4% in non-polar

solvents up to 20% in the more polar media. Similar results were
CHyOR CH,0Ac
0 0
R OAc R
RO AcO

) (17) R = F(o-Gic, p-Man)
(16) R=H, Ac, Pr'co, Bz or OH

reported for the syn-addition of fluorine and acetylhypofluorite to
D-glucal and its triacetate, and the paper includes a rationale for
the F n.m.r. chemical shifts. Fluorination of tri-Q-acetyl-
D-glucal in water gave a mixture of the fluoro-derivatives (17),
which on treatment with hydrochloric acid gave 2-deoxy-2-fluoro-D-
glucose and -mannose, separable by chromatography. The F analogues
were similarly prepared. D~Glucal, D-galactal, and tri-Q-acetyl-
D-galactal have been stereoselectively fluorinated in water and water-
organic solvent mixtures using fluorine or 18-fluorine in nitrogen or
neon, yielding mainly the corresponding 2—dgoxy—2-fluoro-D-glucose
and -D-galactose derivatives respectively. Strong acid condit-
ions,glg: 5M methylsulphonic acid at 1100, cause interconversion of
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17
2-deoxy-R2-fluoro-D-glucose and -D-mannose. 2-Deoxy~2-fluoro-D-
glucose has been synthesized from the allyl mannoside (18) as shown

in Scheme 3. An improved synthesis of the 2,3-carbonate 19) was

used to obtain (18). A rapid synthesis of 2-deoxy-2-[ F]fluoro-
0 0 0 _ CHoOH
Ph o 0 Ph o o/\/ on o po g z N\ ) 0o
Vi N i iy
oo i owmo ) = o0 > {\OH OH
o) OMe 0 0 HO
(19) (18) (20) F
Reagents: i, KOBu!-DMS0, ii (1m);$03- NaH ; i, BuyNF-MeCN 1y, Hao™
Scheme 3

D-glucose using tetraethylammonium [18F]fluoride with the cyclic
sulphate1528é in yields up to 50% has been described by two other
groups. ? Methyl 2-acetamido-A-g—benzoyl—Z,3—dideoxy—2—flg?ro—
p-L-rhannoside (21) has been synthesized as shown in Scheme 4.
Conventional step-wise methods have been used in related preparations
of 3—az%go—2,3—dideoxy—2-fluoro- and 2-azido-2,3-dideoxy~3-fluoro

sugars.
0 CHa
PhL g }f—0 B20)—0 820 /0
HO - o, - @, — — 5 (Me
3 OMe Vv _z/ OMe OMe
2 ¢ 2 (
Ny E Ny, F AcNH F
Reagents: L, T,0-Py;li, BuyNF-DMF ;li, NBS ;iv, AgF ;v, Hy-Pa/C-Ac0 @)

Scheme 4

Reaction of 1,2-anhydro-3,4:5,6~di-0-isopropylidene~1-C~nitro-D-
mannitol with potassium hydrogen difluoride in anhydrous ethylene
glycol yielded 2-deoxy-2-fluoro-D-glucose; minor by-products arise by
epimerization at C-2 of the initially formed fluoro-aldehyde, and by
attack of solvent at C-2 of the intermediate nitro-epoxide. Part of
the synthesis is shown in Scheme 5.

ﬁHNOz ) o CHO CHO HO fo) 0

v u

CH —> — + +
| :q F F_{ \[j :J R = (o}

R R R R g © o

o e
Reogents: i, H30,-NaHCOy ; ii, KHF2-(CHa0H),
Scheme 5

3-Deoxy-3-fluoro-1,2:5,6-di-0-isopropylidene-«~D-glucofuranose has
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been synthesized by caesium fluoride displacement of the corresp-
onding allo-3-triflate and its crystal structure determined. 3-
Deoxy-3-[ FIfluoro-D-glucose has been similarly prepared.2

Two papers describe the reaction of 6,3-lactone derivatives with
fluorinating agents. In one, the 5-triflate (22) was subjected to
fluoride displacement and the product conyerted to 5-deoxy-5-fluoro-

D-glucofuranose as depicted in Scheme 6. In the second, 1,2-0-

CHp0H

0
£ F HO,
H& G Vv o 0 “
R OH OH H
OH

l,.

,*,o

[¢)
@)
Reagents: i, Bu,NF;MeCN ;ii, NaBHg ;iii, H30™
Scheme 6

isopropylidene-x-D-glucofurono-6,3-lactone was treated with DAST to
yield the 6,6-difluoro anhydride (23) and a lesser amount of the
inverted 5-monofluoride. 3,6-Anhydro-5-deoxy-5,6,6-trifluoro-1,2-
O-isopropylidene-g~L-idofuranose (24) was prepared from (23) by tri-
flate displacement methodology.

Enzymic synthesis of several hexose derivatives from dihydroxy-
propanone and glyceraldehyde derivatives included a preparation of
6-deoxy-6-fluoro-sugars. All four deoxyfluoro-w-D-glucopyranosyl
phosphates have been synthesized and their acid-catalyzed hydrolysis
studied. Fluorine substitution reduced the rate relative to the
parent sugar phosphates.

3-Deoxy-3-fluorosucrose has been synthesized by DAST treatment of
the diacetal (25), followed by deprotection. Reference to the
use of 3-fluoro derivatives of a tri-galactose trisaccharide to
investigate the binding site of an immunoglobulin is made in Chapter
4. Fluoro-sugar analogues of kanamycin A, daunomycinone, and
adriamycinone are mentioned in Chapter 19.

0 OCHs
0 (¢}
= 5.8
oM 0 (25) R=SiBuMep
0 -0 OR
0 OR

2 Chloro-, Bromo-, and Iodo-sugars

Crystalline tri-0-benzoyl-«K-D-ribofuranosyl chloride and tri-0-
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benzoyl-x-D-arabinofuranosyl bromide have been prepared by routine
methods. Glycosyl chlorides have been synthesized from 2,3-0-
isopropylidene-5-0-tributylsilyl-ribofuranose by reaction with
carbon tetrachloride: when tris(dimethylamino)phosphine was used at
-780, the X-chloride was produced exclusively, whereas triphenyl-
phosphine at 6700 yielded the f-anomer. Further examination of
the reaction of chlorine with the nitroglucal derivative (26) (see
Vol. 17, p.84) has demonstrated that the ratio of the glycosyl
chloride (27) to the glycosides (28) can be varied by using
different oxa- or dioxa-cycles as solvent and reactant. With dioxan,
the product was exclusively the xX-chloride (27), while use of tetra-
hydropyran, tetrahydrofuran, ethylene oxide or oxetan gave the
glycosides (28) predominantly. The addition of chlorine and
bromine to di-O-acetyl-L-fucal and ~L-rhamnal and their derivativies
has been further investigated (see Vol. 19, p. 181). Non-polar
solvents favour cis-chlorine adducts, and the C-6 substituent

L0(cHy) ¢t
NO or J

CL ¢
c
(26) (2'7) (28) n=2-5

appeared to affect the anomeric carbocation stabilization produced in
bromination. 4-Chloro-4-deoxy-galacto-sucrose has been prepared
by mesyl displacement at C-4 of sucrose.

Titanium(IV) bromide reacts with acyl-protected glucose derivat-
ives to yield glycosyl bromides. With N-acetylglucosamine derivat-
ives, an N- to Q-acyl rearrangement occurred._  Debenzylation accom-
panied reactions of O-benzyl-glucosyl esters. A rapid synthesis
of 2-[ Brlbromo-2-deoxy-D-mannose and -glucose from D-glucal by
addition of 82-bromine has been described. An alternative approach
uses BrCl with 3,4,6-tri-0-acetyl-D-glucal followed by deacetyl-
ation. The use of bromo-derivatives formed by photobromination
of 1,6-anhydrohexose derivatives is referred to in Chapter 5.

Treatment of the A-glycoside of the cyclic thionocarbonate (29)
with methyl iodide gave the 3-iodo~gulo derivative (30), whereas the
«~anomer (31) gave the 4-iodo-glucose derivative (32). 6-Deoxy-6-
.iodo-L-agcorbic acid derivatives have been synthesized by the same
method.

Reference to iodo derivatives of ascorbic acid is made in Chapter
16.
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CH,0Me CHaOMe CHaOMe
0/ —0x Mes-¢-0 0, 0Me o ©
é i
o] 0-C-SMe.
S Y 1 OMe
OMe I OMe OMe
(29) X =0Me,Y=H (30) (32)

(31) X=H,Y=0Me
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Amino-sugars

1 Natural Products

4-0-(2,6-Diaminoc-2,6-dideoxy-a-D-glucopyranosyl)-l-amino-1l-deoxy-
scyllo-inositol has been identifled as a metabolite of Streptomyces
ribosidificus SF-733 fermentation.1 5-Acetamido-3,5,7,9-tetradeox;
-T-formamido-L-glycero-L-manno-nonulosonic acid has been identified
as a repeating unit in the lipopolysaccharide of Pseudomonas
aeruginosa immunotype 6.2 The occurrence of aminosugar containing
antibiotics is reported in Chapter 19.

2 Synthesls

Syntheses covered in this section have been arranged according to
the starting point for introduction of the amine functionality.
The stereolsomers of 2,3,6-trideoxy-3-aminohexose (including
daunosamine, acosamine, and ristosamine) have again been major
synthetic targets, and syntheses of them and their 3-nitro-analogues
have been reviewed (262 references).3

D—[U-luC]Glucosamine has been prepared from labelled D-fructose
in a two step, one pot reaction (i, NH3—NHuCl—MeOH, 9 days, r.t.;
11, HOEC(CH2)3COEH—PhCO2H, 9 days, r.t.).u )

3,6-Dideoxy-3-(methylamino)-D-hexopyranosides have been syn-
thesized as standards for the identification of Rhizobium 1lipopoly-
saccharide units by g.c.-m.s. The D-gluco-isomer (1) was obtained
by the abnormal trans-dlequatorial ring opening of the D-allo-
epoxide (2), synthesized in 6 steps from methyl o-D-glucopyranoside

(Scheme 1). The C-2 and C-4 epimers of compound (1) were obtained
Me Me
0 , 0
b,k
—7 NHMe
BnO OMe HO OMe

0 OH

(2) D)

Reagente: L, MeNHo-ELOH 3 ik, Hy-Pd
Scheme 1

92
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5 The b-cyclitolamino-4-deoxy~

by oxidation-reduction procedures.
mannose derivative (3), and thence 1ts acetolysis product, which is

considered an analogue of the a—glucosidase inhibitor acarviosin,

Reo.gmzs i RNH;, U, Ac,0-Py ;iit, OH™ (RT);iv, OH (70°);v, NaOAC-HOAC
Scheme 2

was synthesized via epoxlide intermedlates as shown in Scheme 2.°
6-Aminoc-6-deoxy-L-1dopyranosides have been synthesized by opening
5,6~anhydro-L-i1dofuranose derivatives with azide.7

A novel variation on the Hanesslan-type reactlon of certain
benzylidene acetals with N-bromosuccinimide involves nelghbouring-
group participation by a trichloroacetimidoyl group in the opening
of an intermediate dioxolanylium ion. The reactlon has been
applied to the synthesis of the 3-amino-1,6-anhydro-3-deoxy-f-D-
gulose salt (4) (Scheme 3),8 the 3-amino-3-deoxy-D-xylose derivative
(5) (Scheme 4), and a 3—amino—3,6—dideoxy-L—a1tropyranoside.9

0 ] o
0 0 . B20 0 L HO 0
//o N

L
—_—
P N O *NHy OH
o) T 3
HN Y o
CCla cCls (4>
Reagents: i, NBS ;t,OH™;iii, H30™"
°a8 ‘ bt i Ha Scheme 3
CL3C 0 —CHp
O/PO OMe
K? — 7
CLaC OBz
0~-°
Ph (5
Reagent:i, NBS
Scheme 4

Sulphonate displacement reactions have been used to introduce
nitrogen functionality. 2-Amino-2-deoxy-D-arabinose has been
synthesized in two related nine-step procedures from methyl B,U—gg
isopropylidene-D-arabinopyranoside, involving reaction of a 2-0-
tosyl-D-riboside with either azide ion or hydrazine.lo A variety
of 1,6-anhydro~2-azido-2-deoxy~-B-D-glucopyranose derivatives, of
potential as glucosamine monomers in oligosaccharide synthesis, have
been obtained from the corresponding 1,6-anhydro-D-mannose 2-tri-
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flates 1n a facile reaction with azide (L1N3—DMF, 200, Tl min).11
6'-Acetamido-6'-deoxy~derivatives of melibiose have been synthesized
from methyl B-melibioside via displacement of a 6'-sulphonate with
12 1,2:3,4-Di-0-1sopropylidene-6-0-triflyl-D-galacto-
pyranose was used in the synthesis of 6-deoxy-6-(pyridinium

azide.

aldoxime)-D-galactoses, potential antidotes against organophosphate
poisoning (see also Chapter 10, Section 1).13
As a step towards the ezomycin nucleoside antibiotics which
contain 5-~amino-3,7-anhydro-5-deoxyoctulosonic acid units, the 5-
amino-5-deoxyoctose derivative (6) was 1solated chromatographically
as the major of three isomers from the reaction sequence shown in

Scheme 5.1

CHaNO, BnO, NHAC
o) CHO - 7
-+ O, iLind. NS
o] o><
o]
MeS\/O
Reosm: '1. KF-BuNL (1, Hy-Ni ;m,ACZO-MeOH 3iv, BnBr - NaH (6)
Scheme S

A variety of methods have been used for the preparation of 2-
amino-2-deoxypentose derivatives of different configurations.
Products with the D-xylo- and L-arabino-configurations were derived
by azidonitration of D-xylal and L-arabinal esters, respectively.
The D-xylo-product was converted into its D-ribo- and D-lyxo-
isomers by C-3 oxldation-reduction, and formatlon and opening of a
3,4-epoxide, respectively. The L-ribo-isomer was obtained through
reaction of a B-L-arabinopyranoside 2-sulphonate with azide ion.15
2-Acetamido-2-deoxy-5-thio-D-glucose has been synthesized from
commercially available 5-thio-D-glucose, by azidonitration of 5-
thio-D-glucal tetraacetate.16

Oxyamination of unsaturated sugars provlides amino-sugars, but
not always with good regloselectivity. The pent-3-enoside (7)

gave a ca. 1l:1 mixture of the 3— and M—amino—sugars (8) and (9),

(7> (8)
Reagents : i, Chloramine T- AgNO3- Os04 ; L, Ac0-Py
Scheme 6
respectively (Scheme 6). A related 4-C-methyl-pent-3-enoside
. 17

could not be oxyaminated. Oxyamination of an unsaturated

trehalose derivative is covered 1in Chapter 3.
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Allylic trichlorocacetimidates undergo thermal allylic rearrange-
ment to the corresponding trichloroacetamides (see also ref. 32), as
exemplified for an endocyclic (Scheme 7) and an exocyclic alkene

(Scheme 8). The ter-tiary amide (10) was converted in several steps
He ﬁ a Ph CI,OCCL3

HN OMe > r > NHTs

HN I~ce \{_)
=~ 3 CHZ Me
CCL3 /U\ 1
Scheme 7 C”zo (10) (1)

Scheme 8
18 N

to the vancosamine derivative (11). Alternatively, allylic tri-
chloroacetimidates can be used to provide cis-hydroxyamino-sugars
via iodoecyclization, as shown for the synthesis of ilodide (12),
which was converted to the L-ristosaminide derivative (13) (Scheme

cLe O O OMe . 0 OoMe KO 0 oMe
NV Me LN Y Me i Me
NH =N \ NH
— CLyC cLeco
(* t2) ' (13)
Reagents: i, Iodonium dicollidine perchlorale ; ii, BuySnH;iit, TSOH-Py-Hz0
Scheme 9
9). The corresponding L-daunosaminide derivative was obtalned by

applying the same sequence to the C-4 epimer of compound (lll).19 A

related iodocyclization of the unsaturated carbonimidothioate (15)
was used in the synthesis of (-) methyl ravidosaminide (16)
(Scheme 10). 20

Me
. 0
/ 1 —)' HO OMe
OEL A HO
NM!, NHMe
(15) (16)

Reagents: i, 1,-Na, €0y ; i, Zn-ELOH ; ik, MCPBA -MeOH ; iv, LAH
Scheme 10
The unusual nucleoside analogue (17) precipated from solution on
prolonged reaction (7 days, 40°C) of 2-deoxy-D-erythro-pentose with
NHPh
/Y N

Ay

oH
HO

the corresponding free base in an aqueous solution of tributyl-
ammonium phosphates; the intermediacy of a carbohydrate enal was
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postulated.21

Oximes can be reduced to amino-sugars with a variety of reagents.
Diborane reduction of the acetylated oxime (18), derived from L-
rhamnal, gave access to methyl N-trifluoroacetyl a-L-acosaminide

AcO O oMe . HO O OMe . O OMe
Me Lo Me vy Vi Me
HO
AcON NHCOCF3 NHCOCF,
(18) (19) (20

Reogents: i,BHy-THF ;ii, Resin (OH7) ;iii, (CF3C0),0 ;in,MEOH ; v, CrOy-Pyy Vi, LiBHBuY
Scheme 11
(19) and thence by an oxidation-reduction sequence to the L-dauno-
saminide (20) (Scheme 11); the synthesis of l-thio-analogues was
also described (c.f. Vol.1ld, p.72).%°2  The Red-Al reduction of
oxime (21) to the D-ribo-amine (22) (Scheme 12) was a key step in

o]
0 +5i0 0 oMe
Ph i 7 Me L U-v
-—_ - L "
0)\2__/OMe \3_.) N ( \3_2(
HON NHy o_0 o NHCOCF3
(21) (22) \E’/h
21 22
@5) (24) (29
Reagent : i, No.ALHZ (OCH,CHaOMe), Reagents: i Buki jii, NHaOH.HCL; li AcyO-Py; iv, BaHg - Ha0,-OH;
v,(CF3¢0),0
Scheme 12 Scheme 13
23

an improved synthesis of N-trifluoroacetyl-L-daunosamine. Regio-
isomers (23) of L-ristosamine and L-acosamine were obtained in a
L-ribo:L-arabino ratio of 4:1 by diborane reduction of the acetyl-
ated oxime of ketone (24), derived by fragmentation of the benzyl-
idene acetal (25) (Scheme 13).2"  5-Amino-5-deoxy-D-galacto-
pyranose (26) (or galacto-nojirimycin) has been synthesized in 12
steps from 1,2:5,6-di-0-isopropylidene-a-D-glucofuranose and con-
verted to 1ts l-deoxy-analogue 1,5-dideoxy-1,5-1imino-D-galactitol.

These compounds were reported to inhibit a- and B-D-galactosidases.

o] CH20H
OAC HO NH
0 —— oM OH
NOH 0)(
CH20Tr OH
(2'7) Scheme 14 (26)

The synthesls was based on the catalytic reduction of the oxime
(27), which ylelded a mixture of C-5 epimers from which both com-
pound .(26) and its L-altro-analogue were obtained (Scheme 14).25
Other anhydro-amino-alditols are covered in Chapter 18.
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Various epimeric a-amino-nitrile mixtures, contalning compounds
(28) and (29) in 4-10:1 ratios and separable by chromatography or
CN

Y
0 )—o (28) x = NR'R® | Y=H

(29) X = H, Y=NR'R?
%\0 ;0 R'=Me,Bn, PhCH(MO)-,
o R*= H, Me, Bn
erystallization, have been obtained from the corresponding 1,6-
dialdehydo-D-galacto- derivative under new mild conditions (aq.
NaliSO5, then RIRNH-NaCN) .
Several amino-sugar syntheses have used 3- and U-carbon chiral
starting materials. N-Benzoyl-L-daunosamine (30) has been con-
structed from the L-lactaldehyde ether (31) and methyl propiolate,

the key step being intramolecular Michael addition of the (Z)-

COZMe COZMB
o cozr')e CHZ 0
N I -k ﬁ S steps v-v'u'. M
+StO—i —_ < CH
/ N OH OSuEta SbEt_; "
Me +si0 0
NHBz
1) Me
(32) (33) (30
Reagents: i, HCZCCOgMe -LDA ;ii, CrOg ;iii, L-selectrice; iv, BuPOK;v, OH ;vi, BzCL Vi, BubALH
Scheme 15

homoallylic carbamate (32), which displays dramatlcally improved 1,3-
anti-diastereoselectivity of >100:1 in favour of compound (33),
compared with that observed with its (E)-analogue of ~5:1

(c.f. Vol.19, p.34) (Scheme 15).27’28 The D-ristosamine derivative
(34) has been synthesized from ethyl L-lactate via the L-lyxo-1,4-
lactone (35) (see Vo1.18, p.94) as shown in Scheme 16, the required

COoH
0 Lk NHCO,8n TN v-vni
0 —— | on
Me
HO
OH NHCO,Bn Me NHCO, Bn AcNH
(3s) (3¢ 34

Reagents 11, KOp- 18 Crown 6 5ii, HCL , i, PhgP- DEAD ; iv, BULALH | v, PhP=CHOMe Vi, MeOH-HCL; vii, Ac0-Py
Scheme 16
inversion at C-4 being achieved by application of the Mitsunobu
reaction to the acyclic dihydroxyacid (36).29 An alternative
synthesis of N-benzoyl-L-daunosamine (30) from the L-threose deriva-
tive (37), which 1is readily available from L-tartaric acid, involved
chelation~-controlled addition of a two carbon Grignard reagent,
introduction of the amino~function at C-3 with inversion, C-6 deoxy-
genation, and deprotection (Scheme 17).30
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CHO
r*'o<|>0R } 3|>N T steps (20)
CHy08n -
(31)  R=MeOCHy CH208n ©
Reagents: i, [-CHyMg ; ii, Phthalimide - PhyP-DEAD
Scheme 17

The synthesis of daunosamine from a bicyclic furan-adduct (Vol.l9
p.92) has been reported in full; on this occasion, chiral starting
material obtained by asymmetric induction from a (-)-camphanic acid
ester was used, and led to L-daunosamine.31 A synthesis of the

racemic daunosamine derivative (38) from 2,4-hexadien-1- ol (39) used
"CH,0H

L w-
R CLJC%NH u-v N CLSC(’;NH
/ o] / (o}

NHCOCCL, NHCOCCl,
(39) pL-(40) pL-(38) pL-(41)
Reagents : L, CLaCCN-NaH ;ii, PhSH- AIBN (8); i, 5€0,-Hy0, ; iv, (CF3€0),0 ; v, Cully- MeCN-Ho0 v, 0sO MeNO

Scheme 18
an allylic rearrangement (the Overman reaction, c.f. ref.19) as the
first step to introduce the required C-3 amino-functionality

(Scheme 18). cis~Hydroxylation of the alkene (U40), however,
produced a mixture of the desired (38) and the xylo-isomer (41) in
a 6:4 ratio. Alternative epoxidation of an intermediate (42) from
the above route led to the racemic ristosamine derivative (43),
AcO SPh / o
HO o L
K Me > /. — OH
CL,CCONH R — NHCOCCLs OH . Ho Me
NHCOCCL,
DL-(42) oL-(43) (44) oL~ (45)

while related procedures applied to 4-methyl-3,5-hexadien-2-one
(44) led to a mixture of the racemic vancosamine derivative (L5)
and its isomer epimeric at C-4 and —5.32

Racemic 3-amino-sugars have been synthesized through hetero-
Diels-Alder reactions of enaminones. Thus the major adduct from
enaminone (46) and ethyl vinyl ether was converted to the U-deoxy-
ristosaminide (47) (Scheme 19).33 Racemic 5,6~dideoxy-5-amino-
allose derivatives such as (48) have been constructed from the

hetero-Diels-Alder adducts of diene (49) with acylnitroso
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Me Me
=0 . O 0Er 0
phs<{ + ot ——s pns—( i, (M
\ "/ NHBz NHez /)
@e)
NHBz DL-(‘V’)
Reagents: i, PhMe- C H4(OH), (8); 1, BF4.0EL, ; iii, Raney Ni

Scheme 19

derivatives such as (50) generated in situ by oxldation of the
corresponding hydroxamic acids (Scheme 20)'34

CQ2Bn (50 CQ28n cH(oMe), Me Ac
N=0 N-0 OAc N OH
Me + CH{oMe), —> tﬁ;+ OAc _ﬁLq
N/
Me\=/CH(0Me), OAc AcO
(49) NHAC OAc OAc
Me m.-(49)

Reagents: i, 0s0,- °C"7"2¢ Lik, Hp-cak,, jiil, Ac0-Py ;iv, HCOoH-Ha0

Scheme 20

3 Reactions

Rates have been determined for the Schiff base condensation of 2-
amino-2-deoxy-D-glucose with pyridoxal in physiological solution,35
and with p-hydroxy- and p-methoxy-benzaldehyde in media of differ-
ing dielectric constant.36 The abllity of 2-amino-2-deoxy-D-
glucose, and more particularly its 6-phosphate, to cause DNA strand
scission by a mechanism considered to involve free radicals
generated during autoxidation of aminosugars in aqueous solution
has been studied.>'

Infra-red spectra of the anion, cation, zwitterion and deuterated
zwitterion forms of 1-deoxy-l-glycino-D-fructose, the glucose-
glycine Amadori product, show the product to be predominantly in
38 The synthesis, tautomeric equilibria in,

and Fisher glycosidation of various l-deoxy-1-[(2,2-diacylvinyl)

the B-pyranose form.

amino]-D-fructoses have been reported as part of a study on the use
of dlacylvinyl as an amino protecting group.39 The Maillard
reaction of D-glucose with DL-phenylalanine in water and n-octanol
has been stud:!.ed.u'0 The chemical and physical properties of sugar-
amino acid derived melanoidins have been evaluated, and a polymer
backbone derived from sugar moleties has been considered

probable.

As part'of a study of the behaviour of 2-acetamido-2-deoxy-D-
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glucopyranosyl reslidues during linkage analysis using the reductive
cleavage method, the reactionsof the permethylated derivative (51),

its a-anomer, and related derivatives were examined. While the 8-
CH;0Me

-
O oMe 1 . ‘.
OMe 1 4 & ° ., 1)~~0H
MeO 2 N= ( 2
N Me’+ Me e
Me” “Ac - M A
(51) o AN )

Reagents : i EtaSiH- MeaSLOTF-CHCly | i, NaHCO,
Scheme 21

anomer (51) yielded the free sugar (52), presumably via N-acetyl
group participation as shown in Scheme 21, the corresponding o-
glycoside was stable under the same condi‘cions.u2

The B-furanoside (53) is converted specifically (v95%) to the B-

0. OR CHOH cuon CH,O0H
. H
oH Y HO Ol OH HO 0 or
— OH  CH=OR OH
OH NHAc
CHoOH NHAc NHAc
(53)  R=~(CH) NHCOCF3 (54

Reagerbs: i, Resin (H*)-Hp0
Scheme 22

pyranoside (54) on exposure to strong acid resin in water; the
intermediacy of an acyclic carbcnium ion stabilized by the hydro-
phobic resin was postulated (Scheme 22). This observation per-
mitted a more efficient synthesis of 6-aminohexyl 2-acetamido-2-
deoxy-B-D-galactopyranoside from 2-acetamido-2-deoxy-D-galactose by
using a 4:1 mixture of pyranosyl and furanosyl chlorides for
Koenigs-Knorr glycosidation with a subsequent isomerization step.u3
Amino-sugar glycosides are also covered in Chapters 3 and 19.

The synthesis and immunological properties of MDP (N-acetyl-
muramoyl-L-alanyl-D-isoglutamine) and bacterial 1lipid A analogues
continue to attract considerable attentilon. A 'large scale'
(20-50 mmol) preparation of stereochemically pure muramic acid
derivatives, including a-amino-acid derivatives, has been achieved
from benzyl 2-acetamido-4,6-0-benzylidene-2-deoxy-a-D-gluco-
pyranoside. ih 1-8-, 6-0-Diacyl-l-thio-MDP analogues bearing one
or two lipophilic acyl moleties have been reported, 45 and 2,3-
diaminoglucosyl analogues of MDP are covered in Section 4. The
KDO-glucosamine disaccharides (55) have been synthesized and shown
to be 1lipid A analogues,us’Ll7 as have 2-(acylamino)-6-0-(2-amino-
ethyl)phosphono-2-deoxy-D-glucoses acylated with acetic or DL-3-
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CHyOAc

AcO CHa
AcO © c'028"/ 0 (55) R= Cjp-0-Cyy o»
0A OH -
< o OR C14-0-Cyy lpids
/
0=p(0H)2 NHR

hydroxytetradecanoic acids,u8 and 1,5-anhydro-2-deoxy-4-0-phosphono

-3-0-tetradecanoyl-2-[(3R)- and (33)-3-tetradecanoyloxytetradecan-
amido]—D—glucitol.ug By chemically coupling a lipophilic l-deoxy-
MDP analogue with an analogue for the non-reducing subunit of 1lilpid
A via a succinate bridging unit esterifying the 6-hydroxy groups in
the two monosaccharide components, Hasegawa and co-workers have
produced a range of efficient antitumor agents with strong immuno-
adjuvant properties.so
3-Alkylamino~-3-deoxy-D-alloses and -D-glucoses have been
synthesized and shown to have plant growth regulatory properties,
the 3-laurylamino-derivatives being the most active for promoting
growth at low concentration.51 N-Alkylation of the 2-amino-2-
deoxy-U,6-0-ethylidene-B-D-glucopyranoside moiety of the anticancer
agent etoposide was achieved by reductive amination (NaBH3CN) of
various aldehydes, and a,B-unsaturated esters and nitriles. of
the 10 examples, the 2-dimethylamino-analogue displayed signifi-

cantly enhanced activity.52

The abnormal conformation adopted by
methyl 3-deoxy-3-dlallylamino-oa-D-altropyranosides 1s discussed in
Chapter 21. Byproduct formation in the Hakamorl methylation of
acetamido-alditols is covered in Chapters 18 and 24.
2-Acetamido-2~deoxy-D-glucopyranose peracetate has been converted
into the corresponding oxazoline derivative by reaction with tri-
methylsilyl triflate, and the methodology successfully applied to

53 Condensation of

the synthesls of a tetrasaccharide analogue.
2-deoxy-2~1sothiocyanato-a-D-glucopyranose tetraacetate with a
variety of amines gave the corresponding 2-(alkyl or -aryl-thilo-
ureido)-derivatives, which were cyclized to thiazoline derivatives
such as (56) in high yield.su The e.1.-m.s. of 2-methylthio-
glyco-oxazolines 1s covered in Chapter 22.

A one-pot high yieldlng conversion of primary and secondary
carbohydrate azides into phthalimldo derivatives has been effected
using phthalic anhydride, a quaternary ammonium catalyst and tri-

55 or better triethylphosphine,56 the reaction

phenylphosphine
proceeding via formation of phosphinimine (the Staudinger reaction).

Methyl 2,3,6-trideoxy-3-(dimethylamino)-B-L-xylo-hexopyranoside
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CHa0AC
0 0 B20 0 1 9
Me Me e OH
AcO 5 HO OMe OMe HO
NS o AcNK F NHCOCF;
*B7
(56) (57) (58) (59

(57) has been synthesized in 6 steps from methyl 4,6-0-benzylidene-
2,3—d1deoxy—3—tr-if‘luoroacetamido—u-D—arabino—hexopyranos1de,57 while
the 2-fluoro-acosamine analogue (58) has been obtained from a 3-

58 In both cases the required C-6

azido-3-deoxy-D-1idose derilvative.
deoxygenatlion and C-5 inversion were achieved by the Hanessian
reaction of a 4,6-0-benzylidene acetal with N-bromosuccinimide,
elimination of the resulting 6-bromide, and hydrogenation of the
5,6-double bond. The 2-methoxy-daunosamine analogue (59) has been
synthesized by hydrolysis of an approprilately substituted 2-0-methyl
-B-L-galactofuranosyl fluoride, obtalned unexpectedly on treatment
of a methyl oa-L-talcofuranoside derivative with DAST (see Chapter
8).59 Racemic methyl 3-amino-3,4-dideoxy-a-erythro-pentopyranoside
(Vol.15, p.124) has been resolved by coupling of O-methyl-L-tyrosine
or phenylalanine to the amino-group, and separation of the diastereo
~1somers.
6-Amino-6-deoxy-D=-altronic acid along with its lactone (60) have
H2N3 CH2N3 CH2N3 CHZNHZ

(61) (62) (60)
Reagents: i,BzCL-Py i, HY-MeOH yiii, M§CL-Py; iv, NaOMe-MeOH ; v, NaOH ; Vi, HJO* Wwid, By, Vi, Ha-cab
Scheme 23

been syntheslzed from the 6-azido-6-deoxy-D-glucose derivative (61)
(Scheme 23). In opening of the epoxides (62), the a-anomer gave
exclusively the D-altro-lsomer shown, whereas the B-anomer gave D-
altro~ and D-gluco-isomers in the ratio 5:#.61

2-Amino-2,6-dideoxy-D-glucopyranose-6-sulphonic acid (63) has
CHy$05
o
OH OH
N3

been synthesized from 2-amino-2-deoxy~6-thio-g-D-glucopyranose
pentaacetate by oxidation (H202—H0Ac) and acld hydrolysis and
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shown not to be the 2-amino-2,6-dideoxyhexose-6-sulphonate present
in a Halococcus sp. cell wall hydrolyzate.62

Branched-chain amino-sugars are covered in Chapter 14.

4 Di-, Tri-, and Tetra-amino-sugars

Purpurosamine B (64), isolated as its bis-N-(benzoyloxycarbonyl)
derivative, has been synthesized from 2-amino-2-deoxy-D-glucose in

Me Me
CHO OMs HoN
50 Lid VORI °
-_— —_—
OMe OMe
NPht|

(6s) "Phe (e4) NH2

Reagents: i, MeMaBr ;ii, MsCL-Py; iii, NaNg ; tv, Ha-Pd/C ; v, NaHg
Scheme 24

14 steps, the key steps being chelation controlled chain-elongation
from aldehyde (65) and introduction of the 6-amino-function by
azide displacement with inversion of sulphonate (Scheme 21). A
double C~6 inversion sequence provided 6-epi-purpurosamine B.63 In
the syntheses of N-(2-acetamido-2,3-dideoxy-D-glucopyranos-3-yl)-
glycyl-L-alanyl-D-isoglutamines, MDP-analogues (c.f. Section 2,
ref. .Ul and 45) which contain a 2,3-diaminoglucose unit, the required
3-amino function was introduced by reaction of benzyl 2-acetamido-
4,6-0-benzylidene-2-deoxy-3-0-mesyl-a-D-allopyranoside with azide
under improved conditions (NaN3—EuuNHSOu—DMF), and subsequently
N-alkylated with ethyl bromoacetate. Alkylation of related 2~
acetamido-3-amino-glucoside derivatives with ethyl D- or L-2-bromo-
proplonate provided access to analogous (glycos-3-yl)-D- or L-
alanyl dipeptides.65 Di- to tetra-amino-disaccharides of the o,a-
trehalose type, including 3-amino-3-deoxy-oa-D-altropyranosyl 3-
amino-3-deoxy-a-D-altropyranoside, and 2-amino-2-deoxy-3-amino-3-
deoxy-, and 2,3-diamino-2,3-dldeoxy-a-D-mannopyranosyl 2,3-diamino-
2,3-dideoxy-a~D-mannopyranoside, have been synthesized, the amino
groups being introduced by standard methods.66’67

Racemic dlamino-xylo- and lyxo-pentono-lactones (66) have been
obtained from butenolide (67) via the tricyclic epimine (68) as
shown in Scheme 25. The 2,3,5-triamino-analogues were also
reported.68 3-Amino- and 2,3-diamino-D-xylono-1,l4-lactone
derivatives are reported in Chapter 24,

A platinum complex of a dlamino-sugar is covered in Chapter 17.
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CHROH CHZOAc
0
0 —————+ —_——
= AcNH  NHAc
oL-(67) m.-(es) DL-(66)

Reogents: i,COCLy ; ik, NaNg ; iii, CHyCL, (125°) 5 iv, NaN3-HNy
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10

Miscellaneous Nitrogen Derivatives

1l Glycosylamines

2-Acetamido -2-deoxy-R-D-glycopyranosylamines have been synthesized
by reaction of the free sugars [i.e. GlecNAc, GalNAc, and B-GlcNAc
(1 » 4)GlcNAc] with ammonium bicarbonate, and 1l-N-acylated with
amino-acid derivatives to give glycopeptide models.l N-Glycosyl
derivatives of cyclopentylamine, 1,2,3,4-tetrahydro-l-naphthylamine
and 5o-cholestanyl-3-B-amine have been synthesized and reduced
(NaBH3CN) to the corresponding 1-(substituted amino)-l-deoxy-
alditols.2 Seven 4-(B-D-gluco- and xylo-pyranosyl)aminopyrimidine
derivatives have been characterized spectroscopically and their
crystalline forms subjected to thermal analysis.3 Reactions of L-
arabinose, D-xylose, D-galactose and D-glucose with N-methylaniline
and its p-methyl- and p-methoxy-derivatives 1in methanol have been
studied 1n the presence and absence of acidic catalyst. Glycosyl-
amines formed initially underwent rapid transformations including
the Amadori rearrangement and subsequent methyl glycosidation.u

The acid-catalyzed hydrolysis of N-aryl-D-pentopyranosylamines
has been re-examined, a bimolecular A-2 mechanism involving
formation of a Schiff base intermediate being suggested. The
lability of the C1-N bond increased with configuration in the order
xylo<lyxo<ribo<arabino and with the base strength of the parent
amine (i1.e., for para-substituents on the N-phenyl-moiety,
NO2<Cl<H<Me).5 Condensation of glycosylamines, e.g., B-D-gluco-
pyranosylamine, with methyl 3-methoxy-2-nitroacrylate yielded methyl
3—(§-glycosylamino)-E-nitroacrylates.6 Mass spectral studies of
acylated glycosylamlnes are covered in Chapter 22.

Pyridinium aldoximes N-linked to C-1 or C-6 of hexoses or to a
3-carbon aglycone unit of a glycoside have been synthesized as
potential antidotes of organophosphate poisoning; thus the N-
glucosyl derivative (1) was obtained from acetobromoglucose.7

Reaction of D-xylose wlth tetracyanoethylene and ethanol in
liquid hydrogen fluoride gave the bicyclic glycosylamine derivative

106
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CHLOH CHp0H CH,OH
o ./ \ o 0 N GOt
OH N OH HO = cN
HO By N o)
T CH=NOH o)\/cc’zﬂ o
CN
(1 (2 ()

(2) in 92% yield. D-Ribose and D-lyxose similarly gave furanoild
products in good yield, while D-arabinose and D-glucose gave
mixtures containing a furanoid and a pyranoid product. D-Fructose
gave the spiro-bicycle (3) in 39% yield along wilth two other
isomers.

A new synthesis of 0O-acylated glycosylamines and a transformation
of the products into glycosyl isothiocyanates and thence N,N-di-
glycosylthioureas have been reported (Scheme 1).9 Other N~

RNH  COpEE .o i CHy0AC
= ——> R-NH3Br ——» R-N=C=§ — R-NHCNH-R 0
CO,EL g R= e.g,
OAc
. . AcO
Reagents: i, Bry-CHCLy 1, CLaCS i, RNH2 oA
c

Scheme 1

glycosyl-thiourea derivatives have been synthesized by condensation
of various acetylated glycosyl isothiocyanates with 2-aminobenzo-
thiazole derivatives,lo with aminopropylsilica gel to form chiral
11 and with
Cyclodehydration in the thiourea

h.p.l.c. phases capable of resolving enantiomers,
prenacylamine derivatives.12
aglycone of the latter condensation products led to 5-aryl-2-
(glycosylamino)thiazole derivatives. The tetracyclic N-ribosyl-
thiourea derivative (4) was obtained in 80% yield from 2,3-0-iso-
propylidene-5-0-tosyl-D-ribofuranosylamine (by reaction with
OHCCH2CH2NCS Et3N in CHC1 ) and yielded in part the anomerized

product (5) on deprotection (HOAc-H,0) .

CH OH CH,05:%
z (CH2)4CH (NHAQ)COH 200 =
HOCH
/‘K ZU . Kosa
~+5.0 ~/ NTs
7’
o]
(4) (5) ©) )

Several studies on the Maillard reaction have been reported,
some being covered in Chapter 9, sectlon 3. Glycoaldehyde and
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methyl glyoxal have been Implicated as important sugar fragmentation
products in the initial stages of the browning reaction of neutral
and alkaline sugar-amino acid solutions. Bis(alkylamine)
derivatives of methyl glyoxal have been detected from the reaction
of glucose with alkylamines.lu’15 The formation and reactivity of
l-alkyl-3-oxypyridinium betaines, which arise from the reaction of
pentoses, hexoses and disaccharides withprimary amines or amino-
acids, have been studied, e.g., the lactose - Né—acetyl—lysine
product (6).16 Melanoidins formed from D-xylose and glycine have
been characterized by solid state 1H and 13C—n.m.r. spectroscopy.17
An 1.r. study of sugar-aminoacid melanoidins and of a pseudo-
melanoidin produced from sugar only has been reported.18

Bicyclic B-lactams, e.g. (7), have been obtained from [2+2]cyclo-
additions of isocyanates to glucals.19 (Further detalls of the
reactions are gilven in Chapters 13 and 24.)

2 Azido-, Azi- and Diazo-sugars

Azido-sugars are often used as intermediates in the synthesis of
amino-sugars (see Chapter 9).

2,3,4-Tri-0-acetyl-oa-D-ribopyranosyl azide has been obtained from
reaction of the corresponding B-chloride or -bromide with sodium
azide in HMPT; analogous displacement without nelghbouring group
participation to give a 1,2-cis-product was also observed in the

20

reactlon of the D-xylo and D-lyxo-chlorides. 1,2-trans-Glycosyl

azldes wilth a free hydroxy group at C-2 have been obtained from 1,2-

cyclic sulphltes as exemplified 1n Scheme 2.2l
CH0B2 CH20Bz
BzO (o} . Bz0O 0 N3
12
oz —_— 08z
Q
+
- H
0 54-‘0- o

R L -DMF
eaqents : L, NaN3-DM Scheme 2

Displacement reactions of 2-(N-imidazolylsulphonate) esters of
mannoslde, galactoside, and lactoside derivatives with azlide gave
mainly ring contracted products along with some products of direc?
displacement. Thus the benzyl a-D-galactoside (8) gave the epimers
(9) and the 2-azido-2-deoxy-D-taloside (10) in 40 and 17% yield,
respectively (Scheme 3).22 Direct displacement did occur, however,
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CHa0” N o N 0 N
0 0 . 0 o) 0
v
Q > 0™<0 * 0 N
OBn N3 OBn
050N SN 0Bn
(8) =/ ) (19

Reagents : i, BugNN3z - Phfte.
Scheme 3

in the reaction of 1,6-anhydromanncse 2-triflate derivatives (see
Chapter 9, ref. 11). 4-pzido-U-deoxy-D-galacto-sucrose has been
synthesized from hepta-0-pivaloyl-sucrose having a free 4-hydroxy-
group via sulphonate displacement.23 2-Azido-2,3-dideoxy-3-fluoro
-D-allo-, gluco- and manno-pyranose and 3-azldo-2,3-dideoxy-2-
fluoro-D-altro-, gluco- and manno-pyranose derivatives, required
for the synthesis of B-fluorinated a-aminoacids, have been syn-
thesized by conventional means, the azido groups belng introduced
by elther epoxide ring-opening or triflate displacement reactions.2u
Methyl 6-azi-6-deoxy-D-glucopyranoside (11), suitable as a
photoaffinity compound for labelling carbohydrate-binding proteins,
has been synthesized from the corresponding 6-aldehydro-glucoside
(1, NH3; ii, NHZOSO3H; 111, Iz)i the D-galactoside analogue and

rlwl\ CHz0Ac CHa0H
CH
N~ Oc¢cN < COH 0, COCHN,
0 A t,u 1 (]
OAc ? OH
OH AcO b HO
HO OMe Ohc OH
H () (12
1
(1 ) Reagents: i, HBr~HOAc  il, NO3- CHaCly ; iii, 07 NMe~CLCO Me ; v, CHaNp |
v, NaoMe- MeOH
Scheme 4
25

the two free sugars have also been obtalned. Other compounds
useful as affinity labelling reagents, the diazomethyl glucosyl
ketone (12) and its B-D-galactopyranosyl analogue, have been
synthesized from the corresponding peracetylated B-glycosyl

cyanides, e.g., (13), as shown in Scheme 4.

3 Nitro- and Nitroso-sugars and Glycosyl Nitrones

Syntheses of 3-niltro-2,3,6-trideoxy-hexoses have been covered in a

review.27
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1-Deoxy-l-nitro-derivatives of pentoses and hexoses, including
g-D-glucopyranose [i.e., (14)], B-D-mannopyranose, 2-acetamido-2-
deoxy-B-D-glucopyranose, B-D-galactofuranose, and B-D-ribofuranose,
some partially protected, have been synthesized from the correspond-

ing oximes as exemplified for the glucose derivative in Scheme 5.28

CHL0H CHyOH

O NHOH J@ Q
NO
A 2

a NO2 T AcO e /

Y — )
. o " + (14)
Reagents: i, 0,N{HCHO - HY; ii, Og ;ill, Ac,0-H
Scheme 5

(s

The peracetylated l-deoxy-l-nitro-sugars gave 1-C-nitroglycals
elther spontaneously or on base-catalyzed B-elimination, as shown
for the 1-C-nitroglucal (15) in Scheme 5. Addition of ammonia or
amines to some of these 1-C-nitroglycals gave 2-amino-2-deoxy-1-C-
nitrohexose derivatives with an axial C-2 substituent, e.g., the

2-acetamido-2-deoxy-D-mannose derivative (16) (Scheme 6).29

7\ OAc NOp —— ><;OHA<;HN>-
(&)

Reagent: i , NH3

Scheme 6

The 2,3~dideoxy-3-nitro-sugar (17) has been synthesized from 1,2-
0-isopropylidene-D-xylose via the known 3-nitropentose (18)
(Scheme 7), a similar route from 1,2:5,6-d1-0-isopropylidene-a-D-

CHo08z CHa08z CHa0H
o - 0 o o
LN OMe ¥ o OMe
Q —

No, o~ NO, NO2

(18) Qa7)
Reagents: i, Resin (H*)-MeOH ;i MSCL-EtaN ,iii, NaBH4 | iv, NaOMe- MeOH, then NHqCL-Hz0

Scheme 7

glucofuranose yielding the corresponding uronic acid.30 A stereo-
selective route to D-rubranitrose (19) was demonstrated by conversion
of alkene (20) to the branched-chain amino-sugar (21)(Scheme 8),
since the conversion (21) » (19) has been reported before. The
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-~

4
Me Me
0 v'v,. HO N3 )
e Lo e NHAC NO,
HO\2.__/OM W) Me " (@ o e (19)
Me Me N/—N \> HO
(20) 2 NHz No,,_
Reogents : i,MeaNCN-NaH; ii, HQ(OCOCF3), ; lii, NaBHg ; iv, Ba(oH),; v, Ac;0-Py (22)

Vi, KOH-EtOH ; vk, MCPBA
’ Y Scheme 8

31 Another

branched-chain nitro-sugar (22) was also synthesized.
synthesis of D-rubranitrose and the branched amino-nitro-sugar
methyl a-D-tetronitroside 1s covered in Chapter 14.

A review has been published on the work of Vasella's group on
asymmetric induction in 1,3-dipolar cycloadditions of, and the
addition of phosphorus nucleophiles to, N-glycosyl-nitrones, with

the purpose of providing a general synthesis of a-aminophosphonic

acids.32 The sugar nitrone (23), available from D-gulono-1,4-
o, CHoNHCO,Bn
o) N=CHC02M0. OH NHp O Me
3 —— HzN\/-\}\/U\N,N\/cozH
H
0.0 coMe
X R=‘)C> J (29
R
0" (23) (29
Reogent : i, z~~NHCO,Bn Scheme 9

lactone, yielded a 2:3 mixture of cycloadducts (24) with high
stereoselectivity at the 5'-centre, the aglyconic moiety of one of
the isomers being used for the synthesis of (+)-negamycin (25)
(Scheme 9).33 Full details and an expanded scope have been
published for the highly diastereoselective Diels-Alder reactions
of the 1-C-nitroso-D-mannofuranosyl chloride (26) with various

o CO,Et
><O 0] N=0
O><b
CL
(26) Me (e7)

dienes to prepare, after removal of the chiral auxiliary, dihydro-~
oxazines such as (27), which was obtained 1n 96% e.e., but with
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undetermined absolute configuration (c.f., Vol.18, p.108).3u

4 Nitriles, Isonitriles, Oximes and Hydroxylamines

1,2-0-(1-Cyanoethylidene)-a-D-galacto-, a-D-gluco-, and B-D-manno-
pyranose trilacetates are irreversibly and stereoselectively
isomerized (by BF3.OEt2 in MeNOZ) to the corresponding peracetylated
1,2-trans-glycosyl cyanides, with only small proportions of the
1l,2-cis-glycosyl cyanides being present. The glycosyl cyanildes
were not susceptlble to anomerization under the reaction con-
ditions. These observations led to a detalled examination of four
routes for the improved synthesis of peracetylated aldohexo~
pyranosyl cyanides: 1) rearrangement of 1,2-0-(l-cyanoethylidene)-
derivatives, 11) initial conversion of peracetylated glycosyl
bromides into mixtures of 1,2-trans-glycosyl cyanides and their
1,2-0-(1-cyanoethylidene)isomers [Hg(CN)2 in MeN02], with sub-
sequent rearrangement [BF3.OEt2 in MeNO,], 1i1) a 'one-pot' con-
version of 1,2-cis- or 1,2-trans-aldohexopyranose peracetates
(using Me381CN-BF3.OEt2 in MeNOz), and iv) a fusion reaction of
peracetylated glycosyl bromides with mercury{II) cyanide (85°,
20 min). Route 11) was considered the method of choice for pre-
parative syntheses of cyanides with the B-D-galacto, 6-deoxy-B-L-
galacto, 2-deoxy-2-phthalimido-B-D-gluco, and a-D-manno con-
figurations. Yields for the B-D-gluco analogue were relatively
low for all methods, but the highest (39% and 12% for the 1,2-
trans and 1,2-cis isomers respectively) were obtained using route
1v).35

The aforementloned reagent system (i.e., Me351CN-BF3.OEt2) was
shown to convert certain glycosyl fluorides firstly into glycosyl
isonitriles which then rearrange to glycosyl cyanides. While
2,3,4,6-tetra~-0-benzyl-a-D-glucopyranosyl fluoride gave exclusively
the a-nitrile (85% yield), 2,3,5-tri-0-benzyl-g-D-ribofuranosyl
fluoride gave a n1:1 mixture of anomeric nitriles.36

Reductlon of five peracetylated 1,2-trans-aldopyranosyl 1so-
thiocyanates with tributyltin hydride at room temperature without
a radical initiator gave the corresponding isonitriles in good
ylelds (58-76%). Under forcing conditions (Bu3SnH—PhMé-AIBN,
reflux) the 1,5-anhydro-D-alditol peracetates were obtained in
good yilelds. No 1somerizations to the glycosyl nitriles were
detected in these reactions.37 The MeBSicN—BF3.OEt2 reagent can
also be used to prepare non-anomeric cyano-sugars from derivatives
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containing ketone, benzylidene acetal, or oxiran groups. The
ketone (28) thus gave the protected cyanohydrin (29) (Scheme 10)

[¢] CHy0Ac
(0] 0
Ph i i
A CN Ach 0, A ROH 4
3 OMe c t 2
0 *’\i—') 3 2 \g—'/
0 NHAc OSiMes CN
(28) (29 (39 (31
Reagents: i, Me3SLCN - BFy.OEt,- DMF Reagents: i, Me;3SiCN-BFy OEty-MeNOy
Scheme 10 Scheme 11

while the epoxide (30) gave the product (31) of "dlequatorial" ring
-opening (Scheme 11), participation by the 4-acetoxy group being
suspected.38 The preferential attack of this reagent on a 4,6-0-
benzylidene molety rather than an epoxide group 1s covered in
Chapter 5. 6~Cyano-6-deoxy-D-glucose derivatives (32) have been
prepared in good yield from the corresponding 6-bromides using
tetrabutylammonium cyanide (prepared in situ from BuuNBFu—NaCN-DMF-
MeCN). Yields were low, however, in the case of the UY-0-benzoyl
analogue, presumably due to intramolecular attack on the 6-cyanide
by the 0-U4 anion. Attempted generation and alkylation of a C-6
carbanion from compound (32) even with LiNiPrz, NaH or BuLi as base
was unexpectedly unsuccessful, only starting material being
recovered.39 The conversion of a 6-aldehydo-galactose derivative
into a pair of a-aminonitriles is covered in Chapter 9.

CHaCN CHa0H ><o
o) o o 0
LOR
OMe OH N
RO OMe HO Q
OMe OH HONH O~
(32) R=Bn or CHO(CH2),0Me (33) R=H,CONHPh,CONHMe (34)

The inhibition of emulsin by the oxime derivatives (33) of D-
glucono-1,5-lactone (¢.f. Vol.19, p.115) has been reported.uo A
range of 3-deoxy-3-(hydroxyamino)furanose acetals, e.g., (34),
have been prepared by reduction (NaBH3CN—MeOH-HCI, pH 2-3) of the
corresponding 3-keto—oximes.ul

5 Hydrazines, Hydrazones, Osazones, and Related Heterocycles

Aldose-aminoguanidine condensation products have been prepared and
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thelr structures determined by lH-, 13C—, and 15N—n.m.r‘.
spectroscopy. At pH 6 they exist as N-glycopyranosyl-amino-
guanidines with a protonated, equatorial aglycone [e.g.,as shown for
the D-glucose-derived (35) in Scheme 121, while at pH 12 in DMSO

they exlst as the tautomeric acyclic E-carboximidamidehydrazones

(e.g., 36)."2
CH0H " CH=‘N\N <NH2
. = - =N
o NH-NH=<NH2 OH NH, X 0 (37) X,Y= =NNHTs
OoH 2 — HO 03(0 OMe (38) X = NHNHTs,
HO OH Y Y = P(O)oMe),
OH OH (39) X=-NHNHTs,
(35) CHaOH (3¢ Y= P(0)(OMe)Ph

Scheme 12

The L-erythro-pentopyranosid-4-ulose tosylhydrazone (37),
prepared in four steps from D-lyxose, gave the phosphorus bound
sugars (38) or (39) on treatment with dimethyl phosphonate or methyl

phenyl phosphinate, respectively.qB

Benzylidenation of the phenyl-
osazone of dehydro-L-ascorbic acid [to give the 5,6-acetal (40)] and
of 1ts C-5 epimer derived from dehydro-D-isocascorbic acid was shown
to yield products with the 1,4-lactone ring intact.uu A further
study has been reported on the formation of 3,6-anhydrohexose phenyl
-osazones on alkaline treatment of acetylated hexose phenylosazone

45

derivatives. The D-lyxo-hexose and L-erythro-pentose osazones
(41) could be regioselectively nitrated (NaNO,-HOAc or isopentyl
nitrite) on the non-acetylated phenylhydrazone moiety to give com—

pounds (42), or acetylated (Ac 0-NaOAc) to give compound (43).

Ac
o] CH=N-NZL
Y~Ph Ph CHzo Ac cuzom
o N-NH—@‘R
0 CHOAc
o (GHord
CHa0Ac
M HO
N N—N (4) R=H n=2x3
N-H  Ph : " NHEn
on’ (40) (42) R=NOy,n=2 3 45) (a6)
= OA =2
(43) R=OhAc,n CHEOH
49

Ferric chloride oxidation of D-galactose U-(p-chlorophenyl)thiosemi-
carbazone ylelded the 1,3,4-thiadiazole derivative (U44), the sugar
chain on which could be reduced to a formyl group by perilodate

cleavage. 47
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6 Other Heterocyclic Derivatives

A new synthesis of oxazoline derivatives such as (45) by action of
trimethylsilyl triflate on the corresponding peracetylated sugar has
been successfully applied to an oligosacc}‘zalﬂide.u8 Thiazoline
derivatives,e.g., (46), have been obtalned from 2-deoxy-2-isothio-
cyanato-a-D-glucopyranose tetr’aacetate.u9

Spiro- and bicyclo-nucleoside analogues have been obtained as
shown in Schemes 13 and 14.°0

N ;
B . A, Me
HaN~_CN - h
CHo0Bz ! / OMe U\ A ome

0. HN® CN
\ " CH,08Bz N eN
2 CN -
\u&_, I w ° I
—
OBz 0Bz ’1>=N N NTeN
\
Reagents: [, 2eq.DDQ: U, NaOMe ;lii, 1e5,.0DQ ; iv, 1£¢. N8BS 0Bz OBz
Scheme 13
HZN]:CN CN  CN N N
JCH=N-~CN KA B20CH, N&(
0Bz P \Y u _N
OBz ' <4
OSiMey
CHp0Bz OBz OBz

Reagents: i, NBS ; i, TsCl- 1,4- diazabicyclo[2.22] octane
Scheme 14

Various imidazole-2-thiones (47) have been obtained from the con-

densation of l-alkylamino-l-deoxy-D-fructoses with methyl or phenyl
isothioecyanate (c.f. Vol.19, p.113).51

S Ph

e S X L@

(47) R Me or Ph

(CHOH)
?=Me ,PrP or Hex" |
CHOH CH20H
L (48) (49)

The conformational changes induced by O-acetylation of the poly-
hydroxyalkylpyrazolol3,4-bJlquinoxalines (48) have been studied by
H-n.m.r. and c.d. spectroscopy; they are considered to be due to
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disruption of the HO<1l' and N-2 hydrogen bonding shown.52’53 A
'one-pot' synthesis of compound (49) from the reaction of D-iso-
ascorbic acid, g-phenylenediamine, and 4-fluorophenylhydrazine and
1ts cyclization to an analogue of compound (48) have been

described,Bu as have reactions of dehydroascorbic acid analogues

with grphenylenediamine.55
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11

Thio-sugars

1-8-(S-Alkyldithiocarbonates) have been obtained by the thermal or
Lewis acid rearrangement of perbenzylated glucosyl xanthates. Thus
the S-methylxanthate (1) gave the thiocarbonate (2) on treatment with
boron trifluoride-etherate at 650 in toluene. By-products of the

CH,0Bn
o et
o8n ! ? 1)
BnO (o] 5 ~ SYS Me
0Bn gme ¢}

(" @

reaction were the alkyl 1-thio-m%- and A-D—glucosides formed by com-
petitive capture of the methylthiolate ion. Acetobromogalactose has
been converted into the methyl 1-thio-galactosides in a synthesis
which involved the displacement of-the glycosyl bromide using thio-
urea. The A-anomer was conventionally converted into the 6-aldehydo-
derivative (3), which was used in a Wittig reaction to produce the
chain-extended product (4), an intermediate in the synthesis of linco-

mycin analogues.

COyMe
CHO H B 0 0
o} O 5Me 0 0 sMe 0 o I
O i \F, OI ; \ — RS CiaMas
OH OH o} 0
®) (4) (5) ©

Michael addition of thiols to levoglucosenone (5) in triethylamine
gave_the 4-alkylthio-3-deoxy-2-uloses (6) in yields greater than
80%.

In an investigation of the participation of ring sulphur atoms in
displacement reactions, the 1,2-0-isopropylidene-2,3-di-0-mesyl-5-
thio-ribo- and -xylopyranoses (7) and (8) were treated with various
nucleophiles. The products included 5-substituted-4-thiofuranoses
(9) and (10) as well as the 4-substituted-5-thiopyranoses (11) and

118
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(12) in varying ratios, showing the intermediacy of the sulphur
atom in the displacement (Scheme 1). 5-Thio-D-allose {13) and its

(]
=S
o]
Q
Rz 0\ R o
CH,X 1 2
1_ 2 _ 11)R'«H,R = OMs
(TR =H,R*=0Ms X = N3, 0Bz, SCN, OMe,CLBr (Q)R1=H'Q2=QM5 (1) ; 2
(8) R'=0Ms,R*=H (10)R"=0Ms, R?=H (12) R=OrMs,R7=H
Scheme 1

methyl pyranosides {(14) have been synthesized as shown in Scheme 2;5
the corresponding D-altrose derivatives (15) and (16) were also pre-
pared using a related procedure. Azidonitration of 2,3,6-tri-0-

OH (15) OH (16)

acetyl-5-thio-D-glucal (17) has been used to prepare 2-acetamido-2-

0 0
0 ACS ><S ) ><s 0
SoMs - ‘: 5

CH,0H cHaoH A7 oW 0T
QOMQ,‘Y.— Q’

OH OM OH OH

(14) (13)

Reagents: i (NH3)3CS-MeOH ik, Ac,0- NaOAe jii Me,C(OMEO,~MeOH - H* | iv NaOMe ; v, Ac;0- DMSO
vi,NaBH, ; vil, HOAe-H,0 ; viti, MeoH-H™
Scheme 2

deoxy-5-thio-D-glucose (18) and -mannose (19) (Scheme 3).

cnzoAc CH,OH CHOH
K Ohc > Q‘ K OH ACH{>
() (18) NHA (19

Rcagon.ts: L, NaN3- Ce(1V) NH, (NO3) 3 i, Na.OAC- HOAC; i, PEOy- A0~ MeOH-Hy ; iv, MeONa-MeOH

Scheme 3
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Treatment of xylo-pentodialdo-1,4-furanose (20) with 2-methyl-
propane-2-thiol followed by acetylation gave the products (21) to
(24) in 6.1, 5.9, 2u.1, 3.8, and 1.7% yields respectively.

CHO CH(SBuY), SBut SBut SBut
0 o t” 3 s s s
OH OH OAc SBuw OAc OA :
OA
OAc A Ohc  acoN\[ /58w AcO\ . /SBut
OH OAc Ohc OAc OAc OAc
(20 €3)) (2 (23 (@9 (29

b-§—(5-Acetamido-3,5-dideoxy—D-g;ycero-er-galacto—Z-nonulo-

pyranosylonic acid)-6-thiohexopyranosides, i.e., (2+6)-linked di-
saccharides containing an «-linked 2-thio-N-acetylneuraminic acid,
have been synthesized by the condensation of the sodium thiolate
(26) with appropriate bromosugars in DMf followed by deprotection.
For example, the é-thioglucoside was prepared by the route depicted
in Scheme 4.

sz\"
0

OAc

OMe
OAc
OAc
(2¢)
Reagents: i, DMF ; i, NaOMe-MeOH ; ill, KOH-H20; iv, Resin- H*

Scheme 4

A reinvestigation of the reaction of 5,6-anhydro-1,2-0-isopro-
pylidene-x-D-glucofuranose with phosphorothioic acids, (Et0) P(S)OH
(see Vol. 14, p.57), has shown that the products are an equilibrium
pixture of the esters (27) - (29). In the case of the diethyl-
phosphorothioic acid, the cyclic ester (28&) predominated if ethanol
was continually azeotropically removed from the reaction mixture.
More vigorous conditions gave the episulphide (30) irreversibly.

CHpS5-P(0)OR), RO, .S CHaSH
P S
HO— 0 0* o 0 (RO),PO 0 0
OH A OH o OH OH
(o} Q Q
o~
0 0 0
@7 R= Et,Ph (29 (29 )V (30) )V

Reference to novel sulphur-containing sugars as components of
antitumour antibiotics is made in Chapter 19.
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Deoxy-sugars

Another unusual sugar residue, the U,6—dideoxy—3-gfmethyl—D-ribo—
hexosyl moiety (1), has been encountered in a cardenolide glycoside

from the leaves of Anodendron affine.l A 2D lH-n.m.r. study of

digitoxose has appeared.2

Me CH,0H CHOR CH,OR
0 o_ © 0 0. OMe
X - or [0)
OMe
OMe OH OH Y o}
) (2) x=D,Y=H @ (s)
(3) x=H,Y=D R = 4-methoxytrityl

Specifically deuterated 2'-deoxy-purine and -pyrimidine-
nucleosides (2) and (3), required to simplify the Hon.m.r. spectra
and permit 2H—n.m.r. spectroscopy of nucleosides in DNA molecules or
segments, have been obtained through reduction (LiAlDu) of epoxides
(4) and (5), respectively; selective attack at C-2 vs. C-3 (ratio
9:1) was encouraged by the bulky 0-5 protecting group. The
required inversion at C-3' in the synthesis of (3) from (5) was
achieved by mesylate displacement.3

Further modifications and applications of Barton's radical
deoxygenation procedure have been reported. The use of 1,1'-thio-
carbonyldi-2,2'-pyridone has been promoted for derivatizing second-
ary hydroxy groups, since the biproduct in the subsequent reduction
(with Bu3SnH—AIBN) is the neutral and water soluble 2-pyridone. In
this way dlacetoneglucose was converted to the thiono ester (6) and
thence the 3-deoxy-derivative (7) in 78% overall yield.u Prepara-

>KO CH,0Ac CHa0H
o 0 0/—0 . » . ©
X %o - s, T
Q OMe OMe
o~ S 3 s
OAc OH
(6) x= OC@N): ) Reagenli : i, P(OMe), ; i, MeONa.- MeOH ; i, Hg-Pt-MeOH
(M) x=H ©
Scheme 1
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tive procedures for the same corversion via radical reduction of the
3-xanthate ester in 70% overall yleld have been detailed.5 3-Deoxy
-sucrose has been syntheslized similarly via a 3-xanthate
derivative.6 Deoxy~sugars have been synthesized by sequentilal
regloselective thiocacylation (Bu25n0 then PhOCSCl1l), acetylation, and
radical deoxygenation (Bu3SnH). Methyl a-D-glucopyranoside gave
mainly the 2-0-phenylthionocarbonate ester and thence a 2-deoxy-D-
arabino-hexoside. Methyl B-D-xylopyranoside gave exclusively the
2-ester and thence the corresponding 2-deoxy sugar, while 1ts o-
anomer gave a mixture of 2- and lY-monoesters and thence 2- and 4-
deoxy sugars. Pyranosides with cis-vicinal diols gave cyclic
thlonocarbonates. 3,4-Thionocarbonates were obtained from Me a-D-
Gal-p, Me B-D-Gal-p, Me B-L-Ara, and Ph a-L-Ara, and on reduction
these gave mixtures of 3- and l4-deoxy-compounds. Dideoxy-compounds
could be obtained from these cyclic thionocarbonates via alkenes as
exemplified in Scheme 1.7

2-Deoxy~3-0-methyl-D-arabino-hexose has been synthesized 1n 5
steps from methyl a-D-glucopyranoside, the key step being photo-
chemical deoxygenation (254 nm, HMPT-H,0) of the 2-pivaloate (8) to
2-deoxy-sugar (9). Isopropylidene but not benzylidene acetals are
stable to these deoxygenation conditions.8

o Me CHqBr
>< Y 0 HO 0
OMe OH +— Br=0
o OMe HO
X OH OH
(8) X =0c0Bw (10) (1)

(9 X=H

Deoxygenation can also be effected by reductive dehalogenation of
halo-sugars derived by sulphonate displacement reactions. Such a
strategy has been employed in conventional syntheses of 6- and 6'-
deoxycellobiose from phenyl or methyl B-cellobloside via 6- or 6'-
1odides,9 4-deoxy-sucrose via 4-chloro-4-deoxy-galacto-sucrose

10 and N-acetyl-Y-deoxy-D-neuraminic acid via a 4

heptapivaloate,
1odide. !

Chapter 16. Halogen atoms can be 1ntroduced into sugar lactones

Syntheses of the latter compound are further covered in

on reaction with hydrogen bromide in acetlc acld. 2,6=-Dideoxy-D-
ribo-hexose (10) was obtained by reduction (i, H2—Pd/C—Et3N; 11,
disiamyl borane) of the 2,6-dibromide (11) obtained from D-allono-
lactone. Application of the same route yielded 2,6-dideoxy-D-xylo-
and lyxo-hexoses from D-gulono-l,4-lactone and D-talono-1,4-lactone,
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respectively.12

6,6'-Dideoxy-sucrose has been synthesized reglospecifically from
sucrose by synthesis (2,2'—dipyridyldisulphide-Ph3P) and reductive
desulphurization (Raney Ni) of 6,6'-dideoxy-6,6"'-bis(2-pyridylthio)
sucrose. 3

6~Deoxy-L-guloside (12), and thence the parent sugar, has been
synthesized from the mannoside (13) (Scheme 2). The required C-5

inversion was achieved by formation and hydrogenation of the hex-5-

CH,1 CHy
5 o
o S 0
v L V W Me Me
0Bz B0
z ! AcO OMe
Bz0 OMe
(13) (4 , OBz OBz
Reagents : i, AgF - Py ;i , Hp-Cak. (1 ) (15)
Scheme 2

enoside (14), an ~4:1 ratio of inversion to retentlon being
attained, depending upon the catalyst. An analogous synthesis of
f-deoxy-L-taloside (15) from a methyl a-D-allopyranoside derivative
was also achieved.lLl
3,6-Dideoxy- and 3,4,6-trideoxyhexopyranose and 3,6-dideoxyhexo-
furanose derivatives, obtained from L-rhamnono-1,5-lactone by
sequential benzoylation with f-elimination, hydrogenation, and di-
borane reduction, have been studied by 13C-n.m.r. spectroscopy.15
Deoxy-sugars can also be derived as a consequence of a one-
carbon chain extension reaction. 2-Deoxy-D~-arabino-hexitol (16)
was obtained from the pentitol (17) through conversion into a
Grignard reagent and formylation; oxidation to 5-deoxy-D-threo-
hexulose (18) was effected using immobilized cells of Glucono-
bacter oxydans (Scheme 3).16 The 3-acetamido-2,3,6-trideoxy-sugar

CH,OH CHoOH ICH20H ?H20H
o o 0 CHa CHp
L-iv v .
o LN oM OH _Y _, HO _Yi_, WO
0. HO OH OH
O>< OH o}
CH,OH
(‘7) CH20H 2
(1) (18
Reagents : i, Tbromo-imidazole - imidazole - PPhy ; i, Mg-THF ;iii, HCOaLL |, v, HCO,H- EEOH- H0 v, NaBH4,
vi, Gluconobacter oxydans Scheme 3

(19), a derivative of D-ristosamine, was obtained in four steps
from the pentose (20) via condensation with a Wittig reagent
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(PhP=CHOMe) . 17

e cHO R R
Y o 0. OMe HO~L OH
‘e OH 4 _— : . :
AcO OMe v
NHAC HO  NHCO28n 050 (22) R=Me (23)
(19) (20) (@ () Ru(i} =9

Scheme 4

Addition of methylmagnesium iodide to hepta—g—benzyl—6—aldehxdo-
sucrose-ylelded a mixture of B-D-fructofuranosyl-7-deoxy-D- and L-
glycero-a-D-gluco-heptopyranosides ('6-C-methylsucrose'). The

analogous '6'-C-methylsucrose' was similarly obtained from a 6'-
aldehydo-sucrose derivative.18 The addition of organometallic
reagents to methyl 2,3-0-isopropylidene B-D-ribo-pentodialdo-1,4-
furanoside (21) has been examined (Scheme 4). Whereas methyl-
lithium and methylmagnesium iodide gave the D-allo- and L-talo-
isomers, (22) and (23), in a 2-3:1 ratio, respectively, 2-lithio-
1,3-dithiane gave almost exclusively (97:3) the non-chelation
product, D-alloside (24). Reductive desulphurization of (24) gave
(22). The L-taloside (25) could be synthesized in modest yield by
5-sulphonate displacement with inversion by benzoate.19

Enzymatic condensations have been used in the synthesis of deoxy-
sugars. The production of l-deoxyketoses using cell free extracts
of micro-organisms, this time Bacillus subtilis, to induce an

acyloin-type condensation of an aldose with pyruvate, acetoin, or
methylacetoln, has been further examined (c.f., Vol.18, p.123).
Pyruvate dehydrogenase and acetoin dehydrogenase have been impli-
cated from studies with mutant strains lacking these enzymes.20
5-Deoxy~D-fructose l-phosphate was produced by aldolase-catalyzed
aldol condensation between dihydroxyacetone phosphate (generated
in situ from D-fructose 1,6-diphosphate via combined catalysis of
the aldolase and triose phosphate isomerase) and 3-hydroxypropanal.
This product, after hydrolytic removal of the l-phosphate, was not
converted to 5-deoxy-D-glucose with glucose isomerase since the
equilibrium lies exclusively on the side of the ketose. 6-Deoxy-
D- fructose was produced analogously using L-lactaldehyde as the
aldehydic component; 1in this case glucose isomerase yielded a 1:4
21,22 The

synthesls of 3~deoxy-D-glucose by the same approach was claimed,
22

mixture of 6-deoxy-D-fructose and 6-deoxy-D-glucose.

but no details were presented.
Deoxy-~sugars have been elaborated from 3- and l-carbon chiral
materials. 4-Deoxy-L-threose and -erythrose dithioacetal deriva-
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tives, (26) and (27) respectively, have been synthesized from the

L-lactic acid derivative (28) (Scheme 5). The stereoselectivity
CH(sR),
OH
ik HO
CH(sR) = (26)
COyEL o
Foq 4 o CH(sR),
Y
MeO Me MeO Me \k, HO R = é@-Me
HO
2 2
( 8) ) ( 9) Me (27)
Reagents : i, LLCH(SR), ; ik, BujALH ; iti, 510, (chrematog,) ,
v, NaBHg
Scheme S5

achleved in the reduction of the ketone intermediate (29) to (26)
was reversed on prior removal of the 3-0-protecting group.23 L-
Rhodinose (30) has been synthesized from the diepoxide (31),

available in six steps from D-tartaric acid (Scheme 6). The
epoxlde (32) was also converted to (+)-epimuscarine iodide in 3
s’(:eps.zl4
Q8n - Qen L 0
1/\/’ L, AN — ’ LN Me OH
e} s X
OH HO
(31) (32) (30
Reagents: i, Li BHEE, | ii, BnBr -NoH-BuNI ; i, N\~ MgCL- Cul jiv, Li- NHy(L); v, Oy, then MeS )
vi, MCL
' Scheme ©

Tartrate esters also feature as the chiral reagents in the
Sharpless asymmetric epoxidation, a reaction applied in the syn-
thesis of deoxy-sugars. Two groups have epoxidized divinyl
carbinol (33) and converted the resulting mono-epoxide (34) into
the 2,6-dideoxy-sugars D-olivose (35), its 3-0O-methyl ether (D-
oleandrose) and 4-0-benzyl ether, and into D-digitoxose (36) and
its 4-0-benzyl ethers (Scheme 7).25’26 Epoxidation of the meso-

vu, Vil
~ “")* 0B
OH _,\|»: 1 (35)
.
iy, Lx,x xt OH
(23 (34) OB Wik
Reagente: i, Tu(om-% diethyl L-ta tartrote - BufOaH | i, LAH, f

i, BABr-NoH 3 iv, 0504~ O__N+0;v, NaI0, ; Vi, f\,sm._, TiCl; OH  (36)
Vi, Li-NHa(L) ; vid, Og ; i, TsCL Py, x, KyCOg ; xi, CHy=CHMgBr- our

Scheme 7
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divinyl glycol monobenzyl ether (37), derived through reductive
dimerization of acrolein, was used in the synthesis of D-digitoxose

g N CH,OH
OBn 08n 4 iv CHgsn vvi (36
OH OH OBn (26)
P~ 0 oan

Me
(37)
Reagents : i, Ti(OPr)4- di-lsopropyl L- tartrate - BuFOpH ; ik, NaBH3CN-BFy ; i, NaH-Bnbr; v, BHy-Me,5, then NoOH-H30p¢

L vi, Hy-Paje.
v, PDC y vi, Hy-Pajc Scheme 8

(Scheme 8).°7  L-Chalcose (38) was obtained by epoxidation of the
racemic divinyl glycol derivative (39) with an L-tartrate reagent
(Scheme 9), its D-enantiomer being obtalned by use of the

corresponding D-tartrate ester in the kinetic resolution.28
X AN \
BnG ) BnO . BnO L o
OH —1—3 oH ——» OH Hovi, MeHO OH
P CHy
q° HO.—I OMe
(39 Me Me (38)
Reagents : i, Te(OPri),- diethyl L-tartvate - ButOyH jii, Red-AL ; iii, Og,thenMesS ; v, BrOH-HCL;v, MeI-NaH
Vi Hp-Pelfe Scheme 9

Racemic 2-deoxy-ribo-~hexose (40) has been obtained via vicinal
hydroxylation of one double bond of the meso-divinyl glycol deriva-
tive (41) (Scheme 10), 6-deoxy-DL-talose being obtained in a related
fashion from the starting material (42), derived from reductive
dimerization of crotonaldehyde.29

R N CHa0H

A » OBn 0
OBn v 0Bn i -v R OH
oen 08n HO

/

r (41)R=H

CHa0H OH
oL~ (40,
(42) R=Me (49
Reagents:i, 0sO4- D\CM U, BnBr-NoH;iil, BHa.Me,$ then NaOH-Hz0, ; iv, PCC ;v, Hy-Pa/C

Scheme 10

A variety of racemlc deoxy-aldoses and -ketoses, including
oleose, digitoxose, 2-deoxygalactose, 3-deoxyfructose, and 1,3-
dideoxyfructose, have been synthesized from dienes (43) (Scheme 11).
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Regloselective dipolar cycloaddition of a silylni‘crona’ce or nitrile

CH,0H
/’) w Y
R OH
R=H
OH

=H, cozm Me,CH OAc, CHoCO Me DL_ ( 44) oL- (45)
R?= €O, bt CH(OEL), ,CHz08n, Me

’°5“”“ Jik, RCNO iii, 0504~ Hy0; ; iv, Hp~ Pa/C

Scheme 11

Reagenks: L, CHp=NJ

oxlde to the terminal double bond, followed by stereospecific
hydroxylation, ylelded the 2-isoxazolines (U4l). Catalytic
reduction of these gave the desired deoxy-sugars, as shown for 2-
deoxyribose (1&5).30

Enantiomeric derivatives of boivinose (2,6-dideoxy-xylo-hexose)
have been synthesized in 96:*4% ee, using the selective enzymic
hydrolysis of the L-epoxide in the racemic mixture (46) by microsomal

Me

=0 ] . G - - ~ T
+ 0B —» 4 OBu¥ 5 4«_ Y 4<]0- + ‘
\ /_ s Pt . ) 05

" H ¢
Reagents: i, 4 (150°¢,4h); ii, BH3.Me,$, Hhen Hz0,-NoOH | 0 OBy’
Ni, MsCL-Py | iv, KOBUY-DMSO; v, MCPBA jvi  MEH’ 47) 0

Scheme 12

epoxide hydrolase ('MEH') (Scheme 12). Enzymatic hydrolysis
yielded the L-glycoside (47), while the unhydrolysed D-epoxide (48)
gave the D-enantiomer of (47) on alkaline hydrolysis.31

An anhydrodideoxyalditol is covered in Chapter 24.
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Unsaturated Derivatives

1l Glycals

Activated zinc/silver-graphlte, used in tetrahydrofuran, efficiently
converts acetal-protected and acetylated glycofuranosyl and glyco-
pyranosyl halides into glycals -~ at least on the modest scales
(2.2 mmol ) reported. The method has particular potential value
for preparing furanosyl glycal derivatives.l
The exocyclic alkene (1) has been prepared from the corresponding
ketone by Wittig and Peterson olefination. When excess of the
lithium salt of ethyl trimethylsilylacetate was used,the conjugated
glycal derivative (2) was produced; it can also be obtained from

(1) by treatment with base, e.g., potassium tert—butoxide.2

° o CH,0H
0, o 0
Ph Ph
Me [s) / HO
CHCOREL CHCO,EE
m (2 ®

The chiral diol (3) can be made by hydrogenation of tri-0-acetyl-
D-glucal or of its isomer 1,4,6-tri-O-acetyl-2,3-dideoxy-oa-D-erythro
-hex-2-enopyranose (both, it 1is suggested, by way of the 3-deoxy-
glycal intermediate) followed by deacetylation.3

The factors, especlally the solvent polarity, that influence the
syn-addition of fluorine and acetylhypofluorite to D-glucal and its
triacetate have been studled. A 95:5 ratio of 2-deoxy-2-fluoro-D-
glucose to -D-mannose was obtained following reaction of the hypo-
fluorite in trichloromethyl fluoride with the triacetate. A
rationale for the results and for the 19F n.m.r. chemical shifts of
the products was provided.u Further related study of the additilon
of chlorine and bromine to di-0-acetyl-L-fucal has shown that cis-
related chlorine adducts are favoured in non-polar solvents and that
substituents at C-6 appear to affect the stabllization of the
anomeric carbocations in the case of the bromination reaction.

[2+21Cycloaddition of some isocyanates to D-glucal derivatives

130

5
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affords B-lactams (4) in high yields (Scheme 1). With trichloro-

CHyOR' ]

© R S VAR

. OR' / 1
RO 2 N<Y o} (4>
.

1 —0

R = TMS,TBDMS, Me 2 />-—CCI.3
Reagents: i, TSNCOor CCl3CHaOSONCO; O (o
i, CClaCONCO )

Scheme 1

acetyl isocyanate, however, some of the 6-membered adducts (5) are
also formed, especially after long reaction times.6 Similar
studifs using di-0-acetyl-~xylal or rhamnal and trichloroacetyl
isocyanate have led to compounds (6) and (7).7

AcO O_NH
Me
(o)
OAc

™
Treatment of tri—g—acetyl—D—glucal with trifluorcacetic anhydride
and ammonium nitrate gives lsomeric 2-deoxy-2-nitrato-glycosyl tri-
fluorocacetates which, with base, undergo very efficlent Grob
fragmentation as indlcated in Scheme 2. Glycal esters with 3,l4-cis

CHzoAC CH OAC CH,0Ac
o OCHO
n i
OAC OAC CC LN
Z‘OH AcO \=—=
NO,

Reagents: L, NH4NO,- (CF:’OO)ZO Vi, OH
Scheme 2
-related groups react with less efficiency, and glycals themselves
and 3-0-methyl derivatives, both of which have poorer leaving groups
at C-3, do not take part in this degradation.8
An improved method of oxidizing the allylic hydroxy group of D-

CHzoAc CH20A< CHZOH CHy0Ac
0 CHO
! ? E: Me 0
(10

ngents. i, HCECH-hv i, anm.‘, y i, MeLi ; iv, HCOaH
Scheme 3
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glucal (PDC 1n ethyl acetate, acetic acid) gives the enone 1n about
50% yield.9 The diacetate (8) of the product undergoes photo-
chemical addition of acetylene, to give the cyclobutene (9) (also
in 50% yield), which was converted as shown in Scheme 3 into com-
pound (10), which represents the carbon skeleton of the B/C portion
of the trichothecenes.lo

Reference 1is made in Chapter 3 to the synthesis of C-glycosides
from glycal derivatives by use of palladium adducts, and related
work leading to 2,3-unsaturated C-nucleosides 1s reported in
Chapter 20.

Somewhat unusually, glycal derivatives have been 1solated from
natural sources, compounds (11) and (12) (absolute configurations
uncertain) having been found in Dianthus and Saponaria specles,
respectively.11

Me
R 0 1) R'=0H RZ=H
7

2 O (12) R'=H, R*=0H

ﬁ-D—GloE
Interesting developments are taking place 1n the area of 1-
substituted glycals. 1-Tributylstannyl derivatives have been used
toprepare l-alkylated compounds and hence C-glycosides (e.g.,
CH,O0R CH,08n CHy0Bn
0, 0 0O Me
il v,y N\ i, vii
OR / - OBn / SnBu; ——» />—Mc —_— OBn
RO BrO = BnO
R = SiBuiMe, OH

Reagents: i, KOBU® -BuLi-BuySnCl; i, BuyNF ; i, BnBr-KH ; v, Buli ;v, MeL ; vi, BHy ; vil, Ha07- OH
Scheme 4

Scheme 4; aldehydes lead to l-hydroxyalkyl Q—glycosides),12 and

methods have been found to effect dilrect alkylation and geminal C-1

bisalkylation with allylic rearrangement. Scheme 5 1llustrates

CHZ0R CHy0Ac CH,0Ac
[o] . [¢) 0 VY
- W
OR / - OAc / e
RO AcO AcO\— N
R = SiButMe,

Reagents: i, Buli-Cul- #-Br | i, BugNF ;iii, Ac0-Py; iv, (4»)3“- TiClse
Scheme 5

these processes for alkylation; other alkyl groups were also
Introduced. 13

1-Lithiated glycals, e.g., (13), can be made by direct metalation
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using butyllithium; treated with alkylation agents they afford 1-
alkylated products, e.g., (14). Otherwise, lithiation and
alkylation can be effected as shown in Scheme 6.lu

CH,0R CHp0R
o
OR B OR {
R'= Me, Allyl
RO / RO / » Al
(13) (14)
CH,0Bn CH,0Bn
OgPn L N W A PN W ° 4
OBn —_ / SO,Ph  — />—SnBv.3 e />—Ll — O8n / R
8n0 « < - BnO
08n
Reagents: {, MCPBA U, Buli ;iii, BugSnH jiv, Rix
Scheme 6

The vinyl sulphone (15), made from the corresponding 2,3-0-iso-
propylidene thioglycoside, did not give products of Michael addition
but 2-alkylated products, e.g., (16), on sequential treatment with
methyllithium and methyl ifodide.l?

AN
+5i0 9 (15) R=H CHa08Bn
Me

t
/ S0,8u (16) R=Me 0 0 (17) R=H

0Bn SPh 48) R=Li
OH R BnO / ( )

R
Lithiatlon of the phenylsulphinyl glycal (17) (obtained from the
oxidized thioglycoside by treatment with LDA) occurred at C-2 to
give compound (18) and afforded access to C-2-branched-chain com-
pounds (see Chapter 14). 1-Nitroglycals are available from the
corresponding saturated compounds under acidic or basic conditions
and can be used to give 2-amino-2-deoxy-adducts (Chapter 10).

2 Other Unsaturated Derivatives

Fraser-Reld has reviewed his more recent developmental work using
2,3-unsaturated carbohydrate derivatives.1
Methyl magnesium N-cyclohexylisopropylamide, made from lithium
cyclohexylisopropylamide and methylmagnesium bromide, acts as a very
efficlient base catalyst to effect the isomerization shown in
Scheme 7.17
The effects of pressure, temperature and solvent on asymmetric

induction in the [U4+2]cycloaddition reaction of 2,3-0-isopropylidene
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CHaOTr CH,OTr
o] [e]

(o] OMe HO \—=o-/0Me
Reagent : i, MeMg N(CGHH)PY‘;’
Scheme 7
-D-glyceraldehyde and l-methoxybutadlene have been investigated.
The four diastereomers were pr‘oduced;18 equilibration favours the

product (19).19
°
0

(19)
——/ QMe
"Levoglucosenone" (20) has been isomerized to "isolevoglucos-

enone" (21) as indicated in Scheme 8 and shown to degrade to an oxo-
pyrylium species (22) with which it gives the adducts (23).20 An

[¢) o] o 0
0 0 0 y °
e, X%y o " oXu
\ AcO ~ .
BnO —_— —0
o (21 0-
ele)) \ /
(22)
Reagents : i, BnOH ; i, NaBHy ;iii, Ac0-Py ; Iv, Hy- Pd/C (23) %

v, PCC ;vi, BugNOAc ; vil, A + endo-isomer

Scheme 8
addition reaction applied to a derivative of a 2,3-unsaturated
aldono-y-lactone has afforded access to the anthracene-based com-
pound olivin (Chapter 24).

The interesting generalization has been proposed that,while 1,2-
cis-related methyl 3,4,6-trideoxyhex-3-enopyranosides react with
diethyl azodicarboxylate, triphenylphosphine and benzoic acid to
give products of SN2 displacement, the trans-related isomers react
by the SN2’ path to give access to 2,3-unsaturated ilsomers
(Scheme 9).21

0 HO o] O oMe - 0, OMe
M “" L’Ll Lu M
\Me LU HO A Lu Me \Me HO — A ) e
OMe —V ——/0Me — HO
OH OH

Reagents: i, DEAD- PhyP - PhCO,H ; U, MeO

Scheme 9

Heating of the trichlorocacetimidate (2“)21 and the sulphenate
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ester (25)22 proceeded by sigmatropic rearrangements to give 2,3-

unsaturated isomers (26) and (27), respectively (Scheme 10). In
O )
Me
QM H@Me Q PhS OMe
HN=C-0 co CCly Phs -0
CCls (24) (26) (25) (27)
Scheme 10

parallel to the first of these, the exocycllic alkene (£8) thermally
rearranged to give the branched-chain aminosugar derivative (29)
from which the vancosamine derivative (30) was obtained

(Scheme 11). 2l

A<; ’ —_— NHCOCCLa U\ {; NHTs a

CHCH,0C=NK CH=CH»
CCL
(g °° @9 (aca
Scheme 11

Several 2,3-unsaturated compounds bearing substlituents at C-3 are
mentioned elsewhere (Chapters 8 and 14).

Other studies on 3,4-unsaturated compounds have included the
synthesis of the branched-chain compound (31), which has been made
with its isomer (32) from the ketone (33) as 1llustrated in Scheme
12. Compound (31) did not undergo oxyamination whereas the un-
branched analogue (34) afforded the isomeric products (35) and (36)

0, OMe 0,0Me / O, 0Me
@A QT
CH 0Bz

0Bz
(33) (3 (32
Reagents : \, MeMgI ; ik, SOCL,~Py ; i, BzCL-Py
Scheme 12
Q . AcO 0 TSHN o
W
\ —_— NHTs + OAc
OMe OMe OMe
QAc OAc OAc
(34) (35) (3&)

Reagents: i', Chloramine T, AgNO3 , 0504 ; i, Ac,0-Py
Scheme 13
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(Scheme 13).22  The C-5 branched-chain compounds (37) and (38)
were produced by Clalsen rearrangement processes applied to the
allylic alcohol (39) (Scheme 111).23

Me Me
Vi o L= (37 A ° (37 R= Meocuzcn=€cozm
OMe ii-iv —(38) \ ome (39 R = MeOCH=CHGHCHO
OH OAW oAU
(39)

Reagents: i, MeO(F)C=C(SOPh) CH,CHa OMe ~KH 5 ii, TSOCH=CHCHO - NaH ; ili, MeOCH=PPhy ;
iv, Efg ALCL- PhyP
Scheme 14

The resolution of methyl 3-amino-3,4-dideoxy-B-D- and -L-erythro
-pentopyranosides,e.g., (40), was effected by coupling with O-methyl-
L-tyrosine and separation of the stereoisomers, while the absolute
stereochemistry was determined by conversion to the alkene (41),
which was 1ndependent1y synthesized from the epoxide (42) in two
ways (Scheme 15). 2h

QMQ o : OIOMe v v O, OMe
HO

NHp OH OoMe] I, v Ry
v
o ——
40) (41) b(, v (42)
(@
Reogents: i, HCHO-HCO,H ; i, Hz023 Uik, & jiv, TsCL3v, NaI-2Zn; vi, Me P(OPK),L ; Vii, BugSnH
Scheme 15

The unusual enolone unit (43) has been found as a component of a
plant cardenolide.25

Me 0
0,0 ‘ \\
o 0 Q
) &) X ey
oMe © (4%

In the furanoid series an improved synthesis of the well known
alkene (44) uses di-O-isopropylidene-a-D-glucofurancse 3-tosylate
and treatment with potassium hydroxide. 26 The related compound
(45) was used to obtain a set of compounds which were prepared as
potential cyclopentane precursors (Scheme 16). 21

Photochemical addition of 2,3-0-isopropylidene-D-glyceraldehyde
to 2,3-dimethylfuran gives compound (U46) and a stereoisomer
(Scheme 17). The former was then employed in a synthesis of a
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0
AcOCH, i, Meoyc R = CO,Me,
R \ 5 50,Ph, CN
o)r

(45)
Reagents: i, N& RCHCOMe = (PhyP), P~ PhyP
Scheme 16
o]
CHO 0 ; < M '
to>< + \ / _— b + isomer
o Me Me Me o
Reagent: v, hy 0><

Scheme 17 (46)

degradation product of asteltoxin,thereby establishing 1ts absolute
configuration.28

In the area of l,5-unsaturated compounds the dienes (47) and
(48) have been synthesized and treated with dienophiles to give the
adducts (49) and (50) (Scheme 18).29 An unexpected rearrangement

O @ — {1,

(47) R=H X=0,NH (9) Ret™
(48) R=0re (50) R=0Me
Scheme 18
of a 4,5-unsaturated furanoid compound to a hexoseptan-L-ulose der-
ivative 1is described in Chapter 15.
The 5,6-unsaturated compound (51), which is also the methylene

derivative (52) prepared from the corresponding D-gluconolactone
tetraether with Tebbe's reagent, underwent the reactions illustrated

in Scheme 19.29a A set of furanoid compounds (53) have been found
cH—‘,OBn co,Me
BnO 3
CHy =
Bno cuzoan —i -7
OBn
(52) (51

Reogents: i, Me0,CCNO i, BH3 THF ; ili, Ph HgOAc - Pd Cly

Scheme 19 O8n
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to have cytotoxic and antiviral properties, whereas nucleoside

analogues were 1nactive.3o

CN
NC cH
% 5 OMs
R = Me, Bu, (CHp);Ph,

2{
o)—0 %o
o ™ fep
(0}
o]
(83) (54) o)( (55) o)(

Treatment of the epimeric mesylates (54) with sodium azide in
DMF caused eliminations to afford the acetylene (55),31 and the
epimeric 7-enes (56) and (57) were produced in high stereoselecti-
vity from the C-5 aldehyde by use of allyltrimethylsilane in the
presence of boron trifluoride and titanium tetrachloride

CHyCH=CH, GH=CHy
R g2 OH
O OMe (56) R‘=OH,R2=H 0
57) R'=H,R*= OH v Nore
&) —}-,Sio Me
e} Q OMe
> (59)
respectively. In contrast, the aldehyde derived from methyl N—g—

tert-butyldimethylsilyl-2,3-di-0-methyl-a-D-glucopyranoside afforded
the D-glycerc-D-gluco-adduct under both conditions. The pyranoid
L-glycero-D-gluco epimer (58), on the other hand, could be obtained
by way of the 2-trimethylsilylethylidene Wittig alkene.32
In the field of acyclic alkenes, compound (60) was obtained via
the furan (59), which 1s the product of reaction of 2-methylfuran and
2,3-0-isopropylidene-D-glyceraldehyde (Scheme 20).33

Me Me
CHO AN (0}
) . [¢] T
to>< v L D % IR LE,
OH 05iButPh,
o) [0}
Reagents: i, ZnCly (10kbar) s i, Ph;ButSicL; (59) o>< o>< (69

i Bry-Py
Scheme 20

Scheme 21 1llustrates the rearrangement of a phenylglycine amide
derivative of gluconic acid and 1ts application to the preparation
of an acyclic unsaturated sugar derivative, Likewise the B8-enose
derivative (61) was obtained from the corresponding uronic acid
chloride. 4 The same authors similarly produced hexadiene and
derived Diels-Alder adducts from D-gluconic acid.35

The examples in Scheme 22 illustrate the participation of the
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CH,0Ac
OAc
OAc 'coclk —r— 2
AcO 2 OAc
OAc

Reagents : i, PhaP-EtaN- CoClgs

i, Cr(0AC),- H3PO,- DMF OAc
Scheme 21
Me
0\\ Z “Me
O OMe
OAc
AcO
(61) Ohc
ring oxygen and benzyl ether oxygen in electrophilic addition to
alkenes.36 See Chapter 17 for an example of a novel approach to
ald-2-enitols.
CH=CHy CH>0Bn
OBn Me OH AcO
Me,, CHyBr BnO BnO
07Me Me W . Me o
o8B OBn Me
BroNL_ cre Ohc
0Bn 0Bn CHz08n oH 1

Reagenks: i, NBS- THF H,0 i, I,- MeCN
Scheme 22
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Branched-chain Sugars

1 Compounds with an R-C-O Branch

Weidmann's group has studied the application of Reformatsky-type
reactions for preparing branched-chain sugars. The glycosulose
derivatives (1) and (2) reacted with «-bromoacetic ester in presence
of laminated zinc/silver graphite at low temperature to give the
branched-chain sugars (3) and (4) respectively, with good stereo-
selectivity (Scheme 1);1 the bromo-methylacrylate ester yielded

Q
OH o , CHCO,EE
B ¢ L Ph 3 ) "
(_yz ~ n )
COuEL . O\3 _2/0OMe >3 2/ 3
CH,CO, LY % 4 ‘g OH
&) 29 Q) ) | )
0 ~ COLEL
5 3
( ) OH (6)

Reagents: i, ZnfRg-graphite , BrCHaCOEE or BrCHC(=CH)COREL | THF, ~78°
Scheme 1

either lactone (5) or hydroxy ester (6) from these glycosiduloses,
and also the lactone (7) from di-g-isopropyl1dene—D—glucofuranose.2
The branched-chain sugars (3) and (4) could also be obtained from
the uloses by using an ethyl trimethylsilyl acetate - tetrabutyl-
ammonium fluoride reagent, the product tertiary alcohol group being
silylated or not depending on whether the ammonium salt was anhyd-
rous or hydrated (see also Scheme 12 below).3’4

A convenient synthesis of D-apiose from D-xylose using an aldol
condensation of the aldehydo-sugar with formaldehyde has been
described; the synthesis of the requisite di-QO-isopropylidene deriv-
ative is mentioned in Chapter 6. 4n aldol condensation of a pent-
ulose with methyl propanoate giving an intermediate branched-chain
hexonic acid derivative is described in Chapter 24.

A synthesis of D-evalose (6-deoxy-3-C-methyl-D-mannose) utilized
an enolate methylation reaction for the conversion of the 4-ulose
(8) to the 3-C-methyl analogue (9); LAH reduction of (9) led to the
talose derivative (10), whereas NaBH, reduction of the 2,3-di-0-
acetyl analogue of (9) gave the required mannose derivative (11)

141
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(Scheme 2). An analogous sequence on L-rhamnose provided a route to
L-nogalose, the 2,3-di-O-methyl derivative of evalose.6 Another
synthesis of L-nogalose used a conventional Grignard addition to a

{) —— 0{) —r— Konuo) KoaHoh
(3)

Me (9 Me (10) Me (1)

Reagents: v, MeI-LDA- HMPT
Scheme 2

3-ulose derivative of L-rhamnofuranose (12), giving high stereo-
selectivity for the required mannose isomer. L-Rhamnose has also
been used to prepare the 5-ulose (13), which by Grignard reaction
gave a new route to noviose (14).

o. OMe 0. OMe
— FMC —>— MeO
BnO 2 3\‘—) 0
O OBn OH o><o
Me Me OH OH
12 13
(12) (2 (14) (15)

A practical procedure has been described for preparing the 3-C-
formyl sugar (15) via methyl 2,3-O-isopropylidene-D-apiofuranoside
using a modified Collins oxidation; (15) was required for a syn-
thesis of tetrodotoxin.9

Reaction of the conventional 3-ulose prepared from di-O-isopropyl-
idene-D-glucofuranose with nitromethane provided both the allo- and
gluco- isomers of the corresponding 3-C-nitromethyl sugars, which
were then converted by standard procedures to 3-C-hydroxymethyl
pentoses with D-ribo, D-xylo, and D-lyxo configurations; the last of
these proved to be enantiomeric with the monosaccharide isolated
from Phase I Coxiella burnetii LPS, which was confirmed by a syn-

thesis of the L-form (16) from L-arabinose using the 3-ulose (17)
with lithio 1,3~-dithiane to introduce the required L-lyxo branch

chain.10
0 S/ \: HO 0
Ph —_— e s OH
+s“»o-cé§)° ’QZS @
PO 0% i) OH OH
OH
07 (16)

Standard procedures have been used on laevoglucosenone to produce
a series of unsaturated branched-chain derivatives (18), which were
also reduced to the corresponding 3 ,4-dideoxy analogues. The a331%n-
ed configuration was established by X-ray crystal analysis (R=0H).



14: Branched-chain Sugars 143

o CH;OBn CHZOBn

0 o}
\ HO Me Nr Me
)
OMe _u 3 OH

CHaR Me OMe o 22%
Y N

(18) R=H ) B R 3
OH NHZ Reagents: i, LAH jii NaNj \/‘\)
Me
OH
69%

Scheme 3

A study of the epoxide ring opening of branched-chain sugar
epoxides with hydride and azide nucleophiles revealed that a
tendency towards anti-Furst-Plattner ring opening occurred where
nucleophilic attack at the tertiary centre was required for Furst-
Plattner opening, in some cases leading to the major product, as
illustrated in Scheme 3.12 3 ,4- Anhydro-1-deoxy-3-C-methyl-D-hexul -
ose derivatives have been prepared by epoxidation of the correspond-
ing unsaturated sugar or its hexenitol analogue; hydrolysis of these
oxirans gave l-deoxy-3-C-methyl-D-psicose and -D-tagatose, which on
acetonation yielded the derivatives (19) and (20) respectively
(Scheme 4).13

e He O CHOH
C|,O COM o) 0. OH
C-Me — Me Me OH — Mo + oxo
ICIH 0 HO Me Me
t:0>< 0>< :><? Me
o] o]
19 20
Scheme 4 (1) 20

Stereoisomeric cyanhydrins formed from 1,2:5,6-di-O-isopropyl-
idene-D-ribo-hexofuranos-3-ulose have been converted to correspond-
ing «-hydroxyamidoximes (21) and oxadiazoles (22)(Scheme 5), the
gluco isomer of (21) being characterized by X-ray analysis.14

X
[¢] 0 r:5 \a
— Ho~\—-> ——> HO — HO )
3 ) =NOH 7
AN

6 o NHy No g
(21 (22) Me
Scheme S

Cyanhydrin derivatives are also conveniently synthesized by treat-
ment of uloses or oxirans with trimethylsilylcyanide - boron tri-
fluoride etherate, illustrated in Scheme 6; the anti-Furst-Plattner
reaction of the illustrated oxiran was attributed to 4-0-acetyl
participation.l5
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The preferential reaction of benzylidene acetals in compounds
also containing oxiran units is mentioned in Chapter 5. Other
hydroxy branched-chain sugars are mentioned below as hydration
products of unsaturated analogues.

0 CH,0Ac CHp0Ac
bh 0 0 ) AcO 0
i L
—> _CN o) > HO
0\3 _/OMe - AcO OEt ™
O NHAc 0TMS OEt
Reogents: Me35iCN- BF;.OEL, Scheme b

2 Compounds with an R-C-N Branch

Enolate alkylation of glycosidulose derivatives of aminosugars
provides methyl branched-chain sugars having the branch methyl group
axially oriented, e.g., (23).1% 4 stereoselective route to D-rubra-
nitrose (24) is provided by the stereospecific rearrangement of the
dimethylcyanamide derivative (25) obtained from the corresponding
glycal (Scheme 7).17 The same approach from diacetyl-L-rhamnal
provides a synthesis of methyl «-L-decilonitroside (26) via the
methylene branched-chain sugar (27)(Scheme 8).18 D-Rubranitrose and
the related 4-aminosugar, tetronitrose (28), have been prepared from
D-galactose and D-glucose respectively by a sequence involving
cyanomesylation of the intermediate glycopyranosid-3-uloses (29).19

PHTO
]

0
Me (23)
0 BzNH OMe
Me Me
~ 0o MeO o
Kj Me >— Me
oM OM
HO 0 © ©
ey A=W NO3
NH - (25) 2 (24
Reagents: i, Hg(0COCFs), 5 i, NaBH4 Scheme 7
HO 0 oMe o_<\NMe2 0 NMep HO 0 oMe
Me A NH _\\ Me
4 > s - N - NO
P
CH, ) Me
(27) Me (26)

Scheme 8
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NHCOMe R
Me Me
o} o]
(29) R=0Me or NHCOMe
Me.
OH 4
NO, 0 OMe
(29)

The synthesis of a vancosamine derivative by the rearrangement of
a trichloroacetimidate of a branched-chain unsaturated sugar is
mentioned in Chapter 13.

3 Compounds with an R-C-H, R-C-R, or C=R Branch

Laevoglucosan has been used as a source for the 2-C-methyl,4-C-
methylene sugar (30) via the epoxide (31); epoxidation - reduction
of (30) yielded a mixture of the hydrated analogues (32) and (33)
(Scheme 9).20

) 0 0
OH
o 0 He -
> (08n —> CHy=op, — K‘, + k:
HO OH Me
Me

(39) Me (32) 56%  (23) 28%
Scheme 9

@)

The isomeric 2-deoxy-2-C-methyl-pentonic acids (34) have been
prepared by Lewis acid-catalysed aldol condensation of the thioester
silyl ketene acetal (35) with 2,3-di-O-benzyl-D-glyceraldehyde;
either epimer can be obtained as the major product depending on the

precise experimental procedure adopted.21
\ cosBuw?
—i—/' 5.0 SBuwt Me
:ﬂ: ——— HO
Me H 0Bn
(35) CHp0en (34)

The hetero-substituted alkene (36) obtained from a C-6 sugar
aldehyde undergoes stereo-controlled methyl addition via the
chelate (37) to give the 6-C-methyl sugar (38)(Scheme 10), which was
then used in a synthesis of okadoic acid (see Chapter 24).22 The
3-C-methylene sugar (39), derived from glucose, has been catalytic-
ally hydrogenated to the 3-C-methyl allo-analogue, which was then
epimerized at C-5 and degraded to the 2-C-methyl-L-lyxose (40) and
the corresponding lyxonic acid (both potential synthons in macrolide
synthesis) by standard procedures.23
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SiMes CH25C,Ph
SiMe
SPh 3 Me
CHO 7z PhsO,
> 50 H w 0
g’ L M M{Me 0. N
HO\ /0P ANEA Y HO\__/oPr
(36) &) (38)
Reagents: i, Phs(Messi),C-Li ; Ui, MCPBA, lii, MetMgBr; w, KF
Scheme 10
CH,0Bz CHO
L—OBz Me
— . ——— o — OH
-" ) Bn0
I 0 Me Q CH, 08BN
(29) Me © @)

A synthesis of derivatives of three of the four possible 2,3-di-
deoxy-2-C-methyl-D-hexoses has been reported using Baker's yeast to
achieve the stereospecific reduction of the racemic acetoxy ketone
(41), the unreduced enantiomer being separately reduced stereo-

specifically after C-5 epimerization (Scheme 11).2

OAc o/j
Lyxo)
on /\/'\2)/\;1)\0 LI L/'\/\/ /\1/\( OAC( X /j
e
+(41) / / oH HOCH 0

, T OAc Me

T LV &
/K,/\/k/j =7 Phe 0
HOCHy on ©

..no

3!::

A Me "N %Hocnz"v\/\o

M
(Ribs) Ohe e

(Arobma)
Reagents: i, Boker's yeost ; ik, NEt, ik, NaBHy jiv, OH™ ;v Zr(BH4),

O(n

Scheme 11

Thiem's group has investigated the synthesis and thermal react-

ions of branched-chain unsaturated sugars. The mycaroside (42)

undergoes elimination with thionyl chloride to give the unsaturated

O oMe 0 oMe
K 7 K ) o-C- cct:, — 1>-~Hc CCly

Me (42) (43) (44) (45)

analogue (43) as the major product; an attempt to rearrange the
allylic trichloroacetamidate (44) by 3:3 sigmatropic shift in fact

yielded the glycosylamine isomer (45).25 Scheme 12 illustrates the

synthesis and interconversions of unsaturated branched-chain sugars
derived from the glycosidulose (2), the Wittig product (46) being
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obtained in better yield using the lithium salt of ethyl trimethyl-
silyl acetate (Li-ETSA) than by Petersen olefination (see also
Scheme 1 above).3 The direct lithiation of glycosyl sulphoxides

Ph
, o
) LA cuzcozn

CHCO,EL CHCOZEt ==/ OMe 3
(46) ' CHCOzEL
m
Reagents: i, LIETSA ,ii, excess i, or KOBuY,orLDA ; iii, A- Py ; iv, TF20—95 i v, BugNF.3H,0
Scheme 12

provides a route to 2-substituted glycals as illustrated in Scheme
13. 6 Related results with glycosyl sulphones are referred to in
Chapter 13, and the formation of unsaturated branched-chain lactones

CH0BR
BnO o] -
0 [ SOPh ! 50Ph N Lsoph i 1
2 1] —> —
BnO 5-Ph (‘/)1— ¢ /
1
OBn 2 2 Ll “ CO,Me 2C0,Me

/ CHZOAc
Reagents: i, LDA (-80%);1i,CLCO, Me; “ = vi, vw
'u'b',RancgNi.;i.v‘RCHO;v,H*orA; / OAc Et
vi, Hp-Pa/C ; vii, Acy0-Py ¢

CH\OH

Scheme 13
is mentioned in Chapter 24. Wittig olefination of the glcosidulose
(2) gave the stereoisomeric branched-chain enol ethers (47), which
were used to prepare a number of branched-chain analogues (l+8).27
The standard glucofuranos-3-ulose derivative was similarly studied.
Hydration of the ethylidene Wittig analogue of (47), i.e., (49), by
the hydroboration-oxidation procedure unexpectedly gave the

o . R'=H, R*=CHO
Ph rR R' =CHO,R%H
\;_) R' =0H R*%CHO

° oM R'=T,R%= CH(OMe)NHCOMe
cHOMe R R! =CH(OMe)NHCO,Me , R3=1
(47) (48)
Et0,C

P . OH
h < 3 (>3___ r\&_
‘ ) )

0N Et CHy CHpOH
MeCH
(49) (50) (51 (52 (53) R,R= Hyor 0
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Markownikov product (50), whereas the methylene analogue (51) react-
ed normally to give (52).28 The stereochemistry of the 5-C-ethoxy-
carbonylmethylene derivatives (53), including E/Z isomer ratios, has
been investigated using n.m.r. and X-ray crystal analysis.29
Condensation of thiodiglycolaldehyde and diglycolaldehyde with
t-butyl cyanoacetate gave corresponding anhydro-pentitol deriv-
atives, e.g., (54), together with the 1:2 adducts, e.g., (55);

_CH,CHO X N X CH?O“
*Senacno T KcomBut [H co,But
HO CO,8u CO;&J
X= 0,8 N OH CN  OH

(58 (55) CN OH (56)

using d-(E)-hydroxymethyl—di(g)-methoxy-diglycolaldehyde, D-gluco
and D-manno analogues (56) were obtained.30 AZ— and A”-unsaturated
3-cyano analogues have also been obtained.3!

Photochemical addition of 2,3-0-isopropylidene-D-glyceraldehyde
with 3,4-dimethyl-furan gave the oxetan (57), which was used to
establish the absolute configuration of asteltoxin.32 Claisen
rearrangement of the unsaturated sugar (58) derived from glucose
gave the branched-chain compound (59); a similar approach gave the
analogue (60). 33

59)R=P‘h0CH=CH—T,
CHO
- >< MeOHC - > (w)R- J—_ore
e

COyMe

[C)) (59)

Fraser-Reid's group has investigated the chemistry of some
geminally disubstituted branched-chain sugars. The vinyl derivative
(61) undergoes stereospecific epoxidation with MCPBA, controlled
by chelation with the C-2 hydroxy group; the analogue (62) converse-
ly gives the epimeric oxiran by chelation with the C-4 hydroxy

CH,0R CHEOH

)
Me  Me
M
RO ;e 3 HO 3)
cf

CH,=CH OH CHp=CH OSu—l—
{61) R,R= PhCH{ or Bn (e2)
group.34 The triply branched-chain compound (63) underwent tri-

butylstannane-catalysed free-radical cyclization to give the
products (64) and (65), while the cyano analogue (66) only gave
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the bicyclopentane derivative (67), and (68) gave (69) in high
yield; radical addition to the vinyl group is followed by addition
to the other unsaturated group to generate the bicyclized
products.35 The direct radical addition to carbonyl which generates
compound (65) also occurs with other doubly branched-chain sugars
with vicinal iodo-alkyl and carbonyl branch chains, e.g., the

conversion (70)-—9(71).36 The participation of oxygens present in

ph’Xo
- jﬁaﬁz >+ F\\//\% zy) b ™ /\:b’ N
HO HO CN o)
Me \ Vi

I
(CO)] (64) (65) (66) (67)
1o 2, . A I CHzozag- o
R — &
(6%) (69) ° 2 )
H

(70) 0Bu* (70

ethers, esters, and pyranose rings in electrophilic reactions has
been illustrated by examples including branched-chain sugar deriv-
atives, e.g., (72)—(73)(Scheme 14).37 Photochemically induced
cycloadditions of the corresponding unsaturated derivatives have
been reported, leading to the adducts (76)38 and (75).39 (See also
Chapter 13, ref. 10J

Q
CH,0C0But
Oc“a - 0 CHgOAc 2
Bn M‘Il 25T

'IIMe a A
n

CHO
AcN\W(/O

(r2) *° iy (75) (8)
Reagents: L, NBS-THF-K30 (74)
Scheme 14

Me.

B20

A synthesis of a compactin fragment utilized the bicyclic adduct
(76) obtained by aluminium trichloride-catalysed addition of buta-
diene to the corresponding glycosenone.40
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Aldosuloses, Dialdoses, and Diuloses

1l Aldosuloses

Nicotinium dichromate (made from nicotinic acid and chromium
trioxide and used in benzene-pyridine) has been recommended as a
new and lnexpensive reagent for the efficient and large scale
oxidation of the hydroxy groups in such compounds as 1,2:5,6-di-0-
isopropylidene-a-D-glucofuranose and 1,2:3,4-di-0-1sopropylidene-a-
D—galactopyranose.1 The particular aldosulose derivative (1), a
key Iintermedlate for the synthesis of L-daunosamine, has been pre-
pared by use of pyridinium dichlorochromate,2 and the ethyl glyco-
side (2) has been isolated from the roots of an Arctostapylos

CHa0H

O Oft 0
O=i<££:1;}*OHe
o) (O CD OH

species following a long term extraction with ethanol, the glycos-
idation having occurred during the extraction procedure.3 Oxi-
dation of methyl a- and B-D-xylopyranoside with bromine water in
the presence of borate gives mainly the U-ulosides (3), but minor
amounts of the 2- and 3-ketones are also formed.

The interesting observation has been made that, whereas the silyl
ether (4) gives the ketone (5) on treatment with butyllithium,
corresponding compounds with carbon ether groups at C-4 (6) give

the analogous 2-deoxy-3-keto products (7) (Scheme 1). Presumably
ALkO 0 oMe i RO 0. oMe . +500 0 oMe
Me —t Me L 7 Me
_
(7) R=agl (6) (#) R=siBuste, (5) {
O\T/O (o]
Reagent : i, Buli Ph
Scheme 1
these processes are initiated by proton abstraction from C-2 and
5

C~3, respectively.
151
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The 4-ene (9), which 1s obtained by thermal or base-catalysed
isomerization of the 5-ene (8), on treatment with acetic acid in

2\.0 ‘ ;/o\ , °
Q — +sj— Q’/ﬂ ——
Q H 0 0 0
0" A’ o)f AcO 0
(®) (%) (10)

Reagents: i, A or OH i, AcOH
Scheme 2
dichloromethane, undergoes an unusual rearrangement to give the
septanosulose derivative (10) as indicated in Scheme 2.6
Hydrogenation of the enolone derivative (11) affords the
crystalline monohydrate (12) in 40% yield (Scheme 3), while re-
duction with zinc borohydride gives a complex set of productsy

CH,OBn CH0Bn
0 _OMe ) 0 oMe
12
\ —_— OBnHO
OBn Q OH
(1) (12)
Reagents : i, Hp- Pd/C
Scheme 3

2 Dialdoses

The high pressure [4+2)cycloaddition of diene (13) to the dialdose
derivative (14) in the presence of Eu(fod)3 as catalyst gave
largely the isomer (15) (Scheme 4); the dialdose derivatives (16)

OMe CHO
7 ﬁ/L——'O .
+ ;7L,o —t 5
~ o
(1) ey

Reagents: i Eu(fcd-)s - 11 Kbar
Scheme 4
and (17) reacted less selectively.8
Compcund (17) undergoes interesting changes in stereoselectivity

on reaction with different reagents. Whereas methyllithium and
methylmagnesium lodide give the allo- and talo-adducts (18) and
(19) in the ratio 2-3:1, 2-lithio-1,3-dithiane affords, almost
exclusively, the alloxide (20).9 Furthermore, with allyltri-
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@o @ m (18) R=Me @ (19) R=Me

(16) o (29 R=G> o> (22) R=AlyL

('7) (21) R=Auyl

methylsilane (17) gives the alloside (21) (20:1) when boron tri-
fluoride is the catalyst, but the epimer (22) (20:1) when titanium
tetrachloride is used. In the latter case metal complexing (23)
is held responsible for the dramatic change in stereoselectivity.
Similar selectivities were found with the aldehydes (14) and (16),
but in the case of the D-gluco-compound (24) both catalysts led to

H O" Met CHO
o]
\ OMe
\/_\_{ —+-5i0 OMe
/ OMe
>< (23) (24)

the D-glycero-D-gluco-adduct with high selectivity. Wittig
products from these aldehydes are described in Chapter 13.10

3 Diuloses

Selective oxidations have been used to prepare diulose derivatives
as indicated in Scheme 5; the products equilibrate with dimeric
forms.

| HO
—_} ~ #
“ ) HO

CH20H

0-X.
0]
0 i g
s oH > %’ T Uners
OH 0
HO

Reogenls: i,Bu,Sn0; i, Bry

Scheme §

The D-fructose-derived ketone (25) reacts with Grignard reagents
mainly to give the D-ribo-adducts which, with acid, degrade to
afford the furfural derivatives (26).12

A 130 and 31? study of D-threo-hexo-2,5-diulose l-phosphate and
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CHQOR
HOCH CHO
Z‘Q mcnzwoy{z
O OH CH20P03H2

(26)
(25) (27) " (28) r=H
(29) R = p03H2

1,6-bisphosphate ("5-keto-D-fructose" esters) in water has shown
that the former exists mainly in the R-pyranose form (27) with the
remainder in the 2R,5R-furanose form (28). The bisphosphate exists
as the 2R,5R (29) (ca. 80%) and the (2S,5R) isomers.l3
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Sugar Acids and Lactones

1 Aldonic Acids

One Chinese report has described a commercial process for the pro-
duction of D-glucono-8-lactone from calcium gluconate,l and another
has reviewed this procedure and the properties and applications of
the product.2

The oxidation of D-glucose on a platinized platinum electrode in
acidifled solution to D-glucono-6-lactone has been described,3 as
has the oxidation of xylose and glucose catalysed by chromium and
titanium porphyrin complexes anchored to a polyacrylamide support.Ll

The kinetics of the ruthenium(III) ion catalysed oxidation of
polyhydric alcohols by N-bromosuccinimide to the corresponding
aldonic acids in aqueous perchloric acid with mercury(II) acetate as
"scavenger" have been studied.5

D-Erythrorbic acid has been oxidized, cyclized and acetonated to
give the D-erythronolactone acetal (1),  and di-Q-acetyl-D-rhamnal,

o] Me O
< 7=o C CHOQ Ho =0
CO,H 0
O>x<9 OH
(1 @ @

oxidized with ruthenium dioxide-sodium periodate, gave the formate
(2) and hence, after base-catalysed hydrolysis, the lactone (3).7

More complex compounds to have been made are the racemic amino-

CHROH O0—7=0 ) =0
o) . OJ O;
t-ih i —_— a

0 —> N o —» NH o}
CH,0AC CHyOAc
LNHAC =0 LNHAc AcHNF=0
Reagents: | COCL, ; ik, NaN3 ;u, A NHAC
Scheme 1
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compounds (4) and (5) (Scheme l)8 and the 2-deoxyoctanoic acid
lactones (6) (Scheme 2) J
CHoOH

% o, X o o
COo,Me
OH ——> 0”0 1_/ 2 OH
u 0

u
\ OMe Conf, "

3 2

Reagents: i, Me0,CCH,CO,H - Piperidone;ii, NaOMe- MeOH ; iii, AcOH MeO (69
Scheme 2
Several unsaturated aldonic acid derivatives have been reported.
The enantiomeric 2,3-dideoxy analogues (7) of ascorbic acid have
been prepared from 5,6-0-isopropylidene-L-gulono- and D-mannono-1,4
-lactones by formation of their 2-(dimethylamino)-1,3-diocxolane

CH20H
HO 0

o (7

derivatives with DMF dimethylacetal, quaterization with methyl
10

11

iodide, and thermal decomposition. The pentose analogue (8) was
prepared as indicated in Scheme 3. Glycals can be converted into

COaBu° CHZOH CHgOH

CHO CHa
|:0>< + LiCHpCOxBU ——» EOH BN o L,
0

0]
0>‘< HO
Reagents: i H ; i, BufMe,SiCL ;iil, $0,C1- Py Scheme 3

2-iodo-2,3-unsaturated aldonolactones (Scheme U),12 and the D-

CHyOAC CH,OAc
0 i (g + - 0
OAc / { — 1 oS MCZ —y 1 (o] > 0
AcO 4 = (2 AcO\——
I I 1

Reagents: i, IYCoILidl«?‘l&)z BF, ,CHaCl-DMSO
Scheme 4
galactono-y-lactone derivative (9) can be converted into 3- and
13 Enolized hept-
ulosonic acid derivatives have been described, prepared from 2,4:

3,5~-dldeoxy compounds as shown in Scheme 5.

3.5=-di-0-1sopropylidenepentoses as indicated in Scheme 6.12‘l (See
also ref. 27 below.)
Several reactions of aldonic acids have been reported. Aldono-



16: Sugar Acids and Lactones 157

0
0 <= [ 7:0——> CHQCHQO ——»ﬁ f

OBz OBz OBz OBz
CHyOTr CHZO TY CHZ OT1—-

Reagents : L, EtzN ; i, Hy-cat.; lw, Hz—cn.t., OH™

Scheme 5
i o U, i . (0]
RCHO —» R —I—» RCH,COCO,Me —» RCH=C-COMe R= ><
COpMe I
OAc X o
CL 0
Reagents: ¢, CL,CHCOyMe - NoH-DMF; ik, MeMgl ; Uil, Ac,0-Py
Scheme 6

lactones react with hydroxy radicals at C-2 preferentially but not
specifically; the processes have been investigated by e.s.r.
methods.15

The main product of reaction between D-ribono-y-lactone and
benzaldehyde dimethylacetal 1is the 2,3-acetal and not the 2,4-
acetal of the é-lactone as previously proposed.16 Long chain ali-
phatic amines (C6-Clo) have been condensed with D-gluconic acid
lactone to give amphipathic products which form gels at low con-
centrations in aqueous solution. The morphology of the gels has
been investigated by electron microscopy.

Pedersen and his colleagues have continued their studies on
brominated aldonolactones which can be used for the preparation of
2,6~dideoxyhexoses (Scheme 7),18 or 2,3-dideoxy or 2,3,6~trideoxy

CH,OH CHoBr

T sl -

OH OH
Reogents: i, HBr -HOAC ; ii, MeOH ;ii, Ha- Pd/C; v, PflCH?C“z)ZBH
Scheme 7
compounds (Scheme 8).19 The base-catalysed reactions of 6-bromo-

CHyBr CHaBr

Ay To

Reagents: i Hy-Pd/C-EtOH ; i, Hy-Pd/C-EtaN
Scheme 8

3,6-dideoxyaldohexono-1,k4-lactones afford products of complex
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rearrangements (Scheme 9).20 The lactone formed in the first

CHyBr coy co, 0
o}
o o \ HO—({:H Ho—{ HO| HO)=0
2 Chy
4 HO 0 —» 4 —> _— —
\) OH I"O HO HO
HO
° CH,0H CHpon  CH20H
o co; CHQOH
A o P }—OH I—OH |—-OH o
" CHjp CHy, > CHy —* 0
HO OH
OH OH 0 o o HO -
CHaBr CHyOH CH, OH OH
COZH COzH
HOZC:I ;
Scheme 9

example is the main product whereas the cyclic acids are the main
compounds formed in the latter case.
The aldonic acid esters (10) and (11) have been isolated from

COH COpH
o-c? OR OH
HO = RO 0 oH
OH OMe o_('i OH
OH OH (11) R=Galloyl
CH,0H OH CHa0—¢ O O
(10) Q OH
OH
plant sources. The former21 was obtalned, together with positional

isomers, from the primary leaves of rye, and the 1atter,22 from bark,
is the first example of a hydrolysable tannin with a gluconilc acid

core.

2 Saccharinic Acids

The products formed by alkaline treatment of xylose-containing
polysaccharides have been examined by 130 n.m.r. spectroscopy.
The main product from L-arabino-(4-0-methyl-D-glucurono)-D-xylan
was 3-deoxy-2-C-hydroxymethyltetronic acid.2

Reagent and carbohydrate concentration affect the nature of the
products formed during the alkaline degradation of monosaccharides.
Up to 50% of acids with more than six carbon atoms are produced
with hydroxide concentration in the range 10_3—10_2M and sugar con-
centration above 10—2M. Experiments with the presumed inter-

mediates pyruvaldehyde, glyceraldehyde and dihydroxyacetone showed
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that they react by aldol procedures to give acidic products with

more than six carbon atoms. The effects of calcium and borate

ions were investigated.au
Nitric acid oxidation of xyloisosaccharinic acid gives mainly

-carboxy-2-deoxytetrono~y-lactone and, to a lesser extent, the

3_
2 25

C
-C-carboxy-3-deoxy isomer.

3 Ulosonic Acids

2-Ulosonic acids can be produced in high yield by oxidation of
aldoses or aldonic acids in water with oxygen in the presence of

lead salts.26 The specific compound (12) can be prepared as shown
in Scheme 10.27
COoMe CO,Me
ciL (o]
1CHO i 0 , . cL O\\ o
(o) LN (VAL o]
m_< o Me~ o0 o
0 >—Me 0 >_MQ ICH, CopMe
e} 0 CO-SMe
Reagents: i, CLaCHCOaMe -NaH ; i, LiCLOg (12) (12a)
Scheme 10

The kinetics of esterification of L-xylo-hex-2-ulosonic acid
(2-keto-L-gulonic acid) with methanol in the presence of an acidic
resin have been determined28 and the fully substituted compound
(12a) has been reported.zga

A four-step synthesis of 3-deoxy-D-gluco-oct-2-ulosonate ("D-

gluco-KDO") is indicated in Scheme 11. The stereoselectivity of
CHZOH

CHO O/ﬁ
od 4 L_n COzﬁu BquC  HO /0 _COaNHy
o + j[
o] Li COZBu
X
Reagents: i, Condensation ;ii, CF3COH-H,0 ;il, Hy0(a); CHQOH
v, NH3

Scheme 11

the condensation step was 4:1 in favour of the D—gluco—product.29

In related work the derivative (13) of 3-deoxy-L-gulo-oct-2-
ulosonic acid was synthesized from 5,6-anhydro-1,3:2,4-di-0-ethyl-
idene-D-glucitol and the anion of ethyl 1,3-dithiane-2-
carboxylat?.Bo
An improvement in the Cornforth procedure for making KDO

(3-deoxy-D-manno-oct-2-ulosonic acid) has been reported tocgether
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0
5> °© OMe
s OH
CH2 C02Me
0 OH
e o
Me~{ -0 oKX
[¢] >~Me
) ° )
with syntheses of 1ts methyl pyranosides and furanosides. For the

B-pyranoside the acetylated a-glucosyl bromide was used with
methanol and a mercury(II) salt; for the a-anomer the a-pyranosyl
peracetate was methanolysed, and for the furanosides mild
methanolysis of the furanosyl peracetates was employed. The
products of this last reaction could be separated as the acetals
(14) from which the glycosides were obtained by hydrolysis.31

Analogues of KDO have been made by condensation between pentoses
or modified pentoses and oxalacetic acid. 5-Deoxy-D-arabinose
gave 3,8-dideoxy-D-manno-oct-2-ulosonic acid (8-deoxy-KD0).32

Various mono- and oligo-saccharide derivatives of KDO have been
subjected to methylation, reduction and acetylation treatment to
afford compounds sultable for mass spectrometric analysis. Rules
for fragmentation of the 3-deoxyoctitol derivatives were

developed.33

The interconversion rates of the furanose and
pyranose forms of KDO have been determlned by n.m.r. methods.3u
Schmidt has surveyed dlastereoselective syntheses of KDO and
3-deoxy-D-glycero-D-gulo-non-2-ulosonic acid, a precursor of N-
acetylneuraminic acid.35 Two new syntheses of this compound are
outlined 1n Schemes 1236 and 13,37 the latter giving the racemate

in the first total synthesis.

0 0
0 Br
Ph i Ph
<@NOZ + '\[rcoza& LN {

OH NHAc

/ CO,Bu*
i-vi O
o]
AcHN
)/ FoH \_ on
Reagents: L, DBU ; i, buffer ;i NaBH4; caogu coqH + C(4) epimer
iv, 033V, Ha-Pd/C; Vi, K,C03-MeOH A 2
OH
Scheme 12

Two preparations of N-acetyl-4-deoxyneuraminic acid have been
described, the first followlng the path outlined in Scheme 12 and
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BnOCH CH,08n CH,0Bn
=0 / N, . Bz0 Q I\ s 820 o 7/ N\
P i
Bz0. \ / o — / 0 = OH o7
OMe
0TMs CH08z
o CHy0H
CHO COxMe 0Bz OH
OH
[e] .
BzO /5 / \ AN 7 NN BzO (o] copMe o o
OR 0 ) OR —— z
OMe 5 OMe OH
R = tributylsilyl * AcHN oH
Reagents: i, BFy; ik, NaBH4-CeCLy ), MaOH—H';N,(CFSCHzo)zﬁ(O)CHzcon; 3V, 0504 (DI..)
Scheme 13

using deoxygenation procedures based on a B-elimination step applied

38

to the alcohols derived from the intermediate ketone. The second

used compound (15) which was obtained from the corresponding U~
mesylate.39

5-Acetamldo-3,5,7,9-tetradeoxy-7-formamido-L-glycero-L-manno-

nonulosonic acid (16) has been identified as part of the repeating

740 co,Me

fs) o]
OMe
3 ° SEE
A z% SEt
c ] (15) CHy !
CHyOAc OMe AcHN
H o o) CO,Me HO
H OH
AcHN OH
0-SiButMe, CHa0H
(1) (19)
unit of the polysaccharide of Pseudomonas aeruginosa immunotype 6.”O

Acetolysis followed by acetylation of the epoxide (17) afforded
the acetate (18) and its 7-epimer in the ratio 3:1,“l and various
derivatives of the N-acetylneuraminic acid derivative (19) have

been reported. b2

4 Uronic Acids

A preparation of racemic 2,4-dideoxyhexuronic acid derivatives 1is
outlined in Scheme 11;,“3 Reference is made to carbocyclic
analogues of hexuronates in Chapter 18. A procedure for synthe-
sizing L-iduronic acid derivatives by inversion at C-5 of D-
glucuronic acid compounds is indicated in Scheme 15,““ and the
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C0, Bu™ COzBu™
=0 . O, oMe -
3
\ / OMe —> 1 + 1
OMe
OTMS oTMS CO,Bu™ Cosz”‘
0 OMe )
Reagent: i, Pressure
OMe
OH
Scheme 14
COyMe COyMe
5 0 0Ac . 54 ) . 0. 0Ac
L By w co,Me
OAc I - OAc
AcO AcO
OAc OAc

Reagents: i, NBS-hv ji, BuszSnH
Scheme 15

anomers of compound (20) have been made from the l-hydroxy analogue
by direct silylation to give the B-anomer, which underwent anomeri-

zatlon on treatment with trimethylsilyl trifluoroacetate at -BOOC 45
cozm
Ac
(20) (21) (22) (23)

Base treatment of either anomer of 1,2,3,4-tetra-0-acetyl-D-
glucuronic acid gave the 4,5-enes (21) and hence comanic acld (22)
with the a-anomer reacting less read:‘Lly.u6 Similar studies have
been carried out by the same author on D-glucurono-6,3-lactone tri-
acetate;u7 the latter compound has been reported to give the
butenolide (23) under acetylating conditions.

Acetylated hexosiduronamides with lead tetra-acetate in t-butanol
give the 5-t-butyloxycarbonylaminopentoside analogues in high yield
(Scheme 16), and the reaction can be used for the selective cleavage

0A
ACO CoNH, NHCO,Bu® <
0 . ~L - o CH,0AC
L 5 i-w
7 AcQ

AcO < CHp OAc

OA

AcO OMe <

Reagents: i, Pb(QAC),-BurOH ; ik, HCOH ; i, NaBH4 ; ¥, AC;O-Py
Scheme 16
of uronic acid-contalning polymers, the uronic acid units affording
the corresponding pentitols as indicated.ug
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The c¢.i.m.s. of a fully methylated D-mannuronic acid derivative
is reported in Chapter 22, and some nucleoside uronic acld compounds
are described in Chapter 20.

The analogues (24) of tropic acid have been made from the
pentose dialdehyde derivative using the Grignard reagent derived

from naphthalene acetic acid.50

COZMa
CioHy
0
OMe

(9 OO)D

5 Ascorbic Acids

A range of derivatives of L-ascorbic acid have been procduced as
indicated in Scheme 17.51 Reactions of 6-bromo-6-deoxy-L-ascorbic

o>< CH,OTs CHoNHp
Q OH OH
HO _ conm 0
O>< 2 o ¥, 0
[e] /7 fo) 0 Y
o] N/ O o}
¢ HOCH, N\
. \ CH;,_ u CHons CHyNHy
d o N OH OH
7/ o] . o
o — 0
- —
0Bn  0Bn OH OH
Reagents: L, MeOH-NH3 ; il, NHa (1) ; i, NaN3 ;iv, Hp~Pdl
Scheme 17

d°2 as have the syntheses of the 6-

28a

acid derivatives have been note
bromo-, 6-chloro- and 6-iodo-6~deoxy compounds. The reaction
between ascorbic acid and electron deficient alkenes has been

discussed; the product formed (Scheme 18) from ascorbic acid and

OH 4 OH
H

Scheme 18
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fumaric dialdehyde has been shown to have structure (25) by X-ray
diffraction analysis.53

The X-ray structure of the tetra-acetate of dimeric dehydro-
ascorbic acid 1s referred to in Chapter 23, and the hydrolysis
products of the acid (2,3-diketo-L-gulonic acid; L-threo-hex-2,3-
diulosonic acid) have been concluded to contain the §-lactone

(26).°"

o cHO OoH
HO — CH20H =0 OH
OH o
HO ) I
(26) (27) © (29)

A theoretical study of the oxidation of triose reductone (27)
has been completed, and the results compared with the oxidation of
d.55 Oxidation of the acid by nitroxide radical (28)
has been examined kinetically by e.s.r. spectroscopy. An inter-

ascorbic aci

mediate was observed and a 2-step, one-electron transfer process
was proposed.56 A further study of the oxidatlon of ascorbic acid
by a histamine-containing polymer latex-Cu(II) complex has been
reported.57

1H And 130 n.m.r. spectroscopy have been applied in a con-
formational analysis of L—a;gorbic acid and D-arabino-ascorbic acild

in acidic aqueous solution. The absorption of these two acids
from solution onto a mercury electrode showed a small differential
effect.59

Elaeocarpusin is a plant product comprising equimolar amounts of
the gallotannin geraniin and L-ascorbic acid, which has been syn-

thesized by condensation of these two components.60

6 Aldaric Acids

Aldoses and aldonic aclids are oxidized in aqueous solution with
oxygen over platinum-charcoal to give aldaric acids.26 In related
fashion hydrogen peroxide in the presence of 1iron salts oxidizes
uronic to aldaric acids. The reaction is pH dependent and is
inhibited by radical scavengers. An intermediate was a strong
inhibitor of B-D-glucuronidase, and further enzymic experiments led
to the conclusion that cytochrome P450 is likely to be responsible
for glucaric acid production in XQXQ‘Sl
The synthesis of 1,6-diamino-1,6-dideoxygalactitol from dimethyl

galactarate by t-butyldimethylsilylation, ammonolysis and diborane
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reduction of the diamide was complicated by the formation of the

compounds (29) and (30) as reaction by—products.62
Conc 0
OSL—% Vs o
HO
HO 7 7
OSL:+ OSL\+ OSLj—
CO,Me CoMe
(29) (3o
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Inorganic Derivatives

1 Carbon-bonded Phosphorus Derivatives

1,2-0Oxaphospholane analogues of methyl D-ribo- and -arabino-
furanoside having phosphorus at the anomeric centre have been pro-
duced as indicated in Scheme l.l An amplification of this and
previously reported related work (Vol.18, p.158) has also appeared.2
A synthesis of tetra-0-acetyl-5-deoxy-5-C-[(R) and (S)-phenyl-
phosphinyll-a- and B-D-ribopyranose 1is outlined in Scheme 2.3

P(O)(CMe), CHo0H
OH
OH _,___+ o\p//o ~ /OME
oH ~OMe J o
CHo OH OH OH
ci HY
Reagent: i, Scheme 1
CHO ?Me OIMQ ’,’i 1 _ph
o_ OMe | 0=P-pPh 0=p-Ph 0=p-ph . P
4 —t— HO~ Ll CHp M, CHp v OAc
4 k; k,,‘ AcO
o_ _0 ¥ ’ DAc OAc

>
Reagents: i, HP(0)(OME)Ph- EtN ; U, (Imidazolyl)aCS ; iit, Bug SrH;w,Na AuHy (OCH2 CHy OMe); 5 v, HEL-Hy0 5 v, AQO-Ry
Scheme 2
Sugar phosphonates continue to be of interest, the B-D-manno-
pyranosyl compound having been produced as indlicated in Scheme 3.
Products - whether pyranoid or furanoid - of this type of reaction

CH,0Bn o CHo0H P
o . P (ome), N 0 _pP{oH),
oBngo!) —— ! R OH HO
Bn0 OAc v HO

Reagents: i, P(OMe), 7 TMSOTF ; il, TMSBY ; i, Hp ~Pd/C
Scheme 3

have the 1,2-cis-relationship, possibly, 1t is proposed, because of
the intermediacy of species such as (1). The 1sosteric mono-
phosphonate analogues of a- and B-D-fructofuranose 2,6-diphosphate
(Scheme U) have been prepared for biochemical studies.5
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CHp0Bn
Q
,OMe
/P\-OMQ
BnO ,0+ OMe
(1) Bn
cHzosn CHp OP(O)(oNa),
o, , GHa0CH0Me . CH, OCH,0Me 0. CHaOH
i G + a LS 7L“ v, T hojy o
CCHaOCH,0Me ¥ NO2 «© CHaNO2 CHa P(ONa),
U CHaNOy OH
\ (‘7* <:|-|2m=(c>)(oua)2
¢ CHQO CHaOMe - fo} CHy ﬁ(ONa')Z
Reagents: i, CRy0 - BugNF; i, (CHp(OMe)y P05 ; e o] ©
Lk, MeNOg - NaH CHoOH
Scheme 4 OH

In the acyclic series the D-ribo- and D-arabino-phosphonates (2)
and (3) have been prepared as indicated in Scheme 5, and isomeric

O=p(0Me), 0=P (0Me),
CHO _ OH HO
o — o) (o}
o}— Ph OP>-Ph + o,.>— Ph
o}
e @ "o
eagents: i, HP(0)(OMe),~EtaN
Scheme 5§

products were obtained from 2,M—g—ethylidene-D—threose.6

Oxidation of the related phosphonates (4) with acetic anhydride/
DMSO gave a mixture of the enol acetate (5) and the products of
direct acetylation (6).

An oxime was obtalnable from the former
(Scheme 6).7

o=p(0Ey), 0= p(oEca) 0=P(OEt),
OH OAc OQAc
x 0_" + R= 0
M¢—< 0]
@ >—Mr. (6> (30%) 0 >—m,,
~%5 0ap(0EY), o
(5) (40%) }:NOH
Reagents: i, Ac,0-DMSO ; ii, NHOR-HCL R
Scheme 6
CH20Ts
[e) /0>,NH2
— r —) CHp
3 fe) e}
g o X~ CHCN Pth PPh, o
Reagents: i, PhaP=CHCN ; ii, NaPPhg ; ili, LAH (v ®

Scheme 7
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The phosphines (7) and (8), prepared as indicated in Scheme 7,
have been used as ligands in the rhodium complex-catalysed
asymmetrlic hydrogenation of prochiral alkenes with high enantiomeric
inductions.8 In related work 6-deoxy-6-diphenylphosphino-2,3,4-tri
-0-methyl-a-D-glucopyranosyl 6-deoxy-6-diphenylphosphino-2,3,4-tri-
0-methyl-a-D-glucopyranoside and the B,B-linked trehalose derivatilve
analogue were prepared via the dimesylates and used as rhodium(I)

ligands.9

The a,a-compound complexed to rhodium(I) has given the
highest selectivity so far reported for a-formylation in the hydro-

formylation of styrene.lo

2 Other Carbon-bonded Derivatives

The arsenic-containing carbohydrate (9) of brown kelp has been

synthesized as indicated in Scheme 8.11
CH,0Bz CHy0Bz CHyCL
o CH,0H 0. Ot 0. OCHT
TR AT
OBz 0/\;5'1 Oz 0Bz 0><0 \ CHzA:Mez
O. OCH;
Reogents: i, Pgt{ OTs ; HaBr, i, Meo™ ; v, Me,C(OMe),~HT | v, epli=ca, el ; OH
Vi, MeyAsNe ; vii ; Ha 0y ; vid, H* CHaOH
Scheme 8 ca Oh  OH

Some C-platinum bonded compounds have been obtained as shown in
Scheme 9; 1in the first illustration a,B-products were formed.12

CHZ0Ac CHpI CHo Pt (PPhy), 1

Y : ‘ T/%__O , /%_’
oAc ) —— .>th(PPh3)ZBr %O a — 5 v
AcO Br e o]
OAc

Reagent : i, (PhaP), PE(CaHys)
Scheme 9

The synthesis of 2-amino-2,6-dideoxy-D-glucopyranose-6-sulphonic
acid, an analogue of a bacterial cell wall component, has been pre-
pared via an acetylated 6-deoxy-6-thio compound.13

3 Oxygen-bonded Derivatives

The diphenylphosphono compound (10) has been made from the
corresponding alcohol by use of the corresponding chloride and used
as a ligand in a rhodium complex for asymmetric hydrogenation of

alkenes,lu and the cyclic dioxytriphenylphosphoranes (11) and (12)
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have been made using triphenylphosphine and di-isopropyl azodi-

carboxylate and the appropriate diols.l5

Ph,PO 0 OMe Y .o
2 Me / o ph&p\o 0 (0]
PhaP ><o
\ OBz OTs
ol o) OMe OMe
> 0Bz oTs

0
(19) (1) (12) ey ©°%

The complex (13) is effective for the asymmetric reduction of
alkyl aryl ketones and hindered dialkyl ketones, acetophenone, for
example, affording (R)-l-phenylethanol with 78% enantiomeric excess,
and t-butyl phenyl ketone being reduced stereospecifically.16 The
same reagent reduced ethyl pyruvate with 98% selectivity to
optically active ethyl 1actate.17

The U4,6-ethylboronates of methyl a- and B-D-galactopyranoside
have been prepared and used to obtain 2,3-diacetates of the

glycosides.l8

Various disaccharides, sugar acids and polyols have
been shown by potentiometric methods to give 1:1 and 1:2 complexes
with borate anions, and the complexes formed between this anion and

19 With excess of

D-fructose have been examined by n.m.r. methods.
borate 2:1 complexes are favoured, the anomeric hydroxy group is
élways inveolved and the reaction shifts the equilibrium of sugar
forms from pyranose to furanose.2o
Partial esterification of the 2',3'-stannylene derivative of the
6,5'-anhydronucleoside (14) gave the 2- and 3-triflates (15) and
(16) in the ratio 9:1. With lithium chloride in HMPA both gave

the 6,§—anhydride (17), indicating that a triflate migration had

0
l NBn
OO NT0 R R? CLH,C
(14) H H
(15) H Tf
OR' OR? (16) T H

occurred in the case of the major ester'.21

An extenslve range of cationic complexes have been described.
Studies of the interaction between D-ribose and D-arabinose with
Ca2+ in aqueous solution have been carried out using electro-
chemical methods. Thermodynamic functions were determined and
specific complexing was concluded to occur in the case of ribose.22
Favourable enthalpy and unfavourable entropy of reactiog3are

responsible for the weak association constants observed.
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A Raman spectroscopic study of the effects of cations on the
anomeric equilibrium of D-glucopyranose in aqueous solution has

shown that Ca2+ has a marked effect in shifting the equilibrium

towards the a-anomer. Other cations have a lesser effect.2u
Complexes formed between D-fructose and Mg2+ have been shown to
have the structure Mg(B—D—fructopyranose)halide2 and to involve
0-2, 0-3 of one fructose molety and 0-4, 0-5 of the other.25

Solid, amorphous complexes formed between D-glucose, D-galactose,

Fe3+

D-mannose and D-lactose and have been 1solated, and the

approximate structures have been proposed on the basis of Mdssbauer,
magnetic susceptibility and elemental analytical data.26 D-
Fructose and Fe3+ in acidic solution give a complex which

accelerates the photochemical oxidation of the sugar‘27

Zn2+, Cd2+ and Hg2+ complexes with L—arabinose28 and D-glucuronic
acid29 have been reported and structural data have been provided.
The latter compound also gives complexes with ions such as Sr2+,
Ba2+, Mg2+
acid carbohydrates react with ions like Pb

D-Glucose, 6~deoxy-D-glucose and L-rhamnose are rapidly
epimerized at C-2 in the presence of nickel bis(N,N,N-trimethyl-

ethylenediamine)dichloride, the isomers with the C-2, C-3 cis-diol
2+

, and D-galactaric acid and D-galacturonic acid and other

2+ and Cu2+.31

relationship giving Ni complexes which can be isolated and

hydrolysed to release the free sugars‘32

4 Nitrogen-bonded Derivatives

The methyl 2,3-diamino-2,3-dideoxy-a-D-mannopyranoside complex (18)
has been characterized crystallographically and shown to have anti-
tumour activity.33 Related complexes of 1,2-diamino-1,2-dideoxy-
D-glucitol have been found to bind to DNA but not to show anti-

34

leukemia activity. N-Glycosides derived from free sugars and

ethylene diamine give complexes with Co3+ which have been
characterized.35
CHo0H (o]
o] (0]
Ph
NH, HoN OH
HO \r/ OMe 0 OMe
Pt
P Nx ..~S
[V
\s/Pt(PPh3)2
®) (19)

Reaction of SnMe,Cl, and SnPh2012 with adenine and some
derivatives in methanol gave complexes with the structures
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snMezclz(adenine)2 and SnPhCl,(0H)(Adenine),. Coordination is
thought to involve N-7 of the bases.3 Treatment of inosine and
guanosine with palladium chloride in acid gave a set of complexes
37

with variable nucleoside, palladium ratios.

5 Sulphur-bonded Derivatives

Diglucosyl disulphide octa-acetate has afforded a platinum complex,
and the dithioccarbamate derivative (19) has been synthesized from
the methyl-2-amino-2~deoxy-oa-D~-glucopyrancoside acetal by use of
carbon disulphide followed by bis-triphenylphosphineplatinum
dichloride.'?
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Alditols and Cyclitols

1 Alditols

1.1 Acyclic Alditols. - Brimacombe's group have published full

details of their work on the stereoselective synthesis of higher
sugars, some of which is covered in Chapter 2; other papers

describe the Sharpless oxidation of the octose derivative (1) to
give the oxiran (2), and hence the D-erythro isomer (3),1 osmylation
of the benzylated analogue (4) giving primarily the diol (5), lead-
ing conventionally to L-lyxo-L-altro-nonitol, a new nonitol,2 and
osmylation of other alkene sugars (6) to give heptose and heptitol
derivatives (Scheme 1).

CHOH CHoOH CH20H CH,OH CHo0H

Val 9‘\0 HO—¢ Vi Ho OH /\R3
R SR
0 —> — 8n0 —> BnO R
0 R' R’ (6) R=R'orR*
2 3
Rl @ ® o) (s . o
O] R= KQen
R'= 3
= oY
Q R3= H, CH,OH,
o\ CHaOAC, COzMe

Scheme 1

The Wittig reaction with dialdose derivatives has also been
employed to synthesize polyols of long-chain hydrocarbons, as
illustrated in Scheme 2; lyxose and xylose derivatives were similar-
ly used to prepare stereoisomers which are relatives of naturally
occurring plant products;4

CHoOH CH,0H
0. OMe . =N, OH
. y - .
4 —> 0CHGE o Me(CHp)yy |4 OH
] - on (D-Ribo or
L-Lyxo
o__0 (CH2)ss Lyxo)
Pl Me
Reagents: i, (COCL),-DMSO-ELaN ; i, PhyP= CH(CHR)Me ; ik, Hp-Cak. jiv, H30" | v, NaBHa
Scheme 2

Another strategy has used D-glyceraldehyde with unsaturated
organometallic reagents. A silylated cuprate reagent gave predom-

inantly (95:5) the erythro adduct (7), which could be converted
either into ribitol or xylitol as indicated in Scheme 3.

174
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Alternatively, the allyl sulphinyl anion (8) gave the threo adduct
(9), which underwent sulphoxide - sulphinate ester rearrangement,
leading to the hex-2-enitol derivative (10)(Scheme 4); the threo
isomer predominated by non-chelation control, which has previously
been difficult to achieve.

Meast Va
CHO OH Me3Si - T v-vid
Iio>< i ° iy, 0 Lo ki Ho-ia L5 Xylitol
0 Y Ox\v-vir\) Ribitol
(7) 0

Reagents: i [42:(““ ) we | H- 190t § i, ButOaH - VO(acac)y; i, DMSO-(COCYy FtgN ; iv, L- Salectricle, v, BubOK- BuyNF;
vi, NaOH; vii, HCL

Scheme 3
CHa0H
4CHO ?l\/" ‘:‘ | L ?
‘:o R pH S . ph” Pros’ S 4
- . A
o><:> W e o T Ho—fr T "HO
® 2O O
o
Reagent: i, (Me0),P &) (1o
Scheme 4

Addition of Grignard reagents to threose derivatives, in either
cyclic or acyclic form, gave mainly the corresponding xylitol
product (Scheme 5). Oxidation of these tetritol derivatives at C-1
followed by zinc borohydride reduction gave mainly lyxitol, whereas
L-Selectride favoured the xylitol products; these stereoselectiv-
ities were discussed.7

R
CHO HO 0
oOMOM  — OMOM <—— OMOM OH
MOMO MOMO
CH,0Bn CH,0Bn Orom
Scheme 5

Reaction of 2,3:4,5-di-0-isopropylidene-D-ribose with a lithiated
aniline derivative gave the pentitol (11) and hence, after LAH
reduction and hydrolysis, the deoxypentitol (12), which was shown
identical to the degradation product from methanopterin, thus
establishing the stereochemistry of the polyol in this compound.8

NHR'
R (1) R'=TMs, R*=H
OH (12) R'=R*=H
OH
OH
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Epimerization can occur during the Wittig reaction of 2,3,5-tri-
O-benzyl-D-ribose with methylene-triphenylphosphorane, giving both
ribitol and arabinitol derivatives, probably via the aldose
enolate.9

Improved conditions for the semi-continuous hydrogenation of
glucose solutions to sorbitol have been described, using a nickel-
aluminium-titanium catalyst.10

The conversion of 2-deoxy-ribose to 1,2-dideoxy-D-threo-pentitol
derivatives is mentioned in chapter 24, a synthesis of 2-deoxy-D-
arabino-hexitol is referred to in Chapter 12, and the formation of
L-arabinitol pentaacetate from glycosiduronamides is covered in
Chapter 16. Intramolecular C-glycosidation of benzylated ribo-
furanoses, giving alditol derivatives, is referred to in Chapter 3.

1.2 Anhydro Alditols. - A standard procedure has been used to convert

the glucosamine derivative (13) to its 1,2-dideoxy analogue, and
then to prepare the glycoprotein 1l-deoxy-MDP and some other lipo-

philic analogues (14) in a study of their immunoadjuvant activity.11
CHZOAc CHZOR' 3
R®gEt  RyHg
(15) (16)
/ R3 = B-D-Gal-p:CHy$+
HAc MeCH cor?
13) (14) R',R*= L-Ala-D-isoGln,

or fatty acids

Related l-acyl derivatives of glucosamine are covered in Chapter 7.

Reaction of di-QO-isopropylidene-aldehydo-D- or -L-arabinose and
-L-xylose derivatives with a methylene sulphoxonium ylide gave the
corresponding anhydro-hexitols in 50% yield.12

Deamination of N-deacetylated glycosamino-glycans followed by
sodium borodeuteride reduction led to pseudo-disaccharides of 2,5~
anhydro-D-mannitol or -D-talitol (from D-glucosamine and D-galact-
osamine residues respectively) with attached glucuronic acid,
iduronic acid, or galactose units, including sulphate groups.13

Mercury derivatives (15) and (16) have been prepared from
D-galactopyranosylmethanethiol, and their interaction with a
A-D-galactosidase studied.la

A new set of carbohydrate-based thermotropic liquid crystals (17)
have been prepared via reaction of the oxetan (18)(derived from
glucose) with lithium acetylide reagents followed by catalytic
hydrogenation.15 A related series of 2,5-anhydro-hexitol deriv-

atives (19) have been prepared by a similar route, reacting the
oxetan with long-chain alcohols in presence of trifluoroacetic
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d.16

aci
OR OR
N 0 CHaR 0. CHaOR M
0 R — HO HOCH:—A‘ HO J Q RO OR 0.
| o OH OH [ ]
0 0
CE30 CH,OH )
(18) (1) R=Cs-Cgaliyt (19 (20)

The chemistry of isosorbide has been briefly reviewed, and the
mixture of anhydro compounds produced by acid-catalysed dehydration
of sorbitol has been analysed.17 The platinum-catalysed oxidation
of isosorbide has been studied; the influence of major parameters
was assessed and a reaction scheme discussed.

Crown ether derivatives (20) have been prepared from 2,3,4,5-
tetra-0-benzyl-D-mannitol with tetraethylene glycol ditosylate.

The surfactant properties of 1-, 2-, and 3-0-octanoyl-D-mannitols
have been studied, the compounds being prepared conventionally
from acetalated mannitol derivatives.

Some spectroscopic analyses of alditol derivatives are mentioned
in Chapters 21 and 22, while Chapter 6 includes a method of distin-
guishing stereoisomers of l-substituted glycerols by n.m.r. analysis
of isopropylidene derivatives.

1.3 Amino-Alditols. - 1-Deoxy-nojirimycin (21) has been isolated as a
sweet-flavoured material from the root of the mulberry tree.21 It

has been prepared from a 6-amino-2,3-epoxide (22) prepared from
D-mannose (H.Setoi et al.,Tetrahedron Lett., 1985, 26, 4617), the
trans-dioxalan ring controlling formation of the 6-membered ring.
The manno isomer (23) of (21) was also prepared via a 6-amino-D-
fructose derivative as outlined in Scheme 6, the stereochemistry at

CHa0H CH,0TMS CH,0TMS

NH L

CH,NH
(20 )
CH,NHCO,Bn CHyNHCO,Bn /
XZ ><o CHO0Si % CH,OH
A - —N Nt
on akb® os;,‘é— CAZLIN —_—
e éx% OH HO
><o o . +Si0 HO
CHy 051+
fo) 209L7 (23

Reagents : {,8uf Me,SiCL - imidazole- DMF ; Ui, H30* ; 1ii, Collins reagent;iv, Hy-Pd ; v, A(MeOCHy CHZOH)
Scheme 6
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C-5 being determined by reduction of the intermediate imine from its
less hindered side. Both (21) and (23) were less effective immuno-
stimulants than swainsonine.22 The synthesis of 5-amino-5-deoxy-D-
galactopyranose (i.e., galacto-nojirimycin) and its l-deoxy analogue
together with L-altro isomers is mentioned in Chapter 9.

Full details of the synthesis of 1,4-dideoxy-1,4-imino-D- and -L-
arabinitol have been published (see Vol. 19, p.170).23 1,4-Dideoxy-
1,4-imino-D-glucitol (24) has been synthesized from 1,4-di-0-mesyl-
2,3:5,6-di-0-isopropylidene-D-glucitol via its l-azido-1-deoxy
derivative (25), using 3,4- and 4,5-oxiran intermediates to retain

CHOH CHzN3
ho K ko
o]
—
OH OMs
OH °><
(24) CERNCL))
stereochemistry at C—4.24 This same azido-glucitol (25) has been

used to synthesize l,4-diamino-1,4-dideoxy-D-galactitol and 1,5-di-
amino-1,5-dideoxy-L-altritol by standard reactions.2>
Dimethyl galactarate serves as a source of 1,6-diamino-1,6-di-
deoxy-galactitol, using a di-amide derivative to introduce the
amino groups in a conventional sequence, although troublesome side-
reactions made the initial silylation of hydroxy groups difficu1t26
The procedure has been extended to the synthesis of l-amino-1l-deoxy-
alditols and other diterminal diamino dideoxyalditols.27 3-0-acryl-
oyl- and 3-0O-methacryloyl-1,5-bis(diethylamino)-1,5-dideoxy-2,4-0-
methylene-xylitol have been synthesized conventionally from 1,5-di-
deoxy-1,5-dihalo precursors.28

Reductive amination of 2,3:5,6-di-0-cyclohexylidene~-D-mannofuran-
ose using hydroxylamine or ethanolamine gave the corresponding
l-amino-1l-deoxy-D-mannitol derivatives.29 Surface-active 2-acyl-
amido-2-deoxy-D-glucitols have been prepared by borohydride reduct-
ion of 2-acylamido-2-deoxy-D-glucoses.

6-Amino-1,5-anhydro-6-deoxy-D-glucitol, prepared in standard
reactions from D-glucose, has been used to prepare compounds (26)
with cyclamate-like structure, but these were only slightly sweet
with a bitter after—taste.3l

The oxiran-aldonates (27) undergo intramolecular rearrangement
via orthoester intermediates to give 2,5-anhydro-aldonates, which
were used to make DL-epiallomuscarine (28) and DL-epimuscarine (29)

(Scheme 7).32
A l-thiolacetate derivative of muramic acid has been converted
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CHaR! CO,Bn Me

o IMQA‘._ Me 0 (*)(29)

° CHp L ° OH
H — CO,Bn - CHyNMe,l
O/| OAc 2PN u-w { 2NMey

HO
R? ? Me
. N Me, ) HoNMe,I
(26) R'=NHSO3Na ,R"=0H
R'= OH, R%2 NH 503Na (@7) OH
=0H,R%= 3 (t) 29

Reagents : i, SnCly i i, Me,NH Ui LAH ; Lv, Mel

Scheme 7

to the corresponding l-deoxy analogue, and hence to glycopeptides
(30), but these compounds showed no immunoadjuvant activity.

CH,OR
o]
o] 30) R= H or CqH3z5CO"
HO ( ) 17738
NHCOC 7 Hag

MeCHCO-LrAla-D-isoGLn-OMe
D

1.4 Miscellaneous Alditol Derivatives and Reactions. - Carbohydrate

nitro-cyclopropanes have been prepared from nitro-alditols, as

indicated in Scheme 8.

CHaNO, NO, 02,\‘4 |C|.H-N02
‘ o
CH2 . 4 + U CH -
Ms0 - & R T R o
R (1-R] [1-s] o
(major) (mwnor) 0]

Reagents: i, NaHCOg ; iz, Me 5(0)=CHp
Scheme 8

Hakamori methylation of 2-acetamido-2-deoxy-D-glucitol gave the
expected N-methylacetamido-pentamethyl ether, and two minor products,
the corresponding N-acetamido and N-methylpropanamido pentamethyl
ethers. Further Hakamori methylation yielded N-methyl-isobutyr-
amido- and traces of N-methylpivalamido analogues.35

Photo-oxygenation of polyhydroxyalkyl-furans derived from hexoses
with ethyl acetoacetate or pentane-2,4-dione gave 1,4-endo-peroxides
which could either be rearranged to mono- and di-epoxides or reduced
with dimethylsulphide to give unsaturated ¥-diketones, which are
ulosonic acid or diulose derivatives of higher sugars.36

Full details of the catalytic oxidative procedure for cleaviny
1,2:5,6-di-0-isopropylidene-D-mannitol to 2,3-0-isopropylidene-D-
glyceraldehyde using a bismuth catalyst have been published (see
Vol. 15, p, 167).37

€4-Cq Polyols accelerate the degradation of the fg-lactam anti-
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biotic ampicillin in aqueous solution; nucleophilic attack of a
hydroxy anion on the lactam ring was thought to be facilitated by
hydrogen bonding among the adjacent hydroxyls on the polyol and the
amide and carbonyl on the g-lactam.

Other chapters record a conversion of D-mannitol to D-mannose
(Chapter 2), ester formation between borate and hexitols (Chapter 7)
and platinum complexes of 1,2-diamino-1,2-dideoxy-D-glucitol
(Chapter 17).

2 Cyclitols

The Ferrier synthesis of deoxyinoses from 6-deoxy-hex-5-enopyranose
derivatives has been discussed in a symposium report.

3,4-Dicaffeoyl-5-(3-hydroxy-3-methylglutaroyl)quinic acid (31),
a new lipoxygenase inhibitor, has been isolated from Gardenia

fructus.
2 \§OH R1" 9
oR? (1) R = 7 OH
ROE_/ou
OH
[¢] Me
R3a MCOZ”

OH

Many papers reflect increasing interest in the synthesis of
pseudo-sugars. A synthesis of acetylate pseudo-g-L-mannopyranose
(32) starts from D-ribose and uses an inter- and an intra-molecular
Knoevenagel reaction to lengthen the chain and then form the ring
(Scheme 9).41 A route to racemic pseudo-hexuronates has been devel-
oped from the readily available tricyclic bromo-lactone (33), as
outlined in Scheme 10.%2 A synthesis of ¢ -p-D-fructofuranose (34)

CHO CHaCH{COMe), CoxMe
OBn | OBn . AcO
D-Ribose — [—08n o OBn _&_V_»__> Mooy @
OBn OBn OBn .OA«'.
CHa08:. % CHo0H OB OBn OAc OAc
Reagents: i, CHy (COaMe),~Py~Aeq0 i, Hy - Raney Nijild, F™yiv, PCC v, Ac;O-Py Vi, NaCl-DMSO; vii, LAH ;
Vilk, BHy- THF | ix, Ha0p Scheme 9

starts from 2,3,5-tri-0-benzyl-D-arabinofuranose, using a Wittig
chain-extension reaction and the stereospecific ring closure of an
alkenyl dibromide shown in Scheme 11; the corresponding 6-phosphate
was also made.43
Derivatives of pseudo-D-glucosamine and pseudo-L-idosamine have
been synthesized from the cyclohexanone (35) by conventional proced-
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cozu COMe CoaMe
\) (\\,\ AcO
— 5 A0 5,..1,(/5_., iy AcO
AcQ
COH

N3
o2 ‘ — \12’%1 ’\%
OAc

<eagents: i, HBr-HOAC i, Zn; lii, 0304- H20z; iv, Ac;o Py ;v, MCPBA; vi, H2SO, ; vii, NaN3

Scheme 10
CHaOB8n CHp08n CH208n
o COxBu" CHBr,  COxMe
BrO I OH —t /CH‘CHCOzBu,——r G0 = ey BrO /=
o8n
CHZOBn CHZOH
Reagents: i, PhJP-cnco;au};u,onso-(cocga;m,ﬂ*;
iv, LOA ; v, CHa8ry 5LDA ; vi, CHaNo ;vii, BuaSnd cuzcoam CHzOH
" (a9
Scheme 11

ures via the Wittig products (36)(Scheme 12).44 Racemic forms of

¢ -o-glucopyranose (37).45 Y -g-fructopyranose (38),46’47 and ¢ -8~
talopyranose (39) have been prepared from cyclohexane precursors.
The -talo isomer, prepared as shown in Scheme 13, is the last

0 CHX CHpOAc
@ 7 - @
BnO OH BnO o AcO OAc
BnNCO,Bn anN—ko NHAc
(35) (36)
Scheme 12
COH
OH
@ Q
CHpBr HO CH,0H
AcO
Br OAc OH
(3'7) 8
cuzoAc cuaom,
L " i 'u'i;li ——7L v.u« Vi
c—é
39
(+ oxlrcuu) (39)

Reagents: i, NoOMe-MeOH; i, Acg0-Py ;i , Me 2C(OMe);~ TSOH ,iv, RuO,-NaO4 ; v, Ha-P; vi, Acs0-AcOH- H2504

Scheme 13
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diastereomer of this series to be synthesized; the oxirans produced
were used to prepare &-galacto and «-talo isomers. The cyclohexene
derivative (40), prepared from D-glucose, undergoes ready substit-
ution at the allylic position, giving access to both anomers of
5,6-unsaturated y-glucosides.

CHZOTT
X
_— 1 X = BzO,N3,
N-Phthalimido- CHZQH CHZOH
42)

(40) 0Bn (41)

Further examples of the 1,6-annydro-pyranose — cyclitol
rearrangement (see Vol. 18, p. 170) have been published, e.g.,
(41) — (42).

Cyclization of 5,6-dideoxy-6-nitro-D-xylo-hexofuranose led to a
mixture of myo- and epi-isomers (43) which were separated and con-
verted to the corresponding amino compounds.51 Examples of the use
of the Ferrier reaction for preparing cyclitols and amino-cyclitols

from D-glucose and D-glucosamine have been published, e.g., (44) —
52
(45).

m K h ‘ R=8n, MO Hchy:

BNNCO,Bn BrNCO,Bn
43) (44) “2)

Syntheses of DL-penta-N,0-acetyl-valiolamine (46) and related
amino-cyclitols have been reported, using the racemic methylene
derivative (47). 3 The same route, involving the epimeric cyclitols
(48), has been applied to make a series of five diastereomers of
C-hydroxymethyl-6-deoxy-inositol, which is the 5-hydroxy analogue
of valiolamine; sodium methoxide treatment of (48) gave a mixture of
oxirans and the corresponding pseudo-1,6-anhydride, i.e., (49) or

(50), the 1,6-anhydride becoming predominant at equilibrium. o4

e vt W

HOCH,

*ou-(47) or-(46) (48) Aco M (50)
(+ epimers at

C-l and C—5)



18: Alditols and Cyclitols 183

New syntheses have been reported for (-)-fortamine and (+)-2-
deoxy-fortamine, starting from resolved 3S,4S-N-carbomethoxy-3-
aminocyclohexen-4-o0l > (for a racemic version see Vol. 17, p.166).

Optically active myo-inositol 1,4,5-triphosphate (51), the cell-
ular second messenger, has been prepared from the racemic inositol
precursor (52) via the chiral ester intermediate (53) which could be
resolved (Scheme 14).56 The identity and conformation of (51)

S

BnO o BnO OH OH
0 CH ow
Q
OBn
51
(52) (53 S
Scheme 14

(which has a single axial C-2 substituent) has been confirmed by lH,
13C, and 31P n.m.r. spectroscopy.57 Another report gives 1H and
n.m.r. data on a variety of phosphorylated myo-inositols, from
mono- to tetra-phosphates.

A series of reactions of the deoxy-inosose (54) have been des-
cribed; standard reactions at the free hydroxy group and ketone
carbonyl occur. Rleaction with diazomethane gave a spiro-oxiran

intermediate as well as the 6—oxa-bicyclo[3,2,1]-octane (55).59

R= COCsH;
X = Sor 50,

(54) (55) (5@9 @57)

A number of per-esters of myo-inositol and mytilitol (56) have
been described, but, unlike derivatives of scyllitol, these were not
liquid crystals.60 The synthesis and mesomorphic properties of the
mono-thioscyllitols (57) have been reported.

An improved synthesis of 1,2-0-cyclohexylidene-myo-inositol has
been described, using 1,l1-dimethoxycyclohexene in DMSO with a per-
fluorinated, strongly acidic resin.®?

The 2-deoxy-2-fluoro-2-hydroxymethyl-myo-inositol (58) has been
synthesized via the corresponding 2-spiro-oxiran analogue.63

A number of racemic cyclitol oxiran derivatives have been pre-
pared from a myo-inositol tetra-mesylate, leading to the di-oxiran

(59) (Scheme 15).%%
The total synthesis of neosurugatoxin, which contains myo-

inositol, is covered in Chapter 19, and a number of pseudo-sugar
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nucleosides are mentioned in Chapter 20. Pseudo-sugar crystal

structures are referred to in Chapter 21, and 11B n.m.r. studies

on cyclitol borate complexes are mentioned in Chapter 22.

AW N

— 0 0~

11
12

13
14
15
16

18
19
20
21
22
23

24
25

References

J.S.Brimacombe, R.Hanna, and A.K.M.S.Kabir, Carbohydr. Res., 1986, 153, C7.
J.S.Brimacombe and A.K.M.S.Kabir, Carbohydr. Res., 1986, 158, 81.
J.S.Brimacombe and A.K.M.S.Kabir, Carbohydr. Res , 1986, 150 , 35.

A.Kjaer, D.Kjaer, and T.Skrydstrup, Tetrahedron, 1986, 42 1439,

M.Kusakabe and F.Sato, J. Chem. Soc., Chem. Commun., 1986 989.
R.Annunziata, M.Cinquini, F.Cozzi, L.Raimondi, and S. Steffanelli,
Tetrahedron, 1986, 42, 5451.

H.Iida, N.Yamazaki, and C.Kibayashi, J. Org. Chem., 1986, 51, 3769.
R.H.White, J. Am. Chem. Soc., 1986, 108 6434,

F.Freeman and K.D. Robarge, Carbohzdr Res., 1986, 154, 270.

R.A.Azimbekova, A.G.Ivchenko, and M.F. Abidova, EEE Khim. Zh., 1985, 73
(Chem. Abstr., 1986, 104, 131 837).

A.Hasegawa, Y.Hioki, E.Seki, M.Kiso, and I.Azuma, Agric. Biol. Chem., 1986,
50, 1873.

Yu.A. Zhdanov, V.I.Kornilov, G.E.Levitan, Yu.M.Mikshiev, and V.A.Polenov,
Dokl. Akad. Nauk SSSR, 1986, 286, 1140 (Chem. Abstr., 1986, 105, 227 184).
P.N.Shaklee and H.E.Conrad, Biochem J. 1986, 235, 225.

C.John, J.Lehmann, and W.Littke, Carbohxdr Res., 1986 158, 91.

P.K51l and M.Oelting, Tetrahedron Lett., 1986, | 27, 2837.

P.K811 and M.Oelting, Angew. Chem., Int Ed. Engl 1986, 25, 368.

G.Fleche and M.Huchette, Starch/Staerke, 1986, 38, 26 (Chem Abstr., 1986,
105, 6721).

F.Jacquet, C.Granado, L.Rigal, and A.Gaset, Appl. Catal., 1985, 18, 157
(Chem. Abstr., 1986, 105, 60855).

M. Alonso-Lgpez, M. Martin—Lomas, S.Penadés, C.Bosso, and J.Ulrich, J.
Carbohydr. Chem., 1986, 5, 705.

C.Gomez-Herrera, J. Fernandez -Bolanos, N.Bueno Iborra, and M.B.Riego Martin,
Grasas Aceites (Seville), 1986, 37, 137 (Chem. Abstr., 1986, 105, 155 086).

K.Daigo, Y.Inamori, and T. Takemoto, Chem. Pharm. Bull., 1986 34 2243.
H.Setoi, H.Takeno, and M.Hashimoto, Chem. Pharm. Bull., 1986, 2& 2642.
G.W.J. Fleet and P.W.Smith, Tetrahedron, 1986, 42, 5685.

J.Kuszmann and L.Kiss, Carbohydr. Res., 1986, 121 45,

J.Kusgmann, Carbohydr. Res., 1986, 156, 25.




18:

26
27

28

29
30

31
32

33
34
35
36
37
38
39

40
41
42

43
44

45
46

47
48

49
50
51
52
53
55
56
57
58

59
60

61
62

63
64

Alditols and Cyclitols 185

J.L.Navia and D.E.Kiely, J. Carbohydr. Chem., 1986, 5, 169.

D.E.Kiely, J.L.Navia, L.A.Miller, and T.-H.Lin, J. Carbohydr. Chem., 1986,
5, 183.

V.L. Lapenko, G.G.Sirotkina, A.I.Slivkin, and 0.V.Voisheva, Izv. Vyssh.
Uchebn. Zaved., Khim. Khim. Tekhnol., 1985, 28, 108 (Chem. Abstr , 1986,
104, 24267).

Yu.A.Zhdanov, Yu.E.Alekseev, and T.P.Sudareva, Dokl. Akad. Nauk SSSR, 1985,
284, 354 (Chem. Abstr., 1986, 105, 134 252).

J.Fernandez-Bolanos, J.M.Vega Perez, and I.M.Castilla, Grasas Aceites
(Seville), 1985, 36, 328 (Chem. Abstr., 1986, 105, 8340).

Z.J7.Witczak and R.L.Whistler, Carbohydr. Res., 1986 150, 121.
M.Chmielewski, P.Guzik, B.Hintze, and W.M. (.Daniewski, Tetrahedron, 1985, 41,
5929.

A.Hasegawa, E.Seki, K.Kigawa, M.Kiso, and I.Azuma, Agric. Biol. Chem.,

1986, 50, 2133.

B.Radatus, U.Williams, and H.H.Baer, Carbohydr. Res., 1986, 157, 242.
U.Z3hringer and E.T.Rietschel, Catbohxdr Res., 1986, 152, 81.

F.J.Lopez Aparacio, R.Robles Diaz, J.Isac Garcia, and F. Garcia Calvo-Flores,
Carbohydr. Res., 1986, 148, 235.

D.H.R.Barton, J.-P.Finet, W.B.Motherwell, and C.Pichon, Tetrahedron, 1986,
42, 5627.

H.Fujiwara, S.Kawashima, and Y.Yamada, Chem. Pharm. Bull., 1985, 33, 5458.
S.Chew, R.J.Ferrier, P.Prasit, and P.C.Tyler, Org. Synth.: Interdiscip.
Challenge, Proc. IUPAC Symp., 5th, 1984 (Pub. 1985), 237 (Chem. Abstr.,
1986, 104, 110 024).

M.Nishizawa and Y.Fujimoto, Chem. Pharm. Bull., 1986, 34, 1419.

K.Tadano, H.Maeda, M.Hoshino, Y.Iimura, and T.Suami, Chem. Lett., 1986,1081.
S.0gawa, Y.Yato, K.Nakamura, M.Takata, and T.Takagaki, Carbohydr. Res.,
1986, 148, 249.

C.S.Wilcox and J.J. Gaudino, J. Am. Chem. Soc., 1986, 108, 3102.

D.H.R,Barton, S.D.Géro, S.Augy, “and B. Quiclet Sire, J. Chem Soc., Chem.
Commun., 1986, 1399.

S.0gawa, K.Nakamura, and T.Takagaki, Bull. Chem. Soc. Jpn., 1986, 59, 2956.
T.Suami, S.0gawa, M.Takata, K.Yasuda, K.Takei, and A.Suga, Bull. Chem. Soc.
Jpn., 1986, 59, 819.

T.Suami, S.Ogawa, Y.Uematsu, and A.Suga, Bull. Chem. Soc. Jpn.,1986,59,1261.
S.0gawa, N.Kobayashi, K.Nakamura, M.Saitoh, and T. Suaml Carbohzdr Res .
1986, 153, 25.

M.Hayashida, N.Sakairi, and H.Kuzuhara, Carbohydr. Res., 1986, 154, 115.
A.Klemer and M.Kohla, Liebigs Ann. Chem., 1986, 967.

H.H.Baer, L.Siemsen, and D.J.Astles, Carbohydr. Res., 1986, 156, 247.
G.Vass, P.Krausz, B.Quiclet-Sire, J.M.Delaumeny, J.Cleophax, and S.D.Gero,
C. R. Acad. Sci., Ser. 2, 1985, 301, 1345 (Chem. Abstr., 1986, 105, 43214).
S.0gawa and Y.Shibata, Carbohzdr Res , 1986, 148, 257.

§.0gawa and Y.Shibata, Carbohydr. Res , 1986, 156, 273.

S.Knapp, M.J.Sebastian, H. Ramanathan, P.Bharadwaj, and J.A.Potenza,
Tetrahedron, 1986, 42, 3405.

S.0zaki, Y.Watanabe, T.Ogasawara, Y.Kondo, N.Shiotani, H.Nishii, and
T.Matsuki, Tetrahedron Lett., 1986, 27, 3157.

J.C.Lindon, D.J.Baker, R.D.Farrant, and J.M.Williams, Biochem. J., 1986,
233, 275.

ETEérdan, C.A.Hansen, R.Johanson, T.Inubushi, and J.R.Williamson, J. Biol.
Chem., 1986, 261, 14676.

R.Blattner and R.J.Ferrier, Carbohydr. Res., 1986, 150, 151.
B.Kohne,K.Praefcke, W.Stephan, and P.Nuernberg, Z. Naturforsch.,B: Anorg.
Chem., Org. Chem., 1985, 40, 981 (Chem. Abstr., 1986, 104, 149 305).
B.Kohne, K.Praefcke, and W.Stephan, Chimia, 1986, 40, 14 (Chem. Abstr.,
1986, 104, 197 606).

C.Jiang and D.C.Baker, J. Carbohydr. Chem., 1986, 5, 615.

S§.S.Yang, T.R.Beattie, and T.Y.Shen, Synth. Commun., 1986, 16, 131.
R.A.Cadenas, G.J.Aguilar, and M.E.Gelpi, Carbohzdr. Res., 1986 148, 153.




19

Antibiotics

1 Amino-Glycoside Antibiotics

New representatives of known groups of compounds have been reported.
Antibiotic BMY-28251, obtained from a Bacillus pumilis strain, has
been identified as 3,3'-neotrehalosdiamine (1), the first example of

an «,8-trehalose antibiotic.1 New components of a validamycin

CH20H
CHEOH H
MeHN ) O._wMe
:Q»;/OD
CH OH OH
2 NHMe OMe
9]
vaLueno.rmne, vaLLoLom.mc (4)
NHp
HO (2) R=B-D-Gle-p
OH (3) R=H
(m

complex, validamycin G (2) and validoxylamine G (3), have been char-
act:erized.2 Antibiotic AC 4437, obtained from a Streptomyces strain,
is proposed to be the de-(N-methyl-L-glucosamine) derivative of
dihydrostreptomycin.3 3-N-Methyl-paromomycin, a new member of the
paromomycin group, has been isolated from a Streptoverticillium

source, and acmimycin, a spectinomycin analogue, is thought to have
the same structure as spenolimycin (4).

Many analogues of natural compounds have been prepared, either by
modifying natural material or by synthesis from mono-saccharide or
non-carbohydrate precursors. Dihydrostreptomycin analogues in which
the guanidino groups are modified have been synthesized; the result-
ing pattern of antibiotic activity is unrelated to that of other
amino-glycoside antibiotics, and in particular, unlike kanamycin
derivatives, an aminohydroxybutanoyl group did not confer any
resistance to inactivation. The peracetylated pseudo-disaccharide
analogue (5) of (neo)trehalosamine has been prepared from a racemic
inosamine derivative.’ The racemic spectinomycin analogue (6) has
been synthesized from the cyclohexyl-butadienyl ether (7) as outlin-
ed in Scheme 1.8 A D-manno-analogue (8) of acarviosin has been pre-
pared from the '"manno" isomer of valienamine and 1,6:3,4-dianhydro-
D-galactopyranose (Scheme 2). A series of N-substituted valiol-

186
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CH20Ac
0 o)
OAc o’A§§__€7 . Me 1o o Me
AcO Hu,l ~ OAc OSiH 07 N\__/ i,
ACHN moscE v b P o
0 OAc OSL:‘- OH
CH0AC 0
0 <) (e)
A OAc Reagents: L, MeCHO - Eu(FOR), ; Ui, MCPBA i, HF
C
Scheme 1
OAc scheme 1
(5)
o
0 0 CH50A¢ CH,0Ac GH20H
/\/ 0 0 @
Oy, .
i + 0 ——>  (OAc AD Ohc AcO HO NHR
» AcO N OAc
“NH H OH
e 2 0Ts
.l‘. ® (9) R=HOalkyl,
aralkyl,
Scheme 2 monosaccharide

amine derivatives (9) have been synthesized, which are structural
analogues of key pseudodisaccharides present in natural x-glucosid-
ase inhibitors; these derivatives all proved to be more potent than
the parent valiolamine and the corresponding N-substituted valien-
amine.10 A synthesis of peracetylated DL-valiolamine and related
branched-chain aminocyclitols is mentioned in Chapter 18. The
pseudotrisaccharides (10) have also been prepared as potential
glucosidase inhibitors, using conventional reactions from 1,6-an-
hydro g -lactose to form 4-amino-4-deoxy-cellobiose derivatives which
could then be coupled to the cyclohexadiene mono-epoxide a1 .11

CHZOH CH2R CHzo CH2051
[¢] o
HO N o) AcO o
o M OH OH
(10) R = H or OH (11)

A synthesis of the pseudotrisaccharide destomycin C has been
described, using mannose and deoxystreptamine to form a pseudo-
disaccharide which was then coupled to destonic acid to form the
orthoester linkage; inversion at the mannose C-4 centre gave the
antibiotic.12

Syntheses from antibiotic precursors have been recorded for 6'-
deoxy-6'""-fluoro-kanamycin A and -amikacin using DAST, and also for
1-5-[(3) and (3§)-3—amino—2—f1uoropropanoy1]kanamycin.l3 DAST was
also used to make 2),3-dideoxy-2-fluorokanamycin A (12) and its
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l-epimer, coupling the fluoro sugar (13) with the pseudodisaccharide
(14)(Scheme 3); the analogue (12) was only slightly less active than
3-deoxykanamycin, but the l-epimer was inactive.14 N-Palmitoyl-
kanamycin A derivatives have been reported.15

CHpN3 o) NHTs CHaNHa  NHp CHoOH
0 O< 0 NHTs o, NH2 0
+ ——
NHTs @ @ NH2
820 Br o) HO HO o) HO
F OAc 0 F o HO
(13) (14) (12)

Scheme 3

Carbenicillin derivatives of several aminoglycoside antibiotics
have been described, using disodium carbenicillin, forming the prod-
ucts by acylation of the carbohydrate amino groups by the B-lactam
ring, acylation occurring preferentially in the 2-deoxystreptamine
ring; although suitably non-toxic, products were also almost
inactive.

Synthesis of amino-sugars present in amino-glycoside antibiotics
is also referred to in Chapter 9.

a20!

technique was also valuable in analysing kanamycin derivatives.

H n.m.r. study of neomycin B has been reported;17 the 13
A comparative study of desorption chemical ionization m.s. with
molecular secondary ion m,s. as applied to amino-glycoside anti-
biotics has been published; a combination of these methods allowed
unequivocal characterization of compounds containing an aminoacyl
group.18

A large number of complexes formed between aminoglycoside anti-
biotics and trivalent metal ions with an organic indicator have been
studied spectroscopically, and kinetic parameters have been deter-
mined; the antibiotic appears to complex first with the organic
reagent and then the metal ion.

A polarographic method has been described for the quantitative
determination of some aminoglycoside antibiotics, using their
nitroso derivatives.

2 Macrolide Antibiotics

A preliminary communication describes a novel macrolide antifungal
agent, notonesomycin 4, which was isolated from a complex obtained
from S. aminophilus subsp. notonesogenes; it is thought to contain
two deoxysugars linked through a phenolic acid residue (15) attach-
ed to a 32-macrolide ring (the evidence for this was not given in
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this paper).21

NHMe Me
Me o 0 MeO 0
///o o—
QH (15) co

A new component of the algamycin complex has been identified,
algamycin G (containing D-mycinose and the branched-chain sugar
D-algarose), which is produced along with algamycin F by a strain of
S. avidinii. Two major macrolide components of chinese nystatin,
nystatin A, and polyfungin B, have been identified; they contain two
monosaccharide units, 2,6-dideoxy-«x-L-ribo-hexopyranose and 3-amino-
3,6-dideoxy-8-D-mannopyranose, linked glycosidically to a 38-member-
ed hexa-unsaturated macrolide ring.

A large number of ester derivatives of tylosin-related anti-
biotics have been prepared, in which the hydroxy groups at C-3 and
C-4" (mycarose) were acylated either chemically or enzymatically;
most derivatives showed excellent in vitro activity, but only the
3,4"-diacyl derivatives of tylosin and macrocin showed any in vivo
efficacy relative to the parent compounds.24

A study of the biosynthesis of the sugar units in chlorothricin
has shown that formation of the 2,6-dideoxy-D-arabino-hexose units
involves replacement of the 2-hydroxy group in glucose by hydrogen
with inversion, contrasting with retention previously observed in an
analogous case for granaticin.25

The 2,4-di-C-methyl-D-galactopyranose derivative (16) has been
rearranged to the furanose isomer (17) and hence to the derivative
(18)(Scheme 4) required for the synthesis of an erythronolide ring
fragment.2

o ¢ cHO Et
OMs 6 CH:
MsO /— O N e S e oBn
5 + >
OBn M P ve + oan  GHeOM SEn
Me Lo ?f n-¢@f05n Me OMe

(16) Me ) (18) "

nks : L, MeNO,- Mol.Sieve 4A
Reage: , MeNO, - Mol.Sieve Scheme 4

A study of the biosynthesis of avermectins by S. avermitilis
using [1-13d -glucose showed products labelled at C-1 in both
oleandrose units of the disaccharide sidechain.27
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3 Anthracycline and Related Polycyclic Antibiotics

A new anthracycline antibiotic, viriplanin A, has been isolated from

Ampullariella regularis; it is related to arugamycin and decilo-

rubicin, containing 2-deoxy-L-fucose, 4-0-mesoconoyl-L-diginose and
deilonitrose attached to the aglycone viriplanol.28
A potent new anthracycline antibiotic, oxaunomycin, has been
identified as 7-0-(«-L-daunosaminyl)-g-rhodomycinone; obtained from
a blocked mutant of a Streptomyces strain producing baumycin, it is
~100 times more cytotoxic against L1210 leukaemia than doxorubicin?‘9
Structural studies on the antitumour antibiotics rhodilunancins
A and B obtained from a S. violaceus variety show that they are
identical to cosmomycins A and B respectively (see Vol.19,p. 180).3

A mutant strain of S. violaceochromogenes has yielded an anti-

biotic cinerubin X, identified as an «-L-cinerulosyl(l—>4)-x-2-
deoxy~L—fucosy1(1—+4)—a-L—rhodinosyl—e—pyrromycinone,31 and microb-
ial glycosidation of «-citromycinone using a mutant strain of S.
galilaeus has yielded a new antibiotic CGl2, which is 10-0-(cinerul-
osy1—2—deoxyfucosy1—rhodosaminyl)—M—citromycinone.32

Minor cogeners of elloramycin obtained from S. olivaceus have
been characterized; elloramycins B-F contain either the same 2,3,4-
tri-0-methyl-«-L-rhamnopyranosyl monosaccharide unit present in
elloramycin, or its 2,4- or 3,4-di-0-methyl analogue, with or with-
out minor modifications to the aglycone.

Further work on the synthesis of C-glycosyl isosters of anthra-
cyclines has been reported, extending functionalization of the
aglycone (see Vol. 18, p.181, ref.AZ).34

A total synthesis of 9-aza-N-(trifluoroacetyl)-4-demethoxy-
daunomycin has been reported, including its 7-epimer; both were
inactive as antitumour agents.

N'-Substituted derivatives of doxorubicin and daunorubicin have
been reported,36’37 including analogues of the hyperactive 3'"-cyano-
4"-morpholinyl-doxorubicin (see Vo0l.18, p.179); an iminium inter-

mediate which leads to this latter product (19) can also undergo
cyclization with the sugar 4'-hydroxy group, giving the bicyclic

O OR O OR
Me Me
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adduct (20).37

10-Acetyl-7,8-dihydroxy-xantho [2,3-f] tetralin glycosides of
daunosamine have been synthesized as angular chromophore analogues
of anthracyclines; whereas Koenigs-Knorr coupling of the cis-8,10-
dihydroxy epimer worked satisfactorily to give (21)(R =0H), the
corresponding trans isomer did not, a fact attributed to facile

intramolecular hemiacetal formation.38 2'-Fluoro-3'-deamino
R (0] R
C O CH,
R ¢} R l
CHoOH O
Q

oH 22) R=H or OH
Me 0 (21) R=H or OH HO (@2) o

NHo

NHCOCF:
HO 3

analogues of daunorubicin and doxorubicin have been prepared; the
expected strengthening of the glycosidic bond in these derivatives
was reflected in their increased antitumour activity with decreased
toxicity relative to the parent compounds.39

A series of anthraquinonyl glucosaminides (22) have been synthes-
ized conventionally to test the role of the aglycone hydroxy groups
in antitumour activity.40

Furanoside analogues of daunorubicin or adriamycin have been
41 42 he

latter sugar coupled to daunomycinone gave compounds which were less

prepared, derived from D-ribofuranose and daunosamine;
active than the pyranosyl analogue, but were much .less toxic and
therefore had a more favourable therapeutic index.

4-Demethoxydaunorubicin has been synthesized.43

The total synthesis of the disaccharide unit in olivomycin A,
using L-threonine as the precursor, is mentioned in Chapter 3.

A number of new antibiotics have been reported which have related
polycyclic aromatic aglycones O- or C- glycosically linked to sugars.
An unidentified strain of actinomycete (J 907-21) has yielded elsa-
mycin A (23) and B (24), which are relatives of chartreusin; the
greater activity of elsamycin A correlates with its greater water
solubility imparted by the aminosugar.44 New angucycline anti-
biotics, urdamycins A-F, have been described. The main component,
urdamycin A, has the structure (25).45’46
Another component of the lactoquinomycin complex has been
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Me HO
Me
O 0 (23) R= ° He = @
OH Me HoN MeO
) 0 0 MeC on HaN
24) R=H
Ho 0 @9
R

n @
R =
(olivose) 0 m em

(28) (rhodinose) OH

identified; lactoquinomycin B (produced by S. tanashiensis) is the
aglycone 4a/10a epoxide derivative of lactoquinomycin A (see Vol.19,
p.186).l’7 New quinone antibiotics, benzanthrins A and B, have been
isolated from nocardia lurida, and characterized as isomeric di-
glycosides (26) of a trihydroxy-benz [a] anthraquinone chromophore;

NMeo

OH (ango'osamine)

A R'= H,R*=OH (rhodosamine)
8 R'=0H,R%H (angolosamine)
OH [¢] OH
nogalamycin is so far the only other example of an antibiotic con-
taining both O- and C-linked sugars.[‘ A synthesis has been develop-

N

COMe Me OMe M S)MOM omMom
) H
N

MOMO MeO,C
~Me
NicoMe +
MOMO

CHa05: %+ OMe OMe

oMoM
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ed for the nogalamycin analogue (27), forming the C- and O-linked
glycoside as indicated in Scheme 5.49

Analogues of the anticancer podophyllotoxin etoposide (28) have
been prepared by coupling partially protected aglycone and sugar
moieties; both the amino analogues (29) were more active than the
parent toxin. The x-anomer of the 2-amino-glucoside and the 2-N-
methyl analogue of its L-enantiomer were also reported.50

o]

906
R 0

e
(28) 1 R of MeO OMe

29) R =OH,R“=NHy
(29) 4 T OMe
R'=NHy, R%=0H

4 Nucleoside Antibiotics

A highly novel analogue of a nucleoside possessing a 4-membered
oxetan ring instead of the normal furanose ring, oxetanocin (30),
has been isolated from Bacillus megaterium NK84-0218, and identified
spectroscopically, including X-ray crystal analysis.SI’52

Capuramycin, a new antibiotic obtained from an S. griseus strain,
is the allouronic acid-uracil derivative (31), containing a capro-

lactam substituent.53 New nucleoside analogues of gougerotin have

. O
CH,OH 4OH  CONH, Q o
k"}* N R
NH
oM.
OH HN

CH20H MeO OH

(30 M (31 (32 O

been isolated from a culture of B. circulans; bagougeramines A and B
have the same 1-(4-amino-4-deoxy-g-D-glucopyranosyluronic acid)-
cytosine unit as gougerotin, but a guanidino-D-alanine aminoacid
replaces serine in the peptide side-chain.Sa

Some novel protein kinase C inhibitors, produced by Nocardiopsis
sp. K252 and sp. K290, include the component K252d (32), which is the
interesting o« -L-rhamnosyl derivative (in the unusual Acl conformat-
ion) of a double-headed carbazole heterocycle.55 Another paper
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reports a unique adenosine deaminase inhibitor, adecypenol (33),
obtained from a Streptomyces strain, which contains the same cyclo-
pentene structure as neplanocin A and the same base as coformycin,

but the stereochemistry was not established.56
OH OH
N
HN \> Ho CHa0H  (33)
\=N N

Further representatives of the nikkomycin group of antibiotics
have been described (see Vol. 19, p.182), involving more variants in
the aminoacid sidechains attached to the 5-amino-allouronic acid
core.57

The total synthesis of tunicamycins, corynetoxins, and some
analogues have been discussed,58 and a published symposium paper
includes the enantioselective synthesis of nucleoside analogues and
fortimicin aminocyclitols using chiral synthesis achieved by
asymmetric hydrolysis of symmetrical di-esters with pig-liver
esterase.”’

A synthesis of sinefungin has been described, using a nitro-aldol
condensation between a dialdose derived from adenosine and an w-
nitro-aminoacid derivative to build the required Clo—carbon skeleton
of the sugar unit.60

A "much improved" synthesis of cadeguomycin using a standard
sugar/base condensation procedure has been reported,61 and the same
group has described a synthesis of its arabino- epimer.62

Two separate syntheses of octosyl acid A (34) have been publish-
ed; both use dialdose derivatives to construct the carbon chain. In

one route a Diels-Alder cycloaddition procedure was adopted,63

whereas the other incorporated a Grignard addition step (Scheme 6L64

QCHZQ OMe (o]

HOLC
Re

NH
HO Os on | N Ko OBOM _CHO
0. OMe 07y o | s s o Uy
— ——> ——— <<
0><0 (N’.E 63) HO,C o OH (3 4) (reﬁ 64) 0 0
(BOM = Benx.gLoa(gmetth) ><

Scheme 6

A total synthesis of ascamycin results from the 5'-aminosulphat-
ion of a 2-thloro-adenosine derivative followed by acylation of the
resulting amino-group with alanine.65 The synthesis of bredinin has
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been improved.66

A number of 5-(2-subsituted-vinyl)-6-aza-2'-deoxyuridines have
been prepared conventionally from the appropriately substituted
uracil base, or more satisfactorily by modifying preformed
5-hydroxymethyl-6-aza-2'-deoxyuridine via the corresponding 5-formyl
compound; a 5-(3-furanyl) analogue was best made by 2'-deoxygenation
of the ribose analogue, via a 3',5'-tetraisopropyldisiloxanyl
intermediate.67

A process has beendescribed which is suitable for the large scale
preparation of the antitumour -antiviral agent selenazofurin (see
Vol. 17, p.197), giving 41-477% overall yields from perbenzoylated
p-D-ribofuranosyl-cyanide, in turn best made from the l-acetyl
analogue using the TMS-CN/SnCl, procedure.68

Thymidine or 2'-deoxyuridine have been converted to corresponding
3'-amino, 5'-amino, and 3',5'-diamino analogues by a previously
reported methodology; the resulting amino nucleosides were also
complexed with platinum salts, and their biological activity
studied.

A number of 3-p-D-ribofuranosyl-1,2,4-triazolo[3,4-f]1,2,4-
triazenes, related to formycin, have been synthesized, e.g., (35),

70

using a 2,5-anhydro-allonic acid derivative. A new synthesis of

o]
CHo0H
T“" NH OH NH l NH
Y )\NHQ D-Ribose + NH ——>
PhsP

OH OH po- RwF
+ ox- anomer)
(35) Reagents: i, PhSeCl; U, Hy0p (
Scheme 7
showdomycin and its o-anomer using a Wittig reagent with ribose is
outlined in Scheme 7.’! Syntheses have been developed for neplan-
ocin A and quenosine from a common aminodihydroxy-cyclopentyl-

carboxylic acid derivative.72

A synthesis of (%) and (-)-aristero-
mycin is mentioned in Chapter 18.

The carbocyclic analogue of puromycin has been prepared from the
racemic carbocyclic nucleoside precursor, resolving the diastereo-
isomers formed after acylation by p-methoxyphenylalanine; the D-form
is a bacterial growth inhibitor and an excellent subs;gate for

The

enzymic synthesis of 7-hydroxyguanine riboside and 2-deoxy-riboside

peptidyl transferase, whereas the L-form is inactive.

has been described; both showed antitumour activity, the latter

more so. 74
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Tubercidin isomerizes slowly with acid to give «-furanoside and
cleavage products; 2-deoxy-analogues also gave both anomeric
pyranosides and «-furanosides, the A-pyranosides being most stable.

The crystal structure of neplanocin C is mentioned in Chapter 22.

75

5 Glycopeptide Antibiotics
New glycopeptide antibiotics, kibdelins A-D, have been reported,
elaborated by Kibdelosporangium aridum subsp. largum. They contain

the same mannosyl aglycone as the aridicins produced by the parent
strain of these microorganisms, but have 2-amino-2-deoxy-D-glucose
in place of 2-amino-2-deoxy-D-glucuronic acid; the components differ
in the acyl group attached to the sugar amino group, being derivat-
ives of C10 or C12 fatty acids.76 A study of the biosynthesis of
aricidin antibiotics reveals that oxidation to glucuronic acid
occurs as a terminal step, the first-formed peptide core being first
mannosylated then glucosaminylated.7

A 13C n.m.r. study of actinoidins has been recorded, particularly
of the glycosidic linkages involved; x-D-mannosyl, «-L-actinosaminyl,
and «-L-acosaminyl-B-D-glucosyl (B-acobioside) units were identif-
ied from 2D 13C/]'H correlated spectra, using phenyl or methyl
glycoside analogues as references. The synthesis of phenyl aco-
bioside has been separately described.79 The N-methyl-fucosamine
present in neocarzinostatin (see K.Edo et al., Tetrahedron Lett.1985,
26, 331) has been assigned to the D-series by synthesis.

6 Miscellaneous Antibiotics

Novel sulphur-containing sugars have been detected in antitumour
antibiotics PD 114759 and PD 115028. Methanolysié yielded unstable
glycosides considered to be methyl 4-alkylthio-2,4-dideoxy-3-0-
methyl-«- and -g-pentopyranoside (from n.m.r. data), and methyl
2,4,6-trideoxy-4-methylthio-«- and -g-lyxo-hexopyranoside (36) (L~
series assumed); n.m.r. evidence also suggested a third thio sugar
was present, a 4,6-dideoxy-4-mercapto-hexopyranose, which accounts

OMe OCONHz
MiEj CHzOH
OH
iy =< Win
F

CO NHz
(37) (38)
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for all the sulphur present in the antibiotics. Great interest
attaches to the role these sulphur sugars may play in the remarkable
activity of these antibiotics.

A new streptothricin antibiotic, albothricin (37), has been isol-
ated from the culture broth of strain SIPI-2985.82

Nine additional minor components of the avilamycin complex
(orthosomycins), avilamycins F-N, have been characterized; all are
minor variants on previously identified members of the complex.83

Testing fragments of novobiocin for activity against E. coli
indicated that the novenamine unit (38), which includes the branch-
ed-chain sugar noviose, is the active moiety in the antibiotic.84

Pentagalloyl-glucose and related gallotannins have been shown to
be potent inhibitors of glucan synthesis by glucosyl-transferase
from a cariogenic bacterium, S. mutans, an appropriate target for
preventing dental caries.85 Amylase inhibitors have been prepared
from l-deoxynojirimycin using soluble starch and bacterial sacchar-
ifying amylase; up to eight glucose units were transferred, all
linked «-1-—4. Only mono- and tri-glucose derivatives inhibited
p-amylases, whereas all could inhibit of-amylases.86

The total synthesis of the marine toxin neosurugatoxin has been
reported, which involved the synthesis of a D-xylopyranosyl-myo-
inositol derivative and its esterification with a polycyclic
carboxylic acid.87

A series of x-methylidene-urononitriles (39) have been prepared
from corresponding nitro-enoses, which were mostly cytotoxic, some
being antiviral as well.®

o]
NC_ CH 0
g X A
(o] R = Me Bu, ,N 0 0 =
CH= .
OR (cuz)3 Ph, bz oM —_,
Q (A
0oC  (cHp) Me w ——/OMe
(39) TMSO X TMSO X
Reagent: i, ZnCly (40) x=H,0Ac
Scheme 8

An approach to the synthesis of the 6-amino-hepturonic acid
component in amipurimycin has been described, coupling a formyl-
oxazolan derived from L-serine with a butadiene diether in a Diels-
Alder reaction to give the product heptenose derivative (40)
(Scheme 8); the erythro : threo ratio could be controlled from the

zinc chloride concentration and the solvent.89
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Nucleosides

1 General

The novel cytokinin 9-8-D-ribofuranosyl-1'-methylzeatin, referred
to last year, has been shown to have R-chirality in the
1'-methylzeatin unit.1 Clitocine, a new insecticidal nucleoside
from the mushroom Clitocybe inversa, has the structure (1),2 and
the novel nucleoside S-carboxymethyluridine has been isolated from
the urine of certain human cancer patients.3 Inosine has been

identified as the hypotensive agent contained in the dried body of
an Asian animal in the Naja genera.4

NHz2 O
“4
Nk/ \9—
N H
N N~
l )
B-0-Rib-f

Ohno has reviewed the work of his group on the enantioselective
synthesis of, inter alia, nucleosides, C-nucleosides and
carbocyclic nucleoside analogues using chiral synthons derived by
asymmetric hydrolysis of meso-diesters with pig liver esterase.’
Although acyclonucleosides are not discussed in detail in these
volumes, we note an extensive review of the chemistry and
antiviral activity of such compounds.6

Conventional condensation procedures have been used to prepare
B-D-ribofuranosyl derivatives of 5-and 6-alkyl-3-deazacytosine and
-uracil,7 the pyrimidine -2-ones (2), which were reduced to
dihydroderivatives, one of which (3) showed good acid stability
and powerful inhibitory activity against cytidine deaminase,8
4~cyano-5-methylimidazole and the 5-~cyano-4-methyl isomer,9 and 3-
amino- and 3,5-diaminopyrazole-4-carboxylic acid.10 The pyrazole
nucleoside (4) was produced as the only isomer from Koenigs-Knorr

201
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procedures, and this was converted to 2-a8-D-ribofuranosyl-6-
aminopyrazolo[4,3~-c]pyrimidin-4(5H)one (5); similar work in the
2'-deoxy- series gave a mixture of both N-glycosylated isomers of
B-configuration.11

R CH,0H NCCH, CO,Me

N7 HN N/ \> Z
)\ l )\ | BzOCHz NN N
07N 07N HoN TSN /7

| !
B-D-Ribf B-D-Rib-f
(2) R=H,CH,0H (3) OBz OBz

Standard procedures were used to prepare the pyrazino{2,3-c]-
1,2,6-thiadiazine -2,2-dioxide riboside (6), together with the Nl—

ribosyl isomer and an N3, N4 ~diribosylated product,12 the N7
-riboside of uric acid,13 1-a-D-ribofuranosyl-lin-naphthotri-
azole,14 1-a~-D~-ribofuranosyl-2-trifluoromethylnaphth([2,3-d]~

5

imidazole,l and the nucleosides (7) and (8) as a separable

‘*NH2 '1
// N =N
o \ (7) R'=p-D-Ribf,R2<H
! N -Cozﬁt 1 2 )
\N ?1 . (8) R=H,R*=p.D Ribf
p-D- R.Lbf 2
)

mixture.16 Work reported earlier (see Vol. 18, p.192) on the use
of N-octylthiocarbonyl pyrimidines in nucleoside synthesis has
been further discussed.17 A series of 3-deazapurine nucleosides
has been prepared from uridine and the deazapurine base by enzymic
phosphorolysis in conjunction with purine nucleoside phosphory-
lase.18
The pyrazole nucleoside (9) has been prepared from 2,3-0-
isopropylidene-D-ribofuranosyl hydrazine, and the triazole (10)

from tri-O-benzoyl-g-D-ribofuranosyl azide; both were converted

y; \ N// ]:CONHZ
HOCH2 N\ N ACOCH2 \ N NH.Z CHZ OTol B
o] o]
Tol =
p-Toluoyt
0>< OAc OAc 0Tol OTs

) (1o (1) B=Ador v
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to heterocyclic analogues of coformycin. The 2'-0-tosyl
nucleosides (11) have been prepared exclusively as g-anomers by
reaction of the silylated base with the g-methyl riboside in the
presence of stannic chloride, indicating that the steric bulk of
the tosyloxy group can act to direct a ribosylation reaction.20
2,6-Diamino -9-g8-D-arabinofuranosylpurine (12) has been pre-

pared via a cyclonucleoside as outlined in Scheme 1,21 whilst the
sodium salt glycosylation procedure shown in Scheme 2 proceeded to

NHAC NH;
N
X
o .l EX
o< I
ACOC“Z )‘NHAc ik _<N I) v, HOCH2 vy N¢LNH2
o]
' v Sy HO
2 ( 2/
AcO OTs OH
Reagents . i, NHz-MeOH ; ii, Acy0 ; ili, Hp$ ; v, Raney Ni (12)
Scheme 1

give exclusively a B- product, which was converted into the
arabino analogue of toyocamycin (13); a similar sequence in

CH205n , %
OEt / \ f\Nﬁ HaNC
k\ Br ﬁ)( ——
Y
B-D-Ava-f
Scheme 2 (13)
the 2'-deoxy- series also gave exclusively a B-nucleoside.22 Ara-
G has been prepared as indicated in Scheme 3.23 some

4-substituted 1-g-D-xylofuranosyl and l-a-D-arabinofuranosyl

0

HaN co‘</ NH {
H )\ . HOCH2 NH
OcHy N7 TNHj L 2

HO

OH OTs OH
nts: L, Py-Hy0
Reagents: i, Py- HyO (reflux) Scheme 3

pyrazole{3,4-d]pyrimidines have been prepared conventionally.24
B-D-Xylofuranosyl nucleosides of the five naturally occurring
bases have been synthesised by standard glycosylation, whilst the
corresponding «-D-nucleosides were prepared from the oxazoline
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(14) or the corresponding 2-amino-compound, building up the

heterocycle around the nitrogen atom at the anomeric centre.25
NH Bn
CH,0H
N N Me
0 </ l N
OH J
NH o N N
O'é§s CH,QH

(19

oH oH (15)
The A-D-apiofuranosyl nucleoside (15), designed as an adenosine

26

receptor agonist, has been reported. Some other references to

nucleoside synthesis can be found in Chapter 19.

3  Anhydro- and Cyclonucleosides

Reaction of 2',5'-dichloro -2',5'-dideoxyuridine with thiols gives
the 2,2'-anhydro systems (16) (Scheme 4); in the case where R = Ac

CHyCL 0 o)
o U
sk | "
L CHp PhScHy
e oﬁ N o VY N’L 0
OH Ct S v . o)
) i, ik S v .
bk, >,
OH (1) (17) OAc OH

Reogents: , RSH ; ii, NaOMe ; iii, Ac,0;, iv, Na.SPh - ELOH- A
Scheme 4

base treatment gives the thietan system (17), which reacts as
shown with phenylthiolate ion.27 The triflate (18) was the major
product (9:1) in the partial esterification of the stannylene
derivative; both (18) and the 3'-0-triflyl isomer gave the same
6,3'-anhydride (19) on treatment with lithium chloride in HMPA,
indicating a triflate migration in the case of (18) .28

8,5'- Cyclopurine nucleosides such as (20), and 6,5'~cyclo-
cytidine have been formed by intramolecular oxidative photo-
cyclization of the corresponding nucleosides in the presence of

29 Treatmnent of guanosine with

pyrimidino[5,4-g)pterin-N-oxide.
2,4-dinitrophenoxyamine gave a 7-amino derivative which can be
converted to 8,5-0-cycloguanosine and 8-hydroxyguanosine in
aqueous media.3® Further details and examples have been given of
the formation of 5,5-disubstituted 5,6-dihydro -6,2': 6,5'-

di-O-cyclouridines (see Vol. 17, p.laa);31 the formation of 8,5'-
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l NBn cLen | NBn o_</ | Ny
0 N/go : N)QO N NANHBZ
o 90 )
ToL NHTol —
QH OTf y Ny OH nc N\ x
1 '< 1 2
(® o W (19) OIN> (20)
o 0
0.__0O
>< e < e

O-cycloadenosine derivatives such as (21) in the acylation of
isopropylidene adenosine, reported last year (see Vol. 19, p.198),
and the factors involved in the cyclization have been further
studied.?? The 5,5'=-anhydronucleoside (22) was obtained in fairly
low yield on deamination of the corresponding S—aminoimidazole.33

The 2,5'-anhydro-5-hydroxyuridine (23) has been prepared
(Scheme 5); this, in contrast to the acyclic precursors, underwent
hydroxymethylation at C-6 to give a product which was subsequently
converted by ring -contraction to the novel 5'-cyclonucleoside
(24), presumably via intermediate (25).3%

AcO N H N i OH HN OAc

l
MsOCH 2 o

C02H (23) )< HO
NH

CH,
0:’@0 Hocrs N/L\O %

—
o] (¢]
< (29 7S (2
Reagents: i, QH™- EbOH i, OH- HCHO ; iii,, Acy0-Py; v, AGOAC~Py ; v, ON”
Scheme §

2,3'-Iminocyclonucleosides of type (26; R = H, alkyl, Ph, NHMe,
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CHZCOZEt) have been obtained as shown in Scheme 6. On treatment

0 0 0
N N N
R
BzOCH <I\ I \N"’K , R I ‘
z0CH, N N NN
o) - HOH,C o u
] EE— HO —_— 0
H
OMs 26) °
Reagents: i, RNHp; i, OH ™ iii, OH - HyO/EEOH ( o (27)
Scheme 6

with base these compounds underwent ring expansion to the
pyranoses (27), the first case of such a reaction for pyrimidine

35,36 The tetrazole iminocyclonucleoside (28)

cyclonucleosides.
has been prepared by intramolecular displacement of a 2'-0O-triflyl
group.37 Further details have been given of 8,5'-imino purine
cyclonucleosides (see Vol. 17, p.192), together with reports of

intramolecular carbamates of type (29) in the guanosine series.38

0

N 0
N7\ N
HocH, |l N O)kN‘</ [ NH
ol N RT AN NP NHRE
RN o
OH o 0
(29) >l (29

Carbon-bridged purine cyclonucleosides have attracted attention
this year. 2'-Deoxy-8,2'-methanocadenosine (30) has been prepared

as outlined in Scheme 7,39’40 and the guanosine analogue is

NHz
MeSO ~<’ fk r\
H
AcOCH, N) A°O°”2 . OCHZ P
_—
< ) Cozst

OAc OTs OH (30)

Reagents: i, (Eb0C),CHNa - THF- &  ié, Hy0-Py; iii, NH3 ag.
Scheme 7

similarly accessible.*° 2'-Deoxy-8,2'-ethanoadenosine (31) has
been synthesized by a route (Scheme 8) involving photochemical
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cyclization, and the 8,3'-analogue can be prepared similarly.‘q‘1
o HOCH2
_< / 0 Ad n SPh .
St N
\( 1} 2
o COLE % (31) R=H
Ysaao z (32) R=0OH

Reagents: i, NoaBH4 ;u, LAH ; iid, MsCL-Py ; iv, PRSK-DMF; v, hv - POMe); Vi, BuNF
Scheme 8

The same Kkey cyclization was employed, at a higher oxidation
level, for the synthesis of 8,2'-ethanocadenosine (32) and the
8,2'-methano analogue,ﬂ'2 and for the preparation of 8,2'-methano-
guanosine (33) .43 Photolysis of (34) in the presence of tri-
methylphosphite gave the 8,6'-methano system (35), but only in low

yield, with the major product being the 6'-deoxy nucleoside. %4
0 Ha
N
‘</ ] " CHpSPh /r\N
HOCH P 2 HO
2 N/LNHZ HO Ad N N)
0 [¢]
OH OH 0] (0] (0] o
- > ><
3 (34) (35)
CH,‘,OTBDMS OMe ~ Q
I
CHy 6s
beps HOCH
CHZ /LOM 3\{—) \ 2 I /Lo
OH
36
OH OH ( )

Scheme 9

6,3 '~Methanouridine (36) has been synthesized from D-xylose by
a sequence involving intramolecular glycosylation (Scheme 9).

4 Deoxynucleosides

Standard procedures have been used to prepare 2'-deoxy-«- and 8-

D-ribofuranosides of 5-cyclopropyluracil, 46 5-trimethylgermyl-
uracil, 47 8-aza-7-deazaguanine, 48 and 6-oxoallopurinol. 49 i
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Deoxy-~5-azacytidine has been prepared,5° as has its 6-oxo-

analogue.51

The 2'~deoxy-, 3'-deoxy- and 5'-deoxy-g-D-ribofuranosides with
the same aglycone as (15) have been prepared,26 and a series of 3-
deazapurines have been linked enzymatically to 2-deoxy-, 5-deoxy-
and 2,5-dideoxyribose.18

An enzymic synthesis of 2'-deoxyribonucleosides doubly
deuteriated at the 2'- position is outlined in Scheme 10,
whilst Scheme 11 indicates in outline chemical methods for stereo-

52

cH0® 20@ CH20H CHZ%H .
pon — k 7«01-1 RLEN k 7| N
OH D OH D

Reagents: i, 2-deowyribose-5-phosphate aldolase - 020 3 U, Phosphopm,bomumsz;
@, Purine nucleoside phosphorylase or thymidine phosphorylase
Scheme 10

CHZOR CHoOH
o} o_ 8 R= 4-methoxybribyl
—_— > D (MMTV)
OMe
CHa0R 0 CHZ0Tol H CHaOH
0. _OMe 0. OMe o B
o —— OMs ——
D OH D

Scheme 11
specific mono-deuteriation at the same position.53 Reduction of
the epoxide (37) has led to a convenient synthesis of 9-(3'-deoxy-
B-D-threo-pentofuranosyl)adenine (38; X=H), a constituent of

agrocin 84, and its monodeuterio analogue (38; X=D) (Scheme 12).5

NHMMTr
MMTrOCHz < I\/I CH,OH
. B o. Ad
L w
~ HO, ——> HO
(37) x X (39

Reogents: i, LiALX4 (X = H,D) ; ik, HOAC (RT)
Scheme {2
A photosensitized electron- transfer reaction has been used for

the selective deoxygenation of secondary alcohols in ribonucleo-
sides, as outlined in Scheme 13. Best yields were obtained with
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m-[trifluoromethyl]benzoyl esters, but simple benzoyl esters gave
good yields in reasonable times if magnesium perchlorate was

present.55
CHROR CH30R
o. B ‘ 5. B B= Ad,U
—t R= Avoyl
OR OR

Reagertts: i, hy - N-methylcarbazole - PriOH- HyO
Scheme 13

Methods for the preparation of [8-13C]-deoxyadenosine have been
compared,56 and 5,6-dideoxyheptofuranosyl nucleosides have been

prepared by Wittig chain extension of 5'-a1dehydes.57

5 Halonucleosides

58 and

2-Deoxy-2-fluoro-g-D~arabinofuranosyl derivatives of guanine
some 5-alky1urac11559 have been prepared conventionally. 2',3'=-
Dideoxy-3'-fluoro-D-ribofuranosylbenzimidazole has been
synthesized.60
The isomer (39) was the major product formed when the 2',3'-
alkene was treated with sulphenyl chlorides; presumably the ribo-
thiiranium ion predominates, and is opened stereoselectively.61
A Kiliani reaction of L-erythrose with labelled cyanide was
used to prepare 5'-chloro-S'—deoxy-[s'-13C]-adenosine, and hence

lavelled adenosyl cobalamin.62

6 Nucleosides with Nitrogen-substituted Sugars

When mesylate (40) was treated with azide ion, substitution
occurred predominantly with retention via a 2,3'~anhydride if
R = H, Me, whereas for R = I, F, direct substitution predom-
inated.63 3'-Azido-3'-deoxy analogues of BVDU have been
reported,64 and 2'-azidopentopyranoses of type(41) have been
prepared in racemic form.65 When the 2'~0-triflyl precursor of
(28) was treated with azide ion, a 2'-azido-2'-deoxyarabinofurano-
syl nucleoside was formed.37 A series of 5-amino-and 5-acylamino
-5-deoxyribofuranosyl derivatives of thymine has been prepared,66
as has the 5'-amino-5'deoxy derivative of ribavirin.®’

Pyrimidine nucleosides of N-acetylneuraminic acid have been
prepared, with g-anomers predominating under Koenigs-Knorr con-

ditions.68
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NBz, Q X
/N Ny HN R \N
AcOCH, < ! /
o N N) TrOCHZQ N ON
cL
(39)
44
SR (40) ( )
CH,0Ac
AcO — 0 N x  (CHa), CINH I e g
/X o) NH
N X
3 ¢ Va W
N
dac Nou i OH OH
(42) NHz (43) (44)

In work similar to that reported last year (Vol. 19, p. 201),
3,4,6-tri-0-acetyl-2-deoxy-2-nitroso-a-D-galactopyranosyl
chloride was shown to react with pyrazole to give products of type
(42); additional chemistry was carried out at C-2' and c-31.%°9
Some bridged adenosine - isocytosine derivatives (43; n = 2-7)
have been reported, but without the anticipated anti-bacterial

activity.70

7 Thionucleosides

When the product mixture containing (39) was deprotected and then

treated with methoxide ion, the 2'-ene thioethers (44) were

obtained. %!
The unsaturated thiocether (45) has been prepared as outlined in

Scheme 14.71 When Nﬁ—benzoyl—Z',3'-g—isopropylidene adenosine

CHO CH(sBuY, ,
o Ad(N%82) sBut o Ad
i & -
G —_— Y
-
Bz OBz (46) OH OH
Reagents: i, MessistL—Meas.;ow ; W, Bry ; Ui, DBU ; iv, NH3- MeOH (#5)
Scheme 14

was treated with tributylphosphine and dialkyl disulphides in
the presence of excess of the corresponding alkylthiols, the
5'deoxy-5'-thioalkyl derivatives were formed; when a similar
reaction was carried out on the hydrated form of 2',3'-O-cyclo-
hexylideneuridine-5'-aldehyde, a dithioacetal similar to (46)

was produced.72
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8 Nucleosides of Unsaturated Sugars, Ketosugars and

Uronic Acids

The unsaturated ketonucleosides (47) have been prepared from the
a-L-rhamnopyranosyl nucleosides, and the 5'-epimers were produced
from 6-deoxy-8-D-glucopyranosyl nucleosides.73 The theophylline
nucleosides (48; n = 5,6) were synthesised in a multistep

sequence.74 2',3'-0-Isopropylidene-4'-keto-e~L-rhamnopyrano-

syluracil has been reported.75
Thymidine-5'~carboxylic acid and 2'-deoxyuridine-5'-carboxylic
acid, previously known as synthetic compounds, have been isolated
from the ascidian A. Fuscum.76 Some NG—alkyladenosine-S'- uron-
amides have been reported.77 8-Bromoadenosine~5'-carboxylic acid
was prepared by oxidation of the hydroxymethyl compound:78 its
esters could be converted into 5'-uronamides and thence into
8-alkylamino derivatives.’? 8~-Bromoadenosine-5'-carboxylic acid
was also converted in two steps into the 8,2'-S-anhydronucleoside
(49),80 and arabinofuranosyluronamides (50) have been prepared

81

from the 8-2'-anhydrosystem. Some N6-a1ky1adenin-9—yl-3—

D-glucofuranuronosides were prepared in Vorbriggen-type proced-

ures. 82

NHo

o Ad °- CH20(CHp),COH NH,
(Ta:g-ehe,) 0 Th : N Et Me /N AN
o=(Me / , IV RN*{ I N
_— \ COEE /) Yo WY P
HO

N
B20 (47) ] 5 o\s N
R{CONHZ (4 ) » (49)

HOCH, ¢ NH, OH  (50)
A" M= \H2 7 Nnuy
N TN
N /N
-D-Rib- N AN N N
OH OH ? ot g D\R./ibf \/ (54)
52 -0-Ribf -D-Rib-
(51) (52) (o3 B-D-Rib f

9 C-Nucleosides

The approach to C-nucleosides involving [4+3] cycloaddition to
furans, developed by Noyori and his group, has been reviewed.83

A process suitable for large-scale synthesis of the antitumour
and antiviral agent selenazofurin has been reported; this includes
a new direct preparation of the useful intermediate 2,5-anhydro-
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3,4,6-tri-0-benzoyl-D-allononitrile by treatment of 1-O-acetyl-
2,3,5-tri-0-benzoyl-g-D-ribofuranose with TMSCN and stannic
chloride.®% an improved route to tiazofurin has been described,
along with 5'-0O-sulphamoyl and -carbamoyl derivatives,85 and the
5'-amino-5'-deoxy- and 5'-deoxy-5'-thio analogues.67 The tiazo-
furin analogue (51) containing a pyrrolidine ring is the first
example of a C-nucleoside analogue with this feature.86 The thia-
and oxadiazoles (52; x = 0,S) have been prepared from 2,5-anhydro-
D-allonic acid,37 and some 2-8-D-ribofuranosylpyridines have been
reported.88
The 5'-deoxy-5'-halo derivatives of formycins A and B have been
9 and the
B-D-xylofuranosyl analogue of formycin has been prepared from D-
90 The S-triazolo[4,3-a)-
pyridine analogue of formycin (53) and the S-triazolo [1,5-a]-
pyridine (54) have both been synthesized from 2,5-anhydro- D-
allononitrile.91 Some furo[3,2-d]pyrimidine C-nucleosides,

shown to inhibit certain enzymes of purine metabolism,8

mannose in a stereoselective manner.

isosteres of adenosine, have been prepared,92 and previously
reported pyrrolo- and thieno[3,2-d]-pyrimidines have been modified
at C-2' (deoxygenation, stereochemical inversion, halogenation)
via the 3',5'-cyclic disiloxanyl derivatives.93 An alternative
approach to the synthesis of pyrrolo([3,2-d]-pyrimidine C-nucleo-
sides has been described.®*

Further studies have been reported on the palladium-mediated
coupling of furanoid glycals to give C-nucleosides (see Vol.17,
p.195); a- or B~ compounds are available depending on the nature
of the substituents at 0-3 and 0--5.95

wWhen (55) was subjected to acid hydrolysis for deprotection,
only the B-D-pyranoside could be isolated.96 Four different
nitrogen heterocyclic systems were formed by annulation on to C-1

of the anhydro-L-mannose derivative (56).97 The homo-C-nucleo-
o CO,EL
N
/ N N NHy == -Me
TrOCH, P o CHloMe), | \ o
N
0 N 0Bz N 0
%Hz CONH,
o8z 0 -Rib-f HO
o.__0 CH,0Bz - OH
>< | -7 °N58
(55) (56) (58

side (57) has been synthesized via a Wittig reaction of 2,3-

O-isopropylidene —5-g-trityl-D-ribofuranose,98 and C-glycosyl-
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furans such as (58) have been prepared from cyanoacetamide and a
dialdehyde.??

10 cCarbocyclic nucleoside analogues

The chemistry and biological properties of carbocyclic nucleoside
analogues have been reviewed.loo

The racemate (59), formed by cleavage of a Diels-Alder adduct,
has been converted into the carbocyclic C-nucleoside analogue
(60); the "2'-deoxy" compound and its c-anomer were also

(Meo) ,cH COyH X X
SMEEN

[¢) (o]

><
(59) OH OH (60)
prepared.lm' A Curtius rearrangement of (59) with diphenylphos-

phoryl azide gave a route to the carbocyclic analogue of uridine;
again both anomers of the 2'-deoxy system were also prepared, and
converted into carbocyclic analogues of BVDU.IO2 A stereospecific
route to (+)=~carbocyclic 2'~deoxyuridines involves the opening of

epoxide (61) as a key step (Scheme 15).103
(o]
HN
’ : = ’ J\ |
! v A
“\‘Q“OSL\_* - O = ocw,Y N
ohlu. i‘ 2
HO
)
Reogents: i CHp»CHMgBr Cu,l,-THF OH
Scheme 15
0

u

(63) x=0H, Y=H : (
65) 66)
64) X=Y= OH
% v (64)
Carbocyclic uracil and 2-thiouracil analogues (62)-(64) have
been reported, using modifications and improvements on earlier
work.m‘ The stereoisomers (65) and (66) have also been
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synthesized, as have their 2-thio analogues, starting from

105

endo -5-norbornen-2-yl acetate, and an alternative way of using

the same starting material to synthesize (66) has also been
described by other workers.106

A new synthon for carbocyclic C-nucleosides has been prepared

and used as indicated in Scheme 16.%°7
AcO CH=C(coyMe) Ph
. 2 - CH,0H CHco,Me), N
—_ —_ N
J OAc w HocH, MO\ 4
CozMe T OH
COzMe o 0o

>

Reagents: i, 0504~ NMMO i, Me,C (OMe),-H Jil, K2 003~ NaBH a=Me oM jiv, PRC(ENHNMZ OXO
Scheme 16

Carbocyclic analogues of 5'-amino-5'-deoxy- and 3'-amino-

3'-deoxythymidine have been prepared from previously known cyclo-

108

nucleosides, and the puromycin analogue (67) has been

reported.log A synthesis of aristeromycin is mentioned in Chapter
19.
Ntes CHaOH
RN o Ad
Me // I /T
MeO N N7
e
0.0
Vi .
o’ N-o
NH  OH
o (e1) (68)

11 Nucleoside phosphates and phosphonates

As in previous volumes, standard syntheses of oligonucleotides are

not discussed. A review has appeared (in Czech) on chemical and

32P-labelled nucleoside mono-, di- and tri-

110

enzymic synthesis of
phosphates and 2'-deoxynucleoside phosphates.
Guanosine -5'-monophosphate has been prepared by reaction of
2',3'-0-isopropylideneguanosine with PCl, and anthraqui?gne in
Phos-
phodiesters have been obtained by condensation of nucleotides in

dioxan and a stream of oxygen, followed by hydrolysis.

aqueous medium with an alcohol in the presence of a water-soluble

112 The spin-labelled 2'-deoxyadenosine derivative

d.113

carbodiihide.
(68) has been prepare
A review has been given of the use of the p-nitrophenylethyl
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and p-nitrophenylethoxycarbonyl protecting groups in nucleoside
and nucleotide synthesis; the latter group gives new approaches to
oligonucleotide synthesis if it is used instead of acid-labile
mono- and dimethoxytrityl groups.114 The 2-(2-pyridyl)ethyl group
has been advocated for the protection of internucleotide
phosphates; it is removable by methyl iodide in acetonitrile.
A series of 3'-phosphoramidite derivatives of 2'-deoxyribo-

nucleosides protected at 0-5' have been synthesized in connection
116

115

with oligonucleotide synthesis, and the non-aqueous oxidation
of nucleoside phosphites to phosphates has been studied, with bis-
(trimethylsilyl)peroxide in the presence of trimethylsilyl
triflate being proposed as the best reagent.117

A simple method has been reported for the synthesis and
h.p.l.c. separation of the diastereoisomers of the a-thio
analogues of ATP and dATP,118

thiocates have been synthesized via the separable diastereomers

and some dinucleoside phosphoro-

(69), followed by stereospecific conversion (overall retention)

into phosphorothioates (Scheme 17).119 Nucleoside 3', 5'-cyclic
DMTxOCH,y o B O/CH2 0 T N O/)
5 b, W / 5
T
0—P
— o 3/ oH
0 P\W,OCHZ s

? o// o) \ccua (69)

Reagents: i, Zn-Py-TMSCL; i, Sg Scheme 17

phosphorothioates have been conveniently synthesized by treatment
of the nucleoside (N-protected if necessary) with bis(p-nitro-
phenyl)phosphorochloridothioate, and cyclization of the 5'-bis
(p-nitrophenyl)phosphorothioates with potassium t-butoxide in DMF;
the Sp isomer predominated (ca.4:1) in each case. 120

Treatment of cyclic AMP tributylammonium salt with alkyl
halides in dimethylacetamide produces the corresponding triesters,
with axial alkoxy groups predominating.121 2'-Bromo-and 2'-
chloro-2'-deoxy analogues of c-AMP have been prepared, and prevent
the development of disseminated intravascular coagulation.122

Two good methods have been developed for the synthesis of 2'-~
deoxynucleoside =-3'-hydrogenphosphonates (70).123 A chiral deriv-
atizing agent was used as a blocking group for the 3'-OH function
to facilitate the resolution of diastereomers of methylphosphonate
dinucleotides by column chromatography.124

The cyclonucleoside phosphonate (71) has been prepared from

2,3'- anhydro-1-g-D-fructofuranosyluracil via the 4',6'-TIPDS
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derivative.l2® Appropriately protected intermediates were ring-

opened and deoxygenated to give 1'-phosphonomethyl derivatives of
arabinofuranosyl- and deoxyribofuranosyluracil.126 When tri-o -
acetyl-8~-bromoadenosine was photolysed in the presence of
triethyl phosphate, the 8-(diethylphosphono)adenosine was formed,
and an intramolecular version of this reaction was also carried
out (Scheme 18).127 The synthesis and antiviral activity of some
nucleoside 5'-phosphonoformates (72) have been reported.128

The kinetics of hydrolysis of AMP at high temperatures in the

pH range 5.9-8.7 have been studied.12?
NH2

o NHg
N X 0] t N \\
/ N ¥
ELO),P-0-CH af‘< | 0~ _< I
(€0, 2 b Sy 0
-—>

Scheme 18
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12 Ethers and Esters of Nucleosides

The 02'-methyl ethers of adenosine and uridine have been prepared
by the reactions of 2',3'-0~(dibutylstannylene) nucleosides with
diazomethane.13?
02'-Methy1uridine, 02'-methy1cytidine, N4,02'-dimethy1cytidine,
and N4,N4,02'-trimethylcytidine have been obtained from the common
intermediate (73).131 When ribonucleosides were treated with

trimethylsulphonium hydroxide in the presence of magnesium or
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calcium ions, selective methylation at 0-2' took place, most
successfully with 3-~a1ky1uridines.132

Separable mixtures of 2'- and 3'-0-(4-methoxybenzyl)
nucleosides were obtained through the use of 4-methoxyphenyl-
diazomethane and stannous chloride,133 and 2'-0-(3,4-dimethoxy-
benzyl) nucleosides have been prepared for use in oligonucleotide
synthesis; the group can be added selectively in the case of
adenosine, or, in the case of N-protected uridine, via the 3',5'-
TIPDS derivative.134 Nz—Phenylacetyl =5'-0-(9-phenylxanthen-
9-yl)-2'-deoxyguanosine has been prepared as a crystalline
compound suitable for oligonucleotide synthesis.135

2'-Deoxy -3'-O-triisopropylsilylribonucleosides have been
synthesized by reaction of 5'-O-aryl derivatives with the reagent

combination iPr3sic1-DMF-pyridine—Pb(N03)2, followed by

deacylation.l36 The 2',3'-0-TIPDS derivative of ara-uridine has
been prepared, and shown not to be mutually interconvertible with
137

A study has been made on the formation and
138

its 3',5'~-isomer.
stability of 3',5'-0O-dialkylsilandiyl deoxyribonucleosides.
Guanosine and 2'-deoxyguanosine can be acylated in high yield
on the sugar unit but not the heterocycle by use of an acid
anhydride and DMAP in acetonitrile/triethylamine.139 2'-Deoxy~-
ribonucleosides have been converted efficiently into their
5'0-aroyl derivatives by treatment in pyridine with a dilute
solution of the aroyl chloride in pyridine,14° whilst in the
ribonucleoside series peracylated systems can be selectively
unblocked at 0-2' and 0-3' in yields above 80% by the use of

141 Additionally, peraroylated ribo-

sodium methoxide in THF.
nucleosides can be selectively deprotected at 0-2' only, using
potassium t-butoxide in THF or dichloromethane at low temper-
atures.l42 Selective acylation of uridine gave 2'- and 2',5'-di-
-O-acyl derivatives in excellent yields under controlled
conditions. The 2'-0O-acyl groups migrated to 0-3' on silica
gel.143 Treatment of ribonucleosides with dibutyl tin oxide and
phenyl isocyanate gave the 3'-O-phenylcarbamoyl system prefer-
entially, whereas the selectivity was for the 2'-oxygen with
phenylisocyanate and tertiary amines (see also Vol. 16, p.216).14
Three 3'-esters and twelve 5'-esters of 5-ethyl -2'-deoxyuri-
dine have been synthesized as potential antiviral prodrugs. Most

were as active as the parent compound, indicating ready hydro-
145

4

lysis.
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13 Miscellaneous Nucleoside Analogues

Some 5'- and 3'-O-aminonuclecsides have been synthesized by
methods including the opening of 02,5'-cyclonuc1eosides with

146 purther uDPG analogues, similar to one
147

hydroxyphthalimide.
reported last year (see Vol.19, p.209), have been described.
The reactions of ketonucleoside (74; B=thyminyl, theophyllinyl)
with dimethylsulphoxonium methylide have been investigated. Under
certain conditions the a-L-galacto product (75) was produced,

indicating epimerization at c-11.148
Me 0 0 Theophylline
o B 0 0
0 0 "7#‘0
(74) (75)

14 Reactions

A review (in Japanese) is available concerning regioselective
chain extension from the 5'- position of nucleosides.149 Such
compounds are accessible via the aci-nitro esters of type (76),
which are prepared by Mitsunobu reaction of the 5'-ol with the p-

nitrophenol, on reaction with phosphoranes (Scheme 19).150

o cro-{
N

O-CH
20 B = o_ B

(7€) 082 OBz OBz OBz

Reagent: i Ph,P=CHCO,EL Scheme 19

It has been shown that tetrahydrouridine (77), and other ribo-
furanosides of fully reduced cyclic ureas, undergo a rapid acid-
catalysed isomerization to the B-D~ribopyranosyl isomers, which
predominate at equilibrium. In the case of tetrahydrouridine,
the pyranose isomer was synthesized by the Vorbruggen procedure,

and shown to be the same as material produced by isomerization of

(77)}51

The 4,4',4"-tris(benzoyloxy)trityl group has been used to
protect the amino functions of the bases in deoxyribonucleosides,
and it was found that this group confers increased acid stability

to the N-glycosyl bond in deoxyadenosine.152
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Further work has been reported on the periodate-borohydride
cleavage of guanosine to the triol (see Vol.18, p.205), and the
same reaction has been applied to 5'-modified guanosines.153

A study has been made of the degradation of adenosine in
aqueous alkali, to give ultimately adenine and D—ribose.154 As
part of a detailed kinetic study, S-bromouridine was found to give
with aqueous alkalis some 6,5'-anhydro-6-hydroxyuridine, which
then decomposed to non-chromophoric products; the major course
of the reaction was ring contraction to give 1-g-D-ribofuranosyl-

155 B-D-Arabino-~ and

2-oxo-4-imidazoline-4~ carboxylic acid.
B-D-lyxofuranosyluracil react with agqueous alkali much more
rapidly than does uridine, and the mechanism of decomposition
seems to involve participation of the 'up' 2'-hydroxy group.156
The rates and products of aqueous degradation of g{g-cytidine and
5-azacytidine have been studied. 7
A further report has appeared on the reaction of the antitumour
agent gz-methyl—9—hydroxyellipticinium acetate with nucleosides
and nucleotides (see Vol.lQ,p.209).158 In work designed to model
the skin-sensitization reaction of psoralens(furocoumarins), the
photoadduct (78) was identified as a product of photolysis of
adenosine and 5,7—dimethoxycoumarin.159
In connection with work on the mechanism of action of
cisplatin, the first example has been found of a facile reaction
between thymidine and substituted thymidines and a cis-platinum

(II) complex to give an adduct characterized by 31p ang 1H n.m.r.

methods.16°

15 Spectroscopic and Conformational Studies

F.t.-i.r. and laser Raman spectra have been recorded for cytosine
and cytidine; comparison of the spectra permitted identification
of bands characteristic of the sugar and of the pyrimidine.161 A
similar study has been done on guanine and guanosine.162
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13. chemical shifts and lJCH values for a

series of g-D-nucleosides, it has been shown that the sugar

From an analysis of

carbons and the configuration of the 2'-hydroxy group can be

163

unambiguously assigned. Somewhat similar criteria have been

used to determine the configuration of 2'-deoxyfuranosyl

164

C-nucleosides, and 1H n.m.r. has been used for assigment of

configuration to carbocyclic analogues of 2'-deoxyribo-C- and N~
nucl'eosides.165
The conformation of 4-0O-ethyl -2'-deoxythymidine has been

166

studied by 1H-n.m.r" and 8-bromo -2',3'-0O-isopropylideneadeno-

sine has been shown to have a rigid syn-conformation in apolar

solvents due to an OH-5'-N-3 hydrogen bond, on the basis of 1H—

167

n.m.r. studies. The solution conformations of deoxynucleotidyl

(3'+5') arabinofuranosyl nucleosides have been studied by
n.m.r.,168 whilst the conformational mobility of deoxynucleosides
has been investigated using solid-state 2H-n.m.r. of the 2'-
dideuterio derivatives (Scheme 10).52
The 13

derivatives has been assigned.

C-n.m.r. spectrum of wyosine and some N-methyl
169

A study of the mass spectra of halonucleosides has permitted

170 and the mass

differentiation between positions of halogenation,
spectral fragmentation of trimethylsilyated nucleoside 5'~ phos-
phoramidates has been elucidated and compared with the patterns of

171

the 3'-isomers. Negative-ion FAB mass spectra have been used

to identify products and impurities during the synthesis of

172 Further references to mass

nucleoside 3'-phosphoramidites.
spectrometry of nucleosides are given in Chapter 22.

U.v., c.d., and 1H n.m.r. spectroscopy were used to study
stacking interactions in (79; Ar = Ph or indol-3yl), models of

aminoacyladenylates, to provide insights into the substrate

specificities of t-RNA synthetases.173
O“
y
CH2
2 o OH
Ph

Studies of the solution ordering of guanosine -2'-monophos-
phate dianions, with alkali metal ion as structure directors,
support the stacked tetramer model for nucleoside ordering.174

X-ray structures of nucleosides are mentioned in Chapter 22.
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Some structures with similarity to nucleosides are referred to

in Chapters 10 and 11.
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N.M.R. Spectroscopy and Conformational
Features

1. Theoretical and general considerations

Reviews on high resolution solid state 13C-n.m.r. spectroscopy and
its application in carbohydrate chemistry and on 2D n.m.r. tech-
niques for structure analysis of carbohydrates have appeared.

Empirical force field calculations on the simplest acyclic diols
show that there is a tendency for 1,2-diols to adopt the gauche
0-C-C-0 conformations. In protic media, these conformations are
stabilized by specific activation. The stereochemical properties
of the glycosidic linkages in flexible pyranose rings have been
studied by PCILO quantum chemical methods. The energies of thirty
six conformers were calculated, as were the influences of solvent on
the equilibrium and hence the magnitude of the exo-anomeric effect.
The calculations showed that the exo-anomeric effect is in the range
5.9 = 9.1 kJ mol  for an isolated molecule, which is lowered by a
factor between 3 and 4 in aqueous solution. The barriers to
pseudorotation in 2-deoxy-2-fluororibofuranose and deoxyribofuranose
as models for nucleosides have been calculated by ab initio methods,
the tormer being shown to have a higher barrier between the N and S
states, and to prefer the N-state due to internal hydrogen bonding
between the fluorine and 3-hydroxy group. A detailed theoretical
determination of the dynamics and energetics of the pseudorotation
cycle of D-ribofuranose has been carried out; the relative energy of
different conformations was found to be primarily determined by the
torsional energy terms. A method for determining furanose ring
coordinates in the pseudorotational circuit for different amplitudes
of pucker has been devised using geometries generated by a pro-
cedure based on ring closure and the empirical dependence of endo-
cyclic bond lengths and angles on the amplitude of the pucker.
Conformational energy calculations on oligosaccharides using various
wethods have enabled a comparison to be made, and led to a strategy
for such calculations. Several conformers exist in complex equi-
librium in oligosaccharides which were best described by the Mm2CARKE
method.

226
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The COLOC n.m.r. technique for assignment of signals by cor-
relation of long-range couplings has been applied to some acetyl and
trityl derivatives of glucose, glucal, glucuronic acid, and sucrose.

A pattern recognition technique, using a readily available
computer program, has been demonstrated for assignment of carbo-
hydrate structure from C-n.m.r. data for sixteen isomeric161yco—
sides with arabino, ribo, gluco, or galacto configurations.

Configuration-dependent conformational transmission in trigonal
bipyramidal phosphorus(V) compounds enhances the gauche (-) con-
formation population around the C- 5 - C-6 linkage in phosphorylated
tetramethyl-¢-D- alactopyranoslde.

Solid state C-n.m.r. by the c.p.-m.a.s. technique has been used
to study the metal-sugar complexes (1) and (2). Related cop?er(II)
complexes of Schiff's bases from chitosan were also studied.

CH0AC
O or

(1) M= Cu(m
(2) M=2Zn(m

OR
CHoOH

13 13 . . . .
C-N.m.r. spectroscopy of C-enriched D-idose in deuterium
oxide showed the presence of the - and A-furanoses and pyranoses as
well as the aldehydo-form and its hydrate. The proportions were
found to be 13.5%7 X-furanose, 16.5% A-furanose, 35.9% «-pyranose
33.4% ﬁ—pyranose, 0.5%7 aldehydo hydrate, and 0.1% free aldehyde.

2. Acyclic systems

The differentiation of threo- and erythro-isomers of 1-substituted
glycerol obtained by thermodynamically controlled isopropylidenation
has been achleved by observation of a$ values for the acetal methyl
groups in H n.m.r. spectra; for terminal isopropylidene A is >
0.05 p.p.m., since only one methyl group is shielded by the chairs,
whereas for the o«-threo isopropylidene group Ab £ 0.05. The values
of AS were obtained for twenty-eight alditol isopropylidene deriv-

atives. Observed coupling constants for protons in tetritol and
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hexitol peracetates have been compared with those calculated by
molecular mechanics and a generalized Karplus equation. It was
concluded that these methods were useful in_the determination of
stereochemistry in such flexible fragments. Stability constants
of complexes of mannitol hexanitrate and tert-pentyl alcohol wit
yridine and its derivatives were determined by n.m.r. methods.
d-N.m.r. spectra of six heptitols in deuterium oxide have been
determined at 400 MHz. A 1,3-parallel interaction between C-2
and 0-5 detected in a heptitol by X-ray analysis (see Chapter 22,
ref. 20a) is also present in solution according to H n.m.r., and
on re-examination of other heptitols several showed similar inter-
actions, leading to a reassessment of their conformations; contrary

to accepted views, C//0 interactions can be more favourable than

0//0.

3. Furanose systems

The mode of interaction of copper(Il) and manganese(II) with D-ribose
and U-arabinose has been studied by G-n.m.r. spectroscopy. Spec-
ific line-broadening effects were used to determine the principal
sites of chelation, which were found to be the cis-diol at C-1 and
C-2 of K-D-ribofuranose with copper(II). 1In the other cases the
results were not unambiguous. Chemical shifts of methyl groups
in di-Q-isopropylidene furanoses in H- and C-n.m.r. spectra
have been examined to find whether they reflect molecular con-
formation and site of ring fusion. No reasonable correlation was
discovered, but through measurements of 13C spin lattice relaxation
times & number of noteworthy motional characteristics related to
overall molecular tumbling, hydrogen bonding, and internal mobility
were detected. ; 13

It has been shown from a study or the H- and C-n.m.r. spectra
of eleven furanosyl Z'-deoxy-C-nucleosides with the g-D-erythro-, «-
D-erythro-, and pg-DL-threo-conrigurations that the configuration may
be deduced using a combination of coupling constant and chemical
shift data. Conformations deduced from n.m.r. parameters of the
flexible mono-nucleotides 5'-adenosine monophosphate and 5'~guan-
osine monophosphate in aqueous solution have been critically re-
viawecl.‘e‘a C-N.m.r. data on eighteen nucleosides has been analyzed.
Signals due to C~2' and C-3' were examined, and it wag_shown that
C-2' is always downfield relative to the C-3' signal. Conform-
ational assignments of 4-0-ethyl-2'-deoxythymidine from H-n.m.r.
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data have been correlated with those from an X-ray study.24 Some
observations on C-n.m.r. assignments of the pentofuranose part of
p-nucleosides showed that § and carbon-hydrogen one-bond coupling
constants can be used to assign sugar carbon atoms and the config-
uration of the 2'-hydroxy group, as well as the location of ester,
methoxy or halogen substituents on the sugar ring. Some forty A-D-
purine ?nd pyrimidine nucleosides were examined. Assignments of
ribose C-resonances of puromycin and its analogues have been made
using 2D techniques. N.m.r. studies on deoxy-sugars are mentioned
in Chapter 12.

4. Pyranose systems

1,5=-Anhydro-D-glucitol has been studied by 2D 1H— and 13C-n.m.r.
spectroscopy and its conformation deduced.
All isomers of tetra-O-acetyl-D-glucopyranose and the corresp-
?nding m?nobenzyl and monotrityl ethers have begg synthesized and their
H~ and C-n.m.r. spectra completely assigned. The exo-
anomeric effect in the glucosyl diene (3), which determines its di-
astereofacial discrimination, has been probed by n.0.e. differences

in H-n.m.r. spectra. Examination of the H-n.m.r. spectra of
CHa0Ac CHa0Ac CHZOAL
to 0\/\\,05m;3 \}—— I : : : :
ohe O—YaR' OAc O—aCN
® (4-)R =H R =Me  (5)R'=0But,R*=Me ®)
=MeR =H R'=cN, R3=Me
CHQR R'=CN. R?= Me n: = H R‘;m.
i: Me,R*=H
Ph—<\ R' = Me,
N(c:uzcw:u,)2
(7) R=OH,0Me,1I (®

the 4-0O-acetyl groups of 6-0O-tritylaldohexopyranose derivatives of
the gluco, manno, and galacto series shows that there are differences
in their diamagnetic shieldings attributed to rotational isomeriz-
ation about the C-5 - C-6 bond. The study was facilitated by use of
deuterium labels in the acetyl groups, in methyl ether groups, and in
the 6S position, which enable couplings between H-5, H-6, and H-6'



230 Carbohydrate Chemistry

and the separate signals due to H-o(R) and H-6(S) to be identified.BO
The conformations of peracetylated 1,2-0O-alkylidene-allo-, -gulo-, and
ribo-pyranos? derivatives, (4), (5) and (6) respectively, have been
examine? gg H-n.m.r. spectroscopy and shown to be skew in all

cases.” ' The conformations of 1,2:3,4-di-0-isopropylidene-
galactose derivatives (7) deterumined by H-n.m.r. spectroscopy have
been compared with X-ray crystal data and molecular mechanics
calculations.

A rlexible twist-boat conformation has been assigned to methyl
4L,o-U-benzylidene-3-deoxy-3-dialkylamino-x-U-altropyranoside (8) in
CDCl  on the basis of H-n.m.r. spectroscopy at 350 Mdz. kvidence
that this is due to an intramolecular hydrogen bond between the
nitrogen and the hydroxy group on C-2 was obtained when the C_ (D)
conformation was adopted in the H-bond breaking solvent DMSO. 1In
the absence of the benzylidene ring, the evidence suggests that the

C (D) conformation is preferred.

4N.m.r. evidence indicates a 1:3 metal to sugar ratio in europium-
(III) and dysprosium(III) complexes with sodium (methyl and benzyl
d-D-galactopyranosid)uronate, which may be relevant to the gelation

of polysaccharides in the presence of metal ions.

5. Qligosaccharides and related compounds

Inter-residue heteronuclear negative n.0.e. have been observed bet-
ween hydrogen atoms and carbon atoms at the bridging points of oligo-
saccharides, and their use in oligosaccharide sequencing suggested.

The ZD-n.m.r. spectroscopic technique has been applied to methyl
p-xylobi?side. Heteronuclear fBLAY 2D n.m.r. has been used to
achieve C-line assignments in methyl 2—(p—D-gylopyranosyl)—ﬂ—D—
xylopyranoside pentakis(trimethylsilyl)ether.

An investigation has been carried out into the scope and limit-
ations of secondary isotope multiplet n.m.r. spectroscopy of
partially labelled entities (SLMPLE) in its application to the gluco-
disaccharides o,X-trenalose, sophorose, kojibiose, laminaribiose,
gentiobiose, and isomaltose. kach linkage gives rise 1o a unique
pattern of C isotopomers, which, in principle, may be used for
complete assignment of the spectra and structural analysis. Assign-
ments in aqueous solution were obtained using the differential isotope
shift method in coajunction with SIMPLE, and the spectra were often
simplified by the degeneracy caused by the presence of two glucose
residues. In practice, nearly all signals could be assigned with
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the remainder being choices between two possible assignments.
C-N.m.r. spectra of some benzoylated derivatives of cellobiose,
lactose, and maltose have been reported. N.O.e. enhancement in
methyl @-maltoside, resulting from irradiation of H-1' of the non-
reducing glucose residue, was measured and calculated theoretically.
Comparison of the data revealed a complicated conforwational equi-
librium in agueous solution; the two most feasible conformations
proposed either involve hydrophobic interactions between C-d bonds
or suggest an extended conformation similar to that in maltose
derivatives indicated by X-ray crystal analysis. Structural
assignments of 2-0-p-b-tlcpUa-D-manp and o—g—ﬁ—D-GlchA—D—Galp 13
(fraguments of apricot tree gum) have been made on the basis of G-
n.m.r. data.4 Computer assisted analysis of d-n.m.r. spectra
of peracetylated galactose-containing oligosaccharides has been
reported.

Complete n.m.r. assignments for «-D-GalNAc-(1~+3)-D-GalNAc and
ﬁ—D-Gal—(144)—ﬂ—D—GlcNAc-(1*0)-D—GalNAc have been made using 2D cor-
relation (COSY, RELAY-COSY, and F -decoupled) together with high
resolution unidimensional n.m.r. ;pectroscopy at 500 Mdz. Inter-
residue shielding and a$ effects in 3-amino—3—deoxy—x—D-altrzgyran—
osyl 3-amino-3-deoxy-K-D-altropyranoside have been examined.

C-¥.m.r. spin-lattice relaxation times and n.O.e. enhance-
ments measured under different conditions for sucrose in deuterium
oxide have been used to determine the frequency dependence ana
amplitude of the rotational spectral density function, and hence the
influence or the rotational components of vibrational modes. Local
torsional and vibrational motions were also determinéd.4 Complete
assignwent of the iH- and C-n.m.r. spectra of sucrose octa-
acetate has been achieved by concerted use of homo=- and hetero-
nuclear 2D n.m.r., including heteronuclear shift correlation yia one
bond and long-range couplings.4 The positions of (+)-(38)-uethyl-
valeryl groups in the peracylated sucrose (Y) have been confirmed by
using long-range internuclear shift correlation X0 n.m.r. spectro-
scopy for the carbonyl carbon atoms and the acyl group protons with
the ring protons.4 Application of the SIMPLE n.m.r. method to

CH,0AC CHp0Ac

0 o) x-D-Gle p (1—)4)—0{— D-Ge’lc-P-OMe,
AcO H
oM 1
MO\ 0 CH20Ac o«-D-Gle-p
OMv OAc (10)

(9) Mv= BuScuyCo-
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0-3' derivatives of sucrose in DMSO-d 6 revealed the presence not
only of the intramolecular hydrogen bond of the 1-hydroxy group of
fructose to the 2-hydroxy group of glucose in 3,3',4',6'-tetra-0-
acetylsucrose but also of an extensive hydro%gnsgond network in the
glucose residue of 3',6'-di-O-benzoylsucrose. '

The structure of a saponin, including the sequence of its per-
acetylated %-L-Ara(1+42)-A-D-Glc-(142)-x-L-Ara moiety, has been deter-
mined using H-n.m.r. spectroscopy only, with normal unidimensional,
2D COSY, and 2D long-range COSY experiments being sufficient.

The n.m.r. parameters of the branch-point trisaccharide of amylo-
pectin (10) have been assigned using 2D H-n.m.r. spectroscopy at
500 MHz. Similar data was obtained for methyl A-D-maltoside and
-isomaltoside. Specifically deuterated derivatives of g-iso-
propyl mannotrioside (11) have been synthesized and used to demon-
strate unequivocally a disputed inter-residue n.O.e. enhancement
between H-5 on the «-mannose linked to the p-mannose at 0-3 and the
H-2 on the g-mannose. A galactose trisaccharide (12) has been
characterized by 2D J-resolved COSY H-n.m.r. spectroscopy.

CH0H CHa0Ac
[o]
OH HO
HO 0-CH;
CHy0H 0 opp¥
9 £o Ho
e
OH HO AcO
HO HO AcO
(1)
(11) QAc

A tetrasaccharide unit from the saponins Camellidin-I and-II,
p-D-Gle-{1+2)-p-D-Gal-(1+44)-[x-D-Gal-(1+2)]-A-D-GlcA, has been
characterized without degradation by a combination of modern n.m.r.
techniques. The oligosaccharides obtained by endo-g-galacto-
sidase treatment of keratan sulphate, which include di-,tri-,
tetra~, and hexa-saccharides, have been characterized by 500 MHz

H-n.m.r. spectroscopy using COSY and spin-decoupling. A con-
formational analysis of the branched pentasaccharide sequence (13)

a-D-Man-p-(1-+3)-[#-D-Gle-pNAc- (1 4)]-[x-0- Manp-(16)]- 8-D-Manp-(124)-D-GlcNAc
(13)

in the core structure of bisected type of N-glycoproteins has been

carried out by n.m.r. spectroscopy and GESA calculations, H-

N.m.r. assignments for G 1-oligosaccharide in deuterium oxide using
m
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2D-SECSY techniques at 500 MHz have been made.58

The structure of a glycopeptide (14), obtained by a rearrangement
during attempted glycosylation of N-Ddz serine benzyl ester, has
been determined by the COLOC technique. The structure determin-
ation of peracetylated glycosphingolipids by unidimensional and 2D
1H-n.m.r. techniques at 360 and 500 MHz has been reported. The
studies confirm that peracetylated oligosaccharides are particularly
well suited for such techniques. Pure absorption and RELAY
éxperiments have been found to be particularly useful for estab-
lishing connectivities in poorly resolved regions of the spectra of
glycolipids. The techniques were applied to an octasaccharide
obtained from the spermatozoa of a bivalve which was shown to con-
tain an internal fucopyranosyl residue, a terminal xylosyl residue,
and6#-Q-methylglucopyra?osyluronic acid groups (see also Chapter
4). Two-dimensional H-n,m.r. spectroscopic studies on
digitoxose and neomycin B have been reported.

AcO CH,OAc BzO CH,0Bz
o (o}
AcO 0 OMe
OAc N3

[e]
ZT

(14)

OMe

1 1
6 N.m.r. of nuclei other than H or 3C

The complexes between borate and cyclohexane ¢is-1,2-diol, cis,cis-
113,3—triol, nyo- and epi-inositol have been investigated using
B-n.m.r. spectroscopy. An aqueous solution of sucrose has
been subjected to a O-n.m.r. spectroscopic study in which spin-
lattice and transverse relaxation times were determined. Solutions
of concentrations from 0 - 70% and at temperatures between 305 and
370K were analyzed, and correlations of n.m.r. data with viscosity
and concentration made to determine the number of associated water
molecules. The results were consistent with a solvent shell of
sixteen water molecules.
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Other Physical Methods

1l I.r. Spectroscopy

I.r. and Raman spectra of a- and B-D-glucose and 5-C-deuterated
derlvatives have been measured on sclid-state samples and pre-
dictive rules for C-H stretching modes proposed.1 F.t.i.r. and
13C—n.m.r. c.p.-m.a.s. ('solid state') spectroscopy and differential
thermal analysis has been used to study the structure of sucrose in
the amorphous state (l.e., non-crystalline material obtained from a
quenched-melt or through freeze drying) and in 10-70% w/w agueous
solution. Evidence was obtained for disruption of hydrogen

bonding involving the fructose unit.2 Bands characteristic of the
sugar and the base unit have been identified from comparative
F.t.i.r. and laser-Raman spectroscopy of cytosine and cytidine 3 and
of guanosine and guanine.u

2 Mass Spectrometry

Fast atom bombardment (FAB) m.s. of glucose and sucrose in the
presence of varliocus metal complexes have been studled. Potassium
hexacyano ferrate(IIl) gave useful [m+x 1t ions.5
polyoxins, a fermentation-produced complex of nucleoside peptide
antiblotics, have been identified by FAB m.s. following separation
by h.p.l.c.6 The FAB m.s. of the natural ribo- and deoxyribo-
nucleosides and -nucleotides and some cytosine analogues have been

Components of the

investigated. The use of the negative ion mode reduced inter-
ference from positive counter-ions (e.g., Na+) and permitted rapid
sequence determination of simple di- and tri—nucleotides.7
Molecular secondary ion m.s. of the constituent pentasaccharide
viridopentaoses of the antiblotle sporaviridin gave informative
sugar sequence ions in addition to molecular ions.8 A comparative
study on the application of desorption c¢.il.-m.s. and secondary ion
m.s. to aminoglycoside antibiotics has shown that such materilals
containing an aminoacyl group can be unequivocally characterized by

236
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a combination of these techniques.9

The presence of molecular ions from field desorption (f.d.)-m.s.
of glucose and sucrose 1s taken to 1ndicate that these sugars are
10 It has
been claimed, however, that molecular ions seen by others are not

f.d., the lonizatlion of sucrose, raffinose, and stachyose
11

volatile, and a mechanism for ion formaticn is discussed.

particularly under f.d. conditions being dlscussed.

The g.c.-m.s. identificatlon of aldoses and their O-methyl ethers,
deoxy- and acylaminodeoxy-hexoses, in mixtures as their per-~
acetylated O-methyloxime derivatives, has been reported,12 as have
the m.s. of per-0-trimethylsilylated oxime derivatives of mono-
saccharides and galacturonic acid 13 and seventeen peracetylated
methyl acetamidodeoxy- and acetamidodideoxy—hexopyranosides.lu A
study of the m.s. of acylated glycosylamines, in particular N-
nitrobenzoyl glucopyranosylamine acetates, has emphasized the
influence of the nitro-group on fragmentation.15 The e.1l.-m.s.
fragmentation of 2-methylthio(glyco)oxazoline derivatives of
pentoses and hexoses has been studied using labelled compounds,
evidence supporting the expected structures of these compounds being
obtained.l6 G.c.-m.s. data has been reported on partlally
methylated and acetylated derivatives of 3-deoxy-octitols, and rules
given for their fragmentation in e.i.-m.s., in connection with the
analysils of KDO units and thelr stereoisomers.l7 In-beam e.l.-m.s.
of nucleosides has given protonated molecular peaks more abundant
than in conventional spectra.18

In the c¢.i.-m.s. of mono- and di-saccharides and cycloalkanedilols
using trimethylborate as reagent gas, the reagent reacts with 1,2-
cis-diol moieties to give characteristic ions, allowing stereo-
isomers to be distinguished.19 Anomeric hexoslde tetraacetates
have been examined by e.i.- and c.i. (CHu, 1-CyHqg» and NH3)-m.s.
While practically no fragmentation was observed with NH3—c.i.,
minor differences in relative intensities of common lons between
spectra of anomeric pairs were enhanced by CHu— and i-Cquo—c.i.,
and in the absence of thermal decompositions the B-anomers show
greater intensities of glycosyl ions.20 The behaviour of ions
generated in c.i.-m.s. of methyl (methyl O-methyl-a-D-mannopyrano-
sid)uronates under severe or mild gas-phase protolysis depended upon
the position of the methoxy-groups on the pyranose ring. Under
severe conditions, the main fragmentation involved sequential loss
of the C-1 and C-3 or C-4 substituents.®!
using a mixed CHM-CH2CI2 reagent gas has been exemplified with

Negative ion c.l.-m.s.
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nucleoside samples.22

A combined h.p.l.c.-m.s. technique with thermospray ionization
has been used for microscale structural studies on mono- and di-
saccharides, methyl glycosides, and permethylated mono- to tetra-
saccharides. The technique employs a reversed-phase column with
aqueous ammonium formate as eluent, generates abundant M+NHz ions,
and is suiltable for monitoring sub-nanogram quantities, e.g.,

0.5 pmol of methyl hexopyranosides.23

Preliminary results have
been reported on the applicatlion of this technique to glucose,
maltose, and corn starch hydrolyzate components eluted from a
reversed-phase column with water, with ammonium acetate added post-

column as the c.i.—r’es.get‘11:.2LI

3 X-ray Crystallography

The x-ray analysis of a number of 3- and 4-0-trityl ether deriva-
tives of pyranose 1,2-orthoesters and one methyl glycoslde has con-
firmed the steric accessibillty of the reaction centre in gly-

cosylation reactions.25

The crystal structure of a complex
between galacturonic acid and tryptophan methyl ester (l.e.,
(TerMe)u.(u—GalA)(B—GalA)(HCl)3(H20)2] has been studied as a model
for sugar-peptide interactions in biological systems. Hydrophobile
bilayers of amino acid sandwich sugar monolayers containing

strongly bound sugar dimers.26

A crystal structure of D-glycero-
L-allo-heptitol indicates the presence of a 1,3-parallel inter-
action between C-2 and 0-5, an interaction hitherto consildered
unlikely;zsa an n.m.r. study on this and related heptitols 1is
covered in Chapter 21.

Specific ecrystal structures have been reported as follows:

Free Sugars and Simple Derivatives Thereof.- Sodium a-D-gluco-

pyranose 6—phosphate,27 dipotassium B-D-fructofuranose 6-
phosphate,28 trisodium B-D-fructofuranose 1l,6-diphosphate
octahydrate329 1,2,3,4,6,7-hexa-0-acetyl-L-glycero-g-D-manno-

heptopyranose,30 1,2:3,4-di-0-isopropylidene-6-0-tosyl-a-D-gluco-
pyranose,31 3,4,6-tri-0-acetyl-1,2-0-(S)~exo-ethylidene-a-D-allo-
pyranose,32 3,4,6-tri-0-acetyl-1,2-0-(R)-(1-cyanoethylidene)-o-D-
gluco- and galacto—pyranose,33 3,4-di-0-acetyl-1,2-0-(8)-(1l-cyano~
ethylidene)-a—D—ribopyranose,3 3-0-acetyl-1,2-0-f1-(exo-cyano)-
ethylidene]—B—L-rhamnopyranose,35 and the 3-0-acetyl-L-0-trityl-
and 4-0-acetyl-3-0-trityl- derivatives of 1,2-0-[1-(exo-cyano)-

ethylidene]-B-L-arabinopyranose.36
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Glycosides and Derivatives Thereof.- Methyl B—L—arabinopyranoside,37
38 methyl 2,3,4-tri-0-acetyl-
rhizolotine (a B-D-ribofuranosyloxy tetra-

isopropyl l-thio-B-D-galactopyranoside,
B-D-xylopyranoside,39
hydropyrimidine derivative), 4o 38-0-(2',3'-0-1sopropylidene-a-L-

1"hamnopyranosy1)dig;itoxigenin,ul methyl 2,6—di—g—methy1—3,h—g—thio-

carbonyl-B-D-galactopyranoside and methyl E—Q—methy1—3,N—gythio—

car‘bony1—B—L—ar’b:Inopyr'anoside,u2 and the 18-crown-6 compound (1)
43

incorporating a methyl a-D-glucoside moiety.

Di- and Tri-saccharides and Derivatives Thereof.- a-Laminaribiose

(i.e., B-D-Glep-(1 » 3)-a-D-Glep) octaacetate,uu galabiose (i.e.,
a-D-Galp-(1 - U)-a+B~D-Galg),u5 4-p-B-D-galactopyranosyl-a-D-manno-
pyranose,u6 the sweetener neohesperidin dihydrochalcone (a phenolic
glycoside containing a a-L-Rhap-(1 =+ 2)—B—D—Glcggmoiety),“7 the
trehalose derivative 6-0-mesyl-2,3,4-tri-0-methyl-o-D-glucopyranosyl
6-0-mesyl-2,3,4-tri-0-methyl-a-D-glucopyranoside and its 8,8~
anomer,u a-wilforibiose tetraacetate (2) (a derivative of a novel
disaccharide isolated from hydrolysis of a natural glycoside),L19
3,6-anhydro-4-0-g-D- galactopyranosyl-D-galactose dimethyl acetal
hexaacetate (a derivative of the carrageenan fragment, carrabiose),Bo
mannotriose (i.e., B-D-Manp-(1 + 4)-B-D-Manp-(1 + 4)-o-D-Manp.
31—120),51 and methyl a-maltotrioside tetrahydrate (with three a-

(1 U)—linkages).52

Anhydro-sugars.- 2,3,5-Tri-0-acetyl-1,6-anhydro-a-D-galacto-
furanose 53 and methyl 2,6-anhydro-3-azido-4-0-benzoyl-3-deoxy-a-D-
54

idopyranoside.

Halogen-, Nitrogen-, and Sulphur-containing Compounds.- 3-Deoxy-3-

fluoro—l,Z:5,6-di-g—1sopropy1idene—a-D—g1ucof‘uranose,55 2-deoxy-2-
fluoro-f-D-mannopyranosyl fluoride, 56 3,5-0-(R)-benzylidene-6-deoxy-6-iodo
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7 2-amino-2,6-dideoxy-a-D-
glucopyranose 6-sulphonic acid, 58 5-acetamido-5-deoxy-1,2:7,8-d1-0-
isopropylidene-3-0-methylthiomethyl-g-L-erythro-L-talo-octo-
furanose,59 the 2-acetamido-3,6:N,5-d1—gfisopropylidene-D-glucose
derivative (3),60 the D-xylosylamine derivative (ll),61 the 2-amino-
2-deoxy-D-glycero-a-D-galacto-heptofuranosylamine derivative (5)62
and its 2-amino-2-deoxy-a-L-galactofuranosylamine tri-gfacetate63

-1,2-0-1sopropylidene- a—D—glucofuranose,

and N-phenyl 2-amino-2-deoxy-D-glycero-a-D-talo-heptofuranosyl-
amine tetra-0O-acetate analogues, the peracetylated derivatives of
l-deoxy-1l-niltro-f-D-glucopyranose, 2-acetamido-1,2-dldeoxy-l-nitro-

a-D-glucopyranose, and l-deoxy-l-nitro-f-D-galacto- and ribo-

65 66

furanose, 1,2-dideoxy-1-nitro-D-arabino-hex-l-enopyranose, and
CH(SEr), cn,ou
NHAC >< 0 NO
OH EI:N o 0
c02
CHZOH
G €) (6

the chloronitroso compound (6).67

Unsaturated Compounds.- The 5-C-ethoxycarbonylmethylene-hexofuran-
urono-6,3-lactone (7).
Et o2

CHy0Ac
CAOHC ;‘
Ac

(7) (%)
cnon A\
/N
(0]
0 _COzNH4 OH
HO
COyMe
o (1) (o

Branch-Chain Sugars.— The racemic 3-C-acetoxymethyl-a-erythro-
pentuloside (8), 69 the a-hydroxyamidoxime (9),70 and the gem-
dlalkylated anhydroalditol (10). 2%
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Sugar Acld Derivatives.- n-Octyl D-gluconate (and a study of its
thermal crystal-crystal transition and melting behaviour),72 N-
(n—octyl)—D-gluconamide,73 ﬂ—(n-decyl)—D—ribonamide,7u ammonium
3-deoxy-D-manno-octulosonate (11) (although some confusion over the
anomeric configuration is evident in the report),75 the racemic 2-
deoxy-penturonic acid derivative (12),76 methyl 8-D-glucofuranosid-
urono-6,3-lactone, 1ts 2-Q-acetyl-5-0~pivaloyl derivative, and 5-0-
p1valoyl-B-D—glucofuranurono—G,3—1actone,77 the tetraacetate of
dehydroascorbic acid dimer,78 and the adduct (13) from L-ascorbic
acid and fumaric dialdehyde.’d

Inorganic Derivatives.- The platinum(II) complex (14) with a 2,3~

diamino—2,3-dideoxy-a—D—mannos1de.80

CH,0H
"0

NH; Hﬂl‘) o OR 0

HO ;/ OMe | WH 0 WM
3 \
HW AW
o e 0 H

0 OR 0 °
(14) (15) R=Me
\\_~_—Tjii:j*_/ (16) R = 4~ OO0\ 1

Alditols and Derivatives Thereof.- 1,3:2,5:M,6—Tri—gfmethylidene-D—
mannitol,81 1-0-[bis(diethylamido)thionophosphate]-2,4:3,5-bis[0-
(diethylamino)thionophosphate]ribitol,82 l-amino-1-deoxy-N-methyl-
N-nonanoyl-D-glucitol, 3 2,5-anhydro-L—1ditol,8u the crown ethers
(15)85 and (16)86 incorporating two 1,4;3,6-dianhydro-D-mannitol
units, an analogous crown ether containing a pyridine moiety,87
DL-(1,3,5/2,4)-1,2,3,4-tetra-acetoxy-5-(acetoxymethyl)cyclohexane
(;Lg;, pseudo-B-DL-glucopyranose pentaacetate), and a 1:1 adduct
of caffeine with potassium chlorogenate.89

Nucleosides, Nucleotides, and Derivatives.- 2',3',5'-Tri-0-acetyl-
adenosinego and -guanosine,91 ll—g-e'chyl—‘chymidine,92 ﬂs—methyl—E'-
93 5-methoxymethy1-2'—deoxy—uridinegu and its Bg-D-
threo—isomer,95 5—f1uoroarabinosylcytosine,96 the 2'-deoxynucleo-
side (17),%7 cis-thymidine 3',5'-cyclic methyl phosphonate®® and
the corresponding 3',5'-cyclic ﬁ,ﬂ-dimethylphosphoramidate,99 a
cobalt(II) complex with 2'-deoxyinosine 5'-monophosphate,100
2,2'—anhydro-1—B-D-arab1nofuranosy1-6-methy1uraci1,101 6,2'-anhydro

deoxyadenosine,



242 Carbohydrate Chemistry

-1-B-D-ar’ab1nofuranosyl)-6-—ethyl-uracil,102 (5'-0-acetyl-6,3"-
anhydro—2'—deoxy—l—B—D—xylofuranosyl)-6-methyl-uracil,lo3 methyl

2,3'-anhydro-1-8-D-fructofuranosylorotate (18),IOLl the Bacililus

megaterium produced antiblotic oxetanocin (19),105 and neplanocin
¢ (20).%0
OH
HN 1 Me, N
I l CHon CH,OH A
HOCHzo N~ TNHEL CHOH | N7 "COxMe o Ad 4
(0] O«
(¢}
CHa0H CH,OH OH OH
OH OH
(1) (1% (19) (20)

4 E.s.r. Spectroscopy

A review with 145 references on spin-labelled carbohydrates,
including mono-, di-, and poly-saccharides, glycoproteins and
nucleosides, has appeared.107
Glycosyl radicals produced by reactlion of various alkylated and
acylated glycosyl derivatives (1-Br, -SePh, or —C(O)But) with
tin(II) derivatives have been examined by e.s.r. Preferred con-
formations were assigned and rationalized. Pyranosyl radicals were
concluded to exist as almost planar m-type alkoxyalkyl radicals.108
Carbohydrate. radicals at C-2, C-3, and C-4 of pyranosyl compounds
were similarly generated by dehalogenation, and shown to have the
same conformations as the parent compounds.109
Aldonolactones have been shown to react with hydroxyl radical
preferentially at C-2, but other reactlons take place.110 The
nature of the stable free radicals in X-irradlated single crystals
of sucrose has been re-examined using ENDOR spectroscopy comple-
mented by X- and Q-band e.s.r. measurements. At least two radicals
have been detected and assigned, one definitely a structure of type

RCOCHCH,OH resulting from opening of the glucose and fructose

rings.l 1 Oxidation of L-ascorbic acid by a nitroxide radical has
been studied kinetically by e.s.r., an oxidation intermediate being
observed.112

5 Polarimetry, Circular Dichrolsm, and Related Studies

The c.d. spectra of five 1,5-anhydroalditols and their 2-deoxy- and
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2,3-dideoxy-analogues (as models for glucose and galactose) have
been studied in aqueous solution. Difference spectra revealed the

113 An o.r.d. and c.d.

contributions of certain functional groups.
technique has been developed to determine the absolute configuration
of the diacyl-sn-glycero molety and the anomeric form of the D-
carbohydrate moiety in monoglucosyldiacyl-sn-glycerols. A sample
isclated from Acholeplasma laidwil was found to be 1,2-dioleoyl-3-0-

a-D—glucopyranosy1-§g_—glycerol,1In

The signs of two extrema (of
opposite signs) in the 219-245 nm range in the c.d. spectra of the
diethyldithicacetal derivatives of 1l carbohydrates, including 2,6-
diamino-2,6-dideoxy-D-glucose and D-ribose, were correlated with the
absolute configuration at C-2. Solvent dependence of the observed
c.d. curves was ascribed to solvent-induced conformational changes
on the basis of n.m.r. evidence.115
It has been shown that C-H stretching vibrational circular
dichroism for sugars in aqueous solution can be understocod in terms
of vibrationally generated ring currents due to intramolecular
association, i.e., cooperative hydrogen bonding rings, or alkyl-m or
alkyl-lone palr interactions. Spectra for D-glucose (and its 1-91,

2-d,, and 6,6-§2 labelled modifications), D-mannose, D-gulose, D-

xylose and L-sorbose were recorded.116
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23
Separatory and Analytical Methods

1 Chromatographic Methods

General.- Reviews have appeared on the chromatography of mono- and
di-saccharides, covering p.c., t.l.c., g.c., and h.p.l.c.,1 and on
profiling carbohydrates, glycoprotelins and glycolipids in body fluids

and tissues, covering t.l.c., g.c., h.p.l.c., and electrophoresis.22

Gas-Liquid Chromatography.- Unless otherwise stated, all analyses

were performed on caplllary g.c. columns.

The preparation and ldentification by g.c.-m.s. of partially
methylated and acetylated 3-deoxy-octitols from mono- and oligo-
saccharide derivatives of KDO (3-deoxy-D-manno-2-octulosonic acid)
has been detailed.3
D-glucitol has been shown to generate mainly the 2-(N-methyl-

Hakamori methylation of 2-acetamido—2—deoky—

acetamido)-penta-0-methyl-derivative, but also to cause C-
methylation to give a small amount of the corresponding 2-(N-methyl-
propionamido)—analogue.u For the simultaneous analysis of amino
and neutral sugars as their alditol acetate derivatives on a packed
column, the conventional preparation of derivatives was modified to
include the conversion of aminoalditols to N,N-dimethylaminoalditols
by reductive amination (NaBH3CN-HCHO).5 Reduction of sugar 0-
methyloxime derivatives (with NaBH,CN) yielded deoxy(methoxyamino)-
alditols which were suiltable afterJtrimethylsilylation or
acetylation for g.c. analysis.6 Permethylated deoxy(N-methyl-N-
methoxyamino)alditol glycosides were obtained from reducing
disaccharides in the same way, but including a final Hakamori
methylation step. They were shown to be suitable for selective
assays using a nitrogen-phosphorus detector (with ~5 x greater
response than an f.i.d. detector) and to have characteristic e.1.-
m.s. fragmentation patterns.7

The identification of permethylated sugar acids and sugar
phosphates by g.c.-m.s. has been assisted by transesterification
with sodlum ethoxilde. Methyl ester groups were thus changed to

247
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ethyl ester groups, and the number of negatively charged groups
identified by comparison of the m.s. data. D-Glucose 6-phosphate,
for example, was converted to penta-0-methyl-D-glucitol 6-(dimethyl
-phosphate) and thence into the diethylphosphate derivative.8 KDO
units 1n polysaccharides have been determined following methanolysis
and trifluorcacetylation, methanclysis conditions being optimized
to provide primarily a single methyl ketopyranoside methyl ester.

Anomeric palrs of peracetylated alkyl and aryl glycoslides have
been separated by g.c. on a packed column.10

9

The absolute configuration of rhamnose, fucose, xylose, mannose,
galactose and glucose, released from a complex polysaccharide and
isclated by cellulose column fractionation, have been determined by
g.c.-m.s. of their acetylated (-)-2-octyl glycoside derivatives.ll
In a new approach, enantiomeric pairs of nine aldoses have been
separated after reaction with L-cystelne methyl ester to generate
diastereoisomeric methyl 2-(polyhydroxyalkyl)thiazolidine-(LUR)-
carboxylates, e.g., the D-galactose derivative (1), and pertri-
methylsilylation. Each enantlomer gave a single peak, compared
to the four observed for the (-)-2-octyl glycosides.12

CO,Me
S NH
H
OH
HO
OH
CHo0H

Pertrimethylsilylation-g.c.-m.s. has been used to determine free
and lipid-bound alditols, cyclitols, and monosaccharides present in

13 and nucleosides

nerves of uraemic and non-uraemic patients
released enzymically from DNA damaged in thelr base moleties by
free radical reactlions, especlally with <OH radicals.lu Nine
polyhydroxyalkaloids, e.g., 1,5-dideoxy-1,5-imino-alditols, have
been separated on packed columns as their trimethylsilylated
derivatives.15
The oxime derivatives prepared from galactose, glucose, and

mannose, by treatment wilth a premixed reagent [NHon-Me351-MMﬁazole
or NHZOH—(M6351)2M{-0F3002H], chromatographed as well separated single
peaks on a packed column, whereas stepwise derivatization led to
unresolved peaks.16 Mixtures of 2-acetamido-2-deoxy-D-glucose

and ~galactose and their corresponding alditols, produced during
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the analysis of the N-linked oligosaccharides of glycoproteins
cleaved by alkaline borohydride, have been separated on a packed
column by conversion of the free sugars to O-methyloxime derivatives
17 The relative
retention of related sugar O-methyloxime derivatives was also

prior to acetylation or trimethylsilylation.

detailed. Products from the radiolysis of aqueous D-fructose
solutions, which 1include D-arabino-hexos-2-ulose as the major com-
ponent, have been analyzed as their trimethylsilylated 0O-benzyl-

oxime derivatives.18

Thin Layer Chromatography.- The preparative separation of glucose

oligomers (DP 1-7) from corn starch hydrolyzate on a centrifugally
accelerated silica gel t.l.c. apparatus (a Chromatotron) was used
to demonstrate the improved separating ability of plates dried at
70°C while being continuously rotated for use with highly polar
solvents (in this case EtOAc-MeOH-H,0, 104:72:26).1%  Ten branched
cyclodextrins, i.e., mono- to tri-glycosylated, have been examined
20 A method for the
complete separation of amino-sugars in polysaccharide hydrolyzates

by t.l.c. on silica plates (using MeCNoAcOH—EtOH—Hzo, 13:1:2:4) has
21

on primary amine bonded silica t.l.c. plates.

been described.

High Pressure Liquid Chromatography.- Reviews on the analysis of

sugars by h.p.l.c., in which packings and detection techniques are
discussed (258 refs.),22 and on the advantages and limitations of
several separation and detection techniques for sugars, including
adsorption, partition, and ion-exchange chromatography (36 refs.),23
have been published.

Post-column derivatization of reducing sugars with ethylene-
diamine in a weakly alkaline medium at 150°¢C generates compounds
detectable down to ca. 1 pmol by electrochemical oxidation. This
procedure was recommended over an earlier reaction involving 2-
cyanoacetamide (Vol.18, p.240) because the response varied less with

sugar structure.gu

Electrically neutral carbohydrates can be
detected by conductivity by using a boric acid solution as an
h.p.l.c. eluent to form borate complexes. Detection 1limits were in
the 10_5 M range, and applications in food analysis were
described.25 Mono- to oligo-saccharides, after separation by ion-
exchange h.p.l.c. using an alkaline eluent, have been detected by
oxidation at a nickel(III) oxide electrode, with a 20 ppb detection

limit for monosaccharides and ~100 ppb for oligosaccharides.26 A
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combined h.p.l.c.~-thermospray m.s. technique for microscale (glg;,
subnanogram) structural studies of mono- and di-saccharides, methyl
glycosides, and permethyl ethers of mono- to tetra-saccharides

used aqueous ammonium formate as eluent for reversed-phase

27 Microbore h.p.l.c. (1 mm 1.d. column with primary amine
bonded silica packing), with a moving wire flame ionization
detector, has been demonstrated with the separation and detection

of xylose, glucose, sucrose, maltose, and lactose, with detection
limits of A1-400 ng.2®

h.p.1l.c.

The separation of common mono- and di-saccharides by h.p.l.c. on
vinylpyridinium polymers bearing N-H, N-methyl or N-butyl moieties
and a variety of counterions has been investigated. Best results
were attained with the N-methylated polymer in the phosphate form,

29 A commercial Ag+-form

some useful separations being reported.
cation-exchange resin column (polystyrene based, 6% cross-linked)
has been shown to be suitable for the analysis of mono- and di-
saccharides. Residual sulphonic acid groups on the column
partially hydrolyze sucrose oligosaccharides at temperatures >25°C,
but this was overcome by using a Pb2+—modified column prepared by
regeneration using a small percentage of PbNO3 in aqueous AgNO3.

An improved analysis of sugars in food was achieved using series
connected Ag+/Pb2+— followed by Pb2+—form columns of different
percentage cggss-linking, but certain co-elution problems were still
d.

encountere The a- and B-anomers of glucose, xylose, galactose,

mannose, arabinose, maltose, and cellobiose have been separated on
a Ca2+-form exchange resin column with water as eluent at 1.5°C, the
anomers bearing a 1,2-cls-diol unit being retarded due to complex

formation.3l

A procedure for the quantitative estimation of
glucose, fructose, and sucrose 1n beet extracts by h.p.l.c. has been
reported.32

D- and L-Cymarose, which co-occcur in certain natural glycosides,
have been resolved following sequential methanolysis and 0-
carbamoylation (with 3,5-dlnitrophenylisocyanate), on a Sumipax
0A-1000 column (presumably with a chiral phase), although only the
pyranoside enantiomers, which were minor constituents of the product

33

mixture, were resolved. Peracetylated alkyl and aryl glycoside

anomers have been separated by normal-phase or preferably reversed-

phase h.p.l.c.lo

Saponins, synthetic glycosides including isomeric
methyl xylosides, arabinosides and some disaccharides, and steviol
glycosides have been analyzed on a polyvinylalcohol-based ion-

exchange column with -ﬁHEt2 as the basic group and borate in
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aqueous acetonitrile (pH 8-8.5) as eluent at 7500.3u The retention
of cardlac glycosides on reversed-phase h.p.l.c. has been described
by the additive contributions of the steroid and sugar units.35
Teniposide, a semisynthetic 4,6-0-(2-thienylidene)-B-D-gluco~
pyranoside of a podophyllotoxin derivative, has been assayed in
human serum by reversed-phase h.p.l.c. with electrochemical
detection.36

Useful separations of oligosaccharides have been achieved using
reversed-phase h.p.l.c. Malto-oligosaccharides were separated up
to DP 9 with water as eluent, better resolution being attained at
lower temperatures (down to SOC). Retention was significantly
influenced by silica pore size and alkyl chain length, decreasing
in the order 018>C8>C6. Some commercial columns performed better
than others, but all gave separate peaks for anomers even up to
55°¢C. Separations of di-D-fructose dianhydrides were also

reported.37

The performance of five commercial reversed-phase
columns, four silica- and one polystyrene-based, for the separation
of malto-, cello-, isomalto-, and cyclo-dextrins up to DP 8 has been
evaluated.38 The separation of ten mono- to tri-glycosylated
cyclodextrins has been examined on reversed-phase, primary amine-
20 2+

A Pb”"-form

polystyrene-based lon-exchange column has been used to separate

bonded silica, and polyvinylalcohol-based columns.

mono- and oligo-saccharides (up to DP 4) from enzymically degraded

39

xylan, arabinan, galactan and cellulose. A combination of gel

chromatography and reversed-phase h.p.l.c. has been used to map the
reduced oligosaccharides released from mucus g;lycopro’cr:?ins.uO
Isomeric mono- to tetra-sialylated oligosaccharides (up to DP ~21)
from the hydrazinolysis of al—acid glycoprotein have been separated
according to charge by semipreparative h.p.l.c. on a quaternary
ammonium~bonded silica column and independent fractionation of the
resulting four groups on primary amine-bonded silica with a KHzPou
buffered eluent containing an amine modifier.ul
Free N-acetylneuraminic acid in urine has been determined on a
cation exchange column with an acidic eluent in connection with
monitoring for sialuria, a group of diseases characterized by

elevated excretion of this am:lno—sug;ar'.u2

N-Acetyl- and N-glycolyl-
neuraminic acids released from serum and urine samples by hydrolysis
have been determined down to ~12 pg, permitting the analysis of

5 ul samples, by reversed-phase h.p.l.c. after derivatization with
1,2-diamino-4,5-dimethoxybenzene (a reagent for a-keto-acids), and

43

fluorimetric detectlon. The unsaturated non-sulphated
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disaccharides (2) and (3), which, having glucosamine and galactos~-
amine at the reducing end, can be released enzymically from
hyaluronic acid and chondroitin, respectively, were efficlently
separated on a Na+—form polystyrene-based sulphonic acid 1lon-

exchange dolumn.uu

HoOH

o

(2) R'=0H, R*=H

OH
(3) R'= H,R*=0H

OH NHAc

D-arablno-Hexos-2-ulose and other products from the radlolysis of
aqueous D-fructose solutions have been analyzed as their O-benzyl-
18 N_(1-Deoxy-hexitol-l-yl)
amino acids, produced by sequential acid hydrolysis and borohydride

oxime derivatives on a silica column.

reduction of 'glycated' proteins, have been chromatographed on a
cation-exchange column, and detected using a periodate reac‘l:ion.Ll5

Inositol bis- and tris-phosphates and other sugar phosphates
have been separated on an anion-exchange column and subjected to
post-column hydrolysis by immobilized alkallne phosphatase with
detection of the liberated inorganic phosphate to <1 nmol using a
molybdate reagent.u6

In connectlon with a study of the oxidation of glucosyl phosphate
over a platinum catalyst, glucose, glucuronic acid, gluconic acld,
glucaric acid, a-D-glucopyranosyl phosphate and a-D-glucopyranuronic
acid l-phosphate have been analyzed by ion-moderated partition
chromatography, using an gt-form cation-exchange resin and an acldic
eluent (agq. CFchZH) in which the phosphate moieties are fully
protonated. Glucosyl phosphate, D-glucose 6-phosphate and D-

47 A very

fructose 6-phosphate were not separated by this system.
similar system has been used to analyze sugar acids and thelr
lactones under conditions where they do not equilibrate. The
method was used to monitor the base hydrolysis of an aldonolactone,
to determine the equilibrium position for a uronic acid and 1ts
lactone, and to study the conversion of an aldonic acid into its
varlous lactone forms. 8 Reversed-phase h.p.l.c. coupled to a
post-column enzyme reactor containing immobilized B-glucuronidase
and subsequent electrochemical detection has been evaluated using
49 Derivatization of

glucuronides with 4-bromomethyl-7-methoxycoumarin yilelds ester

glucuronide conjugates of benzazepine drugs.

derivatives suitable for reversed-phase separation with u.v.-
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detection down to ~10 pmol, as demonstrated with menthol
glucuronide.50

The l-alkylthio-2-alkyl-isoindole derivatives formed from the
components of the aminoglycoside antibiotic complex gentamicin on
reaction with o-phthalaldehyde-mercaptoacetic acid have been shown
to be unstable in the acidic conditlons required for thelr elution
from a reversed-phase column. Procedures were elaborated to

51 The analysis on a silica column of neo-

minimize this problem.
myein sulphate as 1ts per-N-(2-naphthalenesulphonyl)-derivative,
shown by FAB-m.s. to be substituted on all 6 primary amine groups,
was compared to alternative h.p.l.c., g.c. and microblological
analyses.52 An improved ion-pair reversed-phase analysis for the
components of tylosin, a macrolide antiblotic complex with varied
glycosidic moleties, has been reported.53 Ton-palr reversed-phase
analyses have also been reported for the antiherpes drugs (E)-5-(2-
bromovinyl)-2'-deoxyuridine 54 and 5-fluoro-2'-deoxycytidine, 5-tri-
fluoromethyl-2'-deoxycytidine, and thelr related antimetabolites.55
Reversed-phase analyses for the antineoplatic agents cytarabine
(1-B-D-arabinofuranosylcytosine), 5-azacytidine and their

56 and for the polyoxins, a group of nucleoside

degradation products,
peptide antifungal agents,57 have been reported.

A number of papers on the reversed-phase h.p.l.c. analysis of
nucleosides, nucleotides and thelr constituent bases have appeared.
Different mechanisms have been indicated for the retention of
guanine, hypoxanthine, and their nucleosides and nucleotides at low

58 Because purine nucleotlides are poorly

and high temperatures.
retained on the reversed-phase columns used to separate the bases
and nucleosides, a column switching technique was used to transfer
the early eluted nucleotides onto a weak anlon-exchange column for
analysis.59 A silica-bound phenylboronic acid column was used to
concentrate ribonucleoslides in physiological fluids, the nucleosildes

being eluted directly onto an h.p.l.c. column for analysis by

changing from an alkaline to an acidie elueint.60 Other analyses
were of adenosine, inosine and hypoxanthine in human placenta,61 of
picomole quantities of 'modified' nucleosides whleh mostly stem

62

from transfer RNA breakdown, in sera and urine of cancer patilents,
and of pyrimidine nucleosides, bases, and related compounds 1n
serum following derivatization (N-alkylation in the base) with H-
bromomethyl-7-methoxycoumarin and using fluorimetric detection (to
50-150 pg of nucleoside).63 Different ion-pair reagents, tetra-
butylammonium phosphéte or CS‘CS alkylsulphonic acids, have been



254 Carbohydrate Chemistry

applied to the reversed-phase analysis of certain biochemically

relevant nucleosides, nucleotides and bases.6u

Column Chromatography.- The diffuslon coefficients of glucose in a

gel type and a macroreticular type anion-exchange resin have been
determined, and diffusion of carbohydrates in such resins has been

65

discussed. A re-working of previously published data on the
effect of increasing on-column sugar concentrations on the bonding
of glucose and fructose to Ca2+—form cation-exchange resins (Vol.18,
p.244, ref.74) has revealed a much less pronounced effect than
originally suggested.66

The preparative gel chromatography of oligosaccharides contalning
uronic aclid moieties from graded hydrolysis of Rhizoblum exo-poly-
saccharides using a volatile buffer (aq. HCOQH-MeCN) as eluent has
been detailed, the effect of eluent pH being noted.67 A uronic
acid specific carbazole-sulphuric acid reagent has been described
for use in a post-column detector system in the gel chromatography
of proteoglycans.

An amino acid analyzer has been used to monitor the Maillard
reactlion of model deoxyfructosyl-lysines and related 'glycated’

natural proteins.69

Paper and Partition Chromatography.- Good but slow separations of
isomeric pentitols and hexitols have been obtained on 0-(carboxy-

methyl)cellulose paper in the caleium, barium or preferably the
70

lanthanum form.

Centrifugal partition chromatography, which operates on a similar
basis to droplet counter-current chromatography but with centri-
fugally driven droplets, has been applied to the preparative

separation of hydrolyzable tannins, e.g., polygalloyl glucoses.71

2 Eiectrophoresis

A recently developed thin-layer electrophoresis system which employs
silanized silica gel with a l-octanol surface coating as support,
and aqueous borate as buffer, has been examined for the separation
of mono-, oligo-, and poly-saccharides as well as phenolic compounds
and other degradation products from the hydrolythermolysis of
biomass. As expected, mobility depended upon the abllity to complex
with borate. Chemically aggressive reagents could be used to
detect the components on this support.72 Isotachophoretic analysis
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of hyaluronate oligosaccharides (up to DP 4) released by enzymic
hydrolysis, which have a B-D-glucopyranuronosyl( 1 + 3)~2-acetamido-
2-deoxy-B-D-~glucopyranosyl(l + U4) repeating unit, has been

r'eported.73

3 Other Analytical Methods

Removal of boric aclid from solutions of carbohydrates with a boron-
selective resin (IRA-T43) which has l-deoxy-l-methylamino-D-glucitol
residues covalently linked through nitrogen to a polystyrene matrix
has been examined.74 Highly sensitive assays for glucose (g;gL,

in serum) have employed immobilized glucose oxidase to generate
hydrogen peroxide, which is detected electrochemically.75’76
Sucrose in sucro-glyceride, a commercial surfactant prepared by
reaction of sucrose with glycerides, has been assayed by separation
of sucrose from the product (using BuOH—HZO) and cclorimetry using
an anthrone-sulphuric acid reagent, the result belng verified by
t.l.c.77 A uronic acid specific assay 1s referred to in the

section on Column Chromatography.
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Synthesis of Enantiomerically Pure
Non-carbohydrate Compounds

A review has been given of the use of (R)~ and (8)-2,3-0-isopro-
pylideneglyceraldehyde as chiral precursors to compounds of many
different types,1 and a new convenient large-scale route to the
less accessible (S)-isomer has been described, proceeding from L-
ascorbic acid via L-gulonolactone.2

1 Carbocyclic compounds

A review on the synthesis of mevinic acids such as compactin (1)
includes several routes starting from carbohydrates.3 In a new
convergent synthesis of (+)-compactin (1), the known epoxide (2)
was manipulated as outlined in Scheme 1; in the key intramolecular
Diels-Alder reaction, the desired isomer (3) was produced along
with the diastereomer of opposite configuration in the hexahydro-
naphthalene system.4

CHOTr CH20€5 Ph O=CHCH,CHy
0 - O o >
L-Ub W-vi v
—_ b —>
o) OMe OMe 5
N =
(2) ° OH +/SLO
/ﬁ/‘kg CHZ CHyp
: 0 e
0o
OH
M

Reogents: i LAH ;i ki~ NH3(1)}iii, PRO CSCL- Py ; v, CHy= CHCH SnBug (V) v, BubMe, SiCL | vi, O3-Me,S ; vii, Wittig reagent;
vid, PhMe (140%; ix, LiBH(BuY),
Scheme 1

A Michael reaction-Claisen condensation involving the
previously reported intermediate (4) derived from galactose (see
Vol. 18, p.256) was a key stage in the first stereoselective
synthesis of olivin trimethyl ether (5) (Scheme 2),5 whilst an
intramolecular Diels-Alder reaction established the correct
stereochemistry during a synthesis (Scheme 3) of a compound (6)
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with the nucleus of the aglycone of (+)-pillaramycinone; the
starting material (7) was prepared from diacetyl—L—rhamnal.6

QMe

M\OH
AcO e
(7) K'd
0si% T 0
~
H
MeQ 0
0
H —
N (0] <+
H 0 H 0Si+
- .
H
OMe OMe O 0

Reagenks: i PhyP=CHAc; (6
W, CHa=CHCOCL ;UL , NuBHa- CeCly, )

W, TBDMSCL v, &. Scheme 3

Diels-Alder reaction between a glucose-derived enone and
butadiene, followed by Ferrier rearrangement, gave (8) (glucose

numbering shown), which corresponds to the AB-ring stereochemistry
of A-rhodomycinone.

(19

The bicyclic system of the mycotoxin diplodiatoxin (9) was
established by intramolecular Diels-Alder reaction, with the
precursor derived in optically pure form from glucose (sugar
numbers shown).B

In a synthesis of the chlorinated prostanoid punaglandin 4
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(10), the side-chain stereochemistry was derived from 2-deoxy-
D-ribose, C-3 to C-7 corresponding with C-1 to C-5 of the sugar;
the 17,18-cis-dehydro compound, punaglandin 3, was also prepared.9
A potential prostaglandin synthon (11) was prepared, ultimately
from glucose, as outlined in Scheme 4,10 and a full account has
been given of the route to a prostacyclin synthon referred to last
year (Vol. 19, p.254).11

CHoCHaNO, NO,
0 o
08N OH =
o]
OH H)\o“ 0Bn
Reagents: L, NaIOs ; i, EtgN-DME ;i MsCL (11)
Scheme 4

2 y- and S§-lactones

The simple chiral building block (12) has been been prepared from
D-mannitol, via (R)-isopropylidene glyceraldehyde, using a
Wadsworth-Emmons reaction; the unsaturated synthon (13) was also
prepared by a variant on the route.l2 Using (12) prepared in a
different way, the pheromone (R)-y-hexanolide (14) was
synthesized.13 An alternative route from isopropylidene glycer-
aldehyde to (13) has also been reported.14

o} H o] H o
) “ o / /
‘CHpoH ?CHy OH “
(12) 13) (14)

C1eH330CH2 (19) (1
e :
! 0
CHz Onps0 @( —
(29 0" NoCH,CHaNMe, Me Me
(21 (22) (@3

The structure and absolute configuration of the marine
metabolite leptosphaerin (15) were confirmed by synthesis from
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15

(R) -isopropylidene glyceraldehyde; the alternative structure

(16), which could not be excluded on spectroscopic data, was also
prepared and shown not to be the natural product.16 The pheromone
(+)~eldanolide (17) has been synthesized from ribonolactone, using
cuprate chemistry to introduce the extra carbon atoms. 1’
Litsenolides = (18) and C,, the E-isomer, have been prepared
from glucose by a sequence involving a Wittig reaction of Ketone
(19),18 and the a-methylene-y-butyrolactone (20) is accessible
from isopropylidene-D-glyceraldehyde, using a Claisen rearrange-
ment to establish the vinyl group.19 Conformationally restricted
analogues of the platelet-aggregating factor, such as (21), have
been synthesized from 2-deoxyribose; similar tetrahydrofuran
analogues were also prepared.zo The hydroxylated butyrolactone
(22) was prepared by oxidative cleavage of the double bond in
3,4—di—g—acetyl—s—deoxy—D—glucalF1 and the butenolide (23) has
been synthesized from 2-deoxy-D-ribose in a multistep sequence
(sugar numbering shown).22
Argentilactone (24) and goniothalamin (25) have been prepared
from .glucose in multistep sequences; the chiral centre of the
lactones corresponds to C-2 of glucose.23 The HMG-CoA reductase
inhibitor (26) has been reported;24 papers on compactin are

mentioned in Section 1.

Me
S Me CH=CH
H
0
T o
Me
2 9,
(22) OH
3

3 Macrolides and their constituent segments

A review on the total synthesis of macrolide antibiotics includes
discussion of chiral routes to the aglycones from carbohydrates.
Methynolide (27), the aglycone of methymycin, has been prepared
from the hydroxy-aldehyde (28) and the acid (29) by esterification
followed by intramolecular Wadsworth-Emmons reaction (Scheme 5);26
a similar sequence involving (28) and (30) led to pikronolide (31),
the aglycone of pikromycin (Scheme 6).27 The same group have used
a similar approach to form tylonolide (32) from the building
blocks (33) and (34) (Scheme 7).2% In the last two sequences,?’:28

the selective removal of the 3,4-dimethoxybenzyl protecting group
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Me 0Bn o 9% o o
% 2
H
+ HO)‘W\/\/

HOH O Me Me
(29) (29
Scheme 5 Me  (27)
0  or® oR
I S Blone)
(28) + Ho NN ) —r —

Me Me Me Me
(30) R'= 4-memonybenzyl

R’ = 3,4-dimethoxybenzyl

Scheme 6

o< o
NN
E
(o} Me Me
(33) (34) oR?

1 a
(R18% 01 for Scheme ¢) Scheme 7T (32)
with DDQ was essential in the later stages. All the building
blocks in Schemes 5-7 were prepared from D-glucose, the sugar
numbering being indicated.

The aglycone of rosaramycin is identical in its ‘'eastern half'
with tylonolide (32). An intermediate (35) representing C-2 to
29 the
starting material shown being a known compound easily accessible

Cc-9 of (32) has been prepared as outlined in Scheme 8,

from laevoglucosan. Fraser-Reid has used his concept of
'pyranosidic homologation' to synthesize intermediates which also
correspond to the 'eastern half' of rosaramycin.30

0] CH,0Ms
o 0 Me,
. - 4 OMs v-vi A Vid=x
BnO BnQ OMe 3
3
Z OH

Reagents: i, CHy: CHCHyMaCL-ERO  id, MeOH-HEL | i, MBCL-Py ; iv, Na-NHg(1); v, NaOMe ; >< (‘5)
Vi, MeMgCL-CuBr jvii, HS(CH2)aSH - BF3.EE20 jviii, Me;C(OMe), TSOH; ix, Mel- CacO3- MeCN /O ; X, PhyP= C{MOCOEL

Scheme 8
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Further routes to segments of aglycones of the erythromycin
group have appeared. The laevoglucosan-derived epoxytosylate (36)
was converted into C(1)- C(5) and C(9)- C(15) fragments (37) and
(38) of 6-deoxyerythronolide B, as outlined in Scheme 9;31 similar
chemistry was also used to prepare the C(9)- C(15) fragment (39)

(o] Me Me

0 -
. HO 1.5
0 > éH N OHO —— \M
0 OBn S
4 [P

3

oTs Me Me  Me Me  Me ™
(3e) \ /\/;%(9)

(= OBn 0><0
Reagents: i, MeMqgCL- Cu(D); i, MeQ™ i, MeMgBr-Culr) (3%)

Scheme 9

of erythronolide A32 and a C(9)- C(15) segment (40) of erythro-
nolide B.>3 The C(10)- C(15) segment (41) of erythronolide A has
been synthesized from D—ribose,“ and, in conjunction with other
fragments (see Vol. 16, p.151), used for the total synthesis of
the aglycone.35 A C(9)- C(15) segment (42) of erythronolide A

CHyMe'® qCHO
Me 0 Me
OBn q BnO
8n0 OMe Me
Me QOSiBuPh,
15 CHa M.
(39) CH,Me Y 28 o CHO
Me (40) AS) Me
Me 1 OH
OMe OMe
HO OMe Me OMe BnO
Me Me CH,08n
(42) (43) (a4)

and a C(1)- C(6) segment (43) were both synthesized from glucose
via a common intermediate,36 and the potential macrolide/ionophore
synthon (44) has been reported.37

A number of glucose-derived compounds have been reported which
are stereochemically appropriate for the polyhydroxylic array (45)
present in the polyene macrolide amphotericin,38 and two such
units have been linked together about a pivotal carbonyl group to
give a compound (46) (Scheme 10) which corresponds to the right
hand side of (45).3°

The total synthesis of the 16-membered macrodiolide elaiophilin
has been accomplished by a route which inveolved as a key step the
reaction of a boron enolate of (47), derived from glucose (numbers
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CHO >
o g 0
OMe 3
+
) —— 20
QBn 0,
H COgH 20 o)(
q 1 CHO BnOm(a
HO,C I 46
OH OH O OH OH OH (46)
OH OH % Me.
45
(4% Scheme 10

shown), with the dialdehyde (48), produced by Wittig extension of
an earlier reported intermediate (Vol.15,p.253-4). In the aldol
condensation, other syn-aldol products were also produced.40 The
'‘disaccharide' side-chain unit of elaiophilin has also been
prepared by other workers in the form of (49) (glucose numbers);
the ethyl group was introduced by a copper-catalysed Grignard

opening of epoxide (36).41
1 .
oR R' = SiMe,Prt
1 3 i
RO, wMe R2a SiEb,Prt
3
o o ?t Me l‘ga T" Me
AN AN H ROm o, SSOR
2 0o 0
oR* 0 o o 0 0 Rov s L,
MQM)\ H XN 0 o~ Buw
z ™ Me M
Me” ¢ * <« (49) R= SiBu*Me,
(a7) (9)

4 oOther Oxygen Heterocycles

A synthesis of avermectin Ba has been achieved42 using the
previously reported (S.Hanessian, A. Ugolini, and M. Therein,

J. Org. Chem., 1983, 48, 4427) spiroketal unit (50), prepared from
the glucose-derived lactone (51) as outlined in Scheme 11; the
unit (52) can be derived from glucose, but is best prepared from

Li_ AN wHe
‘\\\ML L-iv Ho Me
+ —_— "y
Mejs 1o} fe
OBn oBn Me
(51) (52) Me (50)

Reagents: i, Mix in E50,-78°, then PPTS ; i, Hy- Pd/BaS0s-C | iii, BFy. E£y0; iv, BugNF-THF

Scheme 11
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L-isoleucine. A full account has been given43 of the synthesis of

the spiroketal antibiotic A23187 (calcimycin) from glucose (see
Vol. 18, p.250-1). Full details have also been reported for the
synthesis of a glucose-derived fragment, mentioned last year (Vol.
19, p.256), corresponding to C(9)- C(14) of okadaic acid,44 and the
total synthesis of the complete structure of this marine toxin has
been accomplished by linking together sugar-derived building
blocks mentioned in earlier volumes.45

s OH CHO  AO._, CHyMe
0 ’1( OH A
(53 Me 0\

59

A further sugar-based synthesis of the pheromone (+) exo-
brevicomin (53) has been carried out, starting from D~xylose
(sugar carbons numbered).46 The degradation product (54) of the
neurotoxin verrucosidin has been prepared from D-glucose (numbers
indicated); this synthesis confirms the absolute stereochemistry
of the natural product and provides a promising synthetic inter-
mediate.47 A further synthesis of pseudomonic acid C from carbo-
hydrate precursors has been reported,48 and aurovertin B (55), an
inhibitor of ATP synthesis, has been synthesized from D-glucose
via the intermediate (56), this synthesis serving to determine
unambiguously the absolute configuration of the natural product.49

The interesting antibiotic and herbicide oxetin (57) has been
prepared from glucose via the multi-step route outlined in Scheme
12. Other stereocisomers of oxetin were also obtained from
reaction intermediates, since neither the Wittig reaction nor

epoxidation were stereospecific.50

CHO OH
o CH,0H CH,OTs N3 NHy
6
Koy — [, — o o o [
0 A A COpH
O)r ) ] (57)
Scheme 12
A number of papers deal with chiral synthesis of epoxides. The
pheromone of the ruby tiger moth (58) has been prepared in 10
steps from D-xylose diethyldithioacetal (sugar carbons

numbered),'s1 a full account has been given52 of glucose-based
routes to both enantiomers of the gypsy moth pheromcne disparlure
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(see Vol. 19, p.256), and the bioactive (7R, 8S)-isomer (59) has
been prepared from D-ribose.>> The fatty acid metabolite (-)-
vernolic acid (60) has been obtained from 2-deoxy-D-glucose (sugar

'/\CsHu(ﬂJ R CioHay(m COLH
s O(/\/\
3 ' .
40 o prt
s CHa CioHyg (@ (59) (60)
(5®

carbons numbered).54 The important building block (61) of leuko-
triene A4 has been prepared in two ways from isopropylidene D-
glyceraldehyde. 1In one approach (Scheme 13) hydroxylation
according to the Kishi rule is used to establish the stereo-
chemistry of the epoxide,55 whilst in the other (Scheme 14) a

CHO
u.m

(6D

Qecuamts: L, Wittig reagent ;ii, 0504~ NMMO ; iii, DCC-DMAP ; iv, MsCL-Py ; v OMe™ , VL, ACOH -H0 ; vii, NaTO4
Scheme 13

TMS \ 7L0 T S

2
\/\/\/\ © \2ﬁ >
OH

Eﬁ

Reagents: i Bu,l“h;Br (Co) ety then Cul-Me,S ; i, Isopropyiidene D-glyceraldenyde | (61)
i) BufOy K - VO(Mu),‘,w, ButOH- Bu,NF Scheme 14

highly stereoselective addition of a vinyl copper reagent is the
key step.56 The (5S, 6R)- and (5R, 6R)-isomers of (61) have also
been prepared from D—xylose.57

The spirocyclodihydropyranone (62) and its 3,4-dehydro-5-

keto-isomer have been prepared from D-fructose and suggested as
58

potentially useful chiral synthons. The compound (63), prepared
by a ring-contraction reaction, has been advocated as a chiral
isoprene synthon.59 The chiral diol (64) can be prepared by the

hydrogenolysis of tri-O-acetyl-D-glucal or its allylic rearrange-
ment product,60 whilst diol (65) has been prepared by dehydration
of 2-deoxy-D-aldohexoses, the chiral centre corresponding to C(5)
of the sugar.61

Papers dealing with sesbanimide are mentioned in the next

section.
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o 0 CHOH CH,0H
DS T
HO\ o
)

(63) (6% (63)

62

5 Nitrogen and Sulphur Heterocycles

(-)-8-Epi-swainsonine (66) has been prepared by a cyclization
between N(3) and C(6) of a 3-amino-3-deoxy-D-glucose derivative
(glucose numbers exocyclic), and (-)-1,8-di-epi-swainsonine (67)
was accessible by including an inversion of configuration at C(4)
of the sugar.sz’63 By a somewhat similar sequence starting from a
3-azido-3-deoxy-D-altropyranoside, itself prepared from glucose,
(-)-8a-epi-swainsonine (68) was available; this was an «¢-mannosid-
ase inhibitor, but not such a powerful one as swainsonine
itself.64

S-.uOH
(67)
OTf OH
N—COR R=Bn ACHN,, WOH
——
° N~ CH,OH
H
OMe
HO (e9) HO (79
Ho,, WOH
-4CO,H HOCH™ CO,H ;
N 2 N~ ZYCOH > Ny N~ JoH
H H
(72) (13) (74) (75)

When the triflate (69; R=Bn) was treated with azide ion,
inversion of configuration occurred to give a product which was
converted to the g-N-acetylglucosaminidase inhibitor (70), whilst
(69; R=t-Bu) reacted with azide to give predominantly the product
of retention of configuration, and thus ultimately (71).65 The
aminocacid (2R, 3S, 4R)-dihydroxyproline (72) has been prepared
from D-ribonolactone by a sequence which also involved an unex-
pected replacement of triflate by azide with retention.®® The

naturally occurring trihydroxypipecolic acid (73), its (2R)-
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isomer, (2S, 4S, 58)-dihydroxypipecolic acid, and bulgecinine
(74) have all been prepared from 1,2-0O-isopropylidene-D-glucuro-
nolactone by introduction of nitrogen at C(5) and subsequent

7 Two alternative routes have been devised for the
68,69

cyclization.6
preparation of S-quinuclidinol (75) from D-glucose.
The potent antitumour agent (+)-sesbanimide A (76), approaches
to which have been discussed in the two previous volumes,
has finally been synthesized by further manipulation of the
intermediate (77), derived from D-xylose, reported last year.
The enantiomer of (77), available from D-sorbitol (see Vol. 18,
p.252), has been used simultaneously by two groups to produce the
unnatural (-)-enantiomer of sesbanimide A;71’72
syntheses the absolute configuration of the natural product had
remained unknown. An alternative approach to the AB ring system

00
o OH
—
0
H o OH NH o O NH

(m °

70

prior to these

CHO

t@ + /\/B(OHQZ
o] oOMoOM

of sesbanimide (in the enantiomeric series) uses the reaction of
an allyl boronate with cyclohexylidene D-glyceraldehyde to
generate (78) in a key step.73 A further route has been reported
from D-xylose to the 0,0,N-tribenzyl derivative of (77).74

Chiral routes to g-lactams from sugars have attracted atten-
tion. Michael addition of O-benzyl hydroxylamine to an enone gave
(79), which was transformed via the g-aminoacid to g-lactam
(80).75 Alternatively cycloaddition of a nitrone to the same encone
gave stereoselectively the adduct (81), which could be converted
to (82).76 Reaction of di-0-acetyl L-xylal with trichloroethyl
isocyanate, followed by treatment with Florisil, gave the [2+2]
cycloadduct (83), but in low yield; the diastereomer at C(1) and
C(2) and a [4+2] cycloadduct were also formed.77

Ketene~imine cyclization, involving an imine of D-glyceralde-
hyde acetonide, gave rise diastereospecifically to the A-lactam
(84) , which was converted in several steps to the N-unsubstituted

compound (85).78
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CHyPDAC coz W
0 Chz : £OSiH
0 ——> }‘NH:) _—
Chg o NH CHZ08(%
NHOBR l»OSL & (80)
(79 CH,0Ac Ha08iZ
0 OMe
) HO O AcQ /—O
——
NH
O, w@om 0
glh (82) AcO
21 83
N3\ 0 ( ) ( )
Hlln l ‘ CO,H
f >< Me0,C
85
(84) (82) (86)

An enantiospecific synthesis of (R)- (+)-~1lipoic acid (86)
from glucose has been presented; the chiral centre in (86)
corresponds with C(4) of glucose, with inversion of configur-

ation.79

6 Acyclic Compounds

Two groups have independently reported very similar routes (Scheme
15) to D-erythro-sphingosine (87) and related compounds from 2,4-
O-isopropylidene-D-threose (88) or the corresponding benzylidene
acetal; these materials are easily accessible by periodate
degradation of 3,5-0-isopropylidene-D-xylose or 4,6-O-benzylidene/

J'.sopropylic!ene-_[g-galactose.30"82 Use of the benzylidene acetal
gave a better yield of trans-product in the Wittig react:ion.80
/ClaHZT(")
!;IH
X OH ——> X OH —>—> N3-‘|3 —_— HOCH{Y\/C|3H27G¢)
H
(88) (87
Scheme 15

Alternatively, di-isopropylidene-glucose has been used to prepare
4(E)- and 4(2)-D-erythro-ceramide in 10 st~ps, C(1;- C(4) of
sphingosine (87) being derived from C(2) to C(5) of glucose, with
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inversion at the nitrogen-bearing centre.83 The phytosphingosines
(89) and (90), of which the D-ribo-isomer (89) and its 020
homologue are widely distributed in plant sphingolipids, have been
prepared from isopropylidene-D-glyceraldehyde as outlined in
Scheme 16; hydroxylation of intermediate (91) gave a 2:1 ratio of
the precursors of (89) and (90) respectively, and the enantiomers
of (89) and (90) were obtained by Mitsunobu inversion of (92) with

benzoate, and then similar reactions.84
0 NH
CHO T CHag(n) Moo ¥ 2 gH
l:OX —— [OH i, N —r—r HOCH N Cighiag(0)
0 CH,0Bz H, 0Bz
4 2 OH (39)
02) (o1 T QM
HOCH,” > ~CiyHag (™)
Reagents: i, PhyP-DEAD- Phthalimicle - THF %H (50

Scheme 16

A synthesis of (+)-leukotriene B, from D-mannitol has been

completed by extension of earlier wgrk (Vol.19, p.263) on the
synthesis of chiral a—hydroxyaldehydes,85 and two optically

active propargylic alcohols, which are useful intermediates for
LTB4 synthesis, have been prepared from D-xylose.86 In work
concerned with the structural assignment of lipoxin B, a series of
four isomers of 5,14,15-trihydroxyeicosatetraenoic acid was
synthesized from 2-deoxy-D-ribose. One of these was the (55, 14R,
155)-8-cis-isomer (93); natural lipoxin B was found by this
research group87 to be a mixture of (93) and the two all-trans
isomers discussed last year, and which other workers have reported
as the sole constituents of lipoxin B. The methyl ester of 12(S)-
hydroxyeicosatetraenoic acid (94) and all three products of its

COxMe
7o
OM
20 OEE
(o3 (99) (95)

further hydroxylation at C(19) or C(20) have been prepared from
glucose, with C(2)- C(5) of glucose giving rise to C(14)- C(1l1l) of
(94).88 All four stereoisomers of structure (95) have been
prepared from D-glyceraldehyde acetonide and converted, by
nucleophilic opening of the epoxide and subsequent manipulation,
into a series of a-hydroxy- and «,A-dihydroxyaldehydes of use in

the synthesis of lipoxygenase metabolites.
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The degradation product (96) of the coenzyme methanopterin has
been synthesized as outlined in Scheme 17; various other configur-

ations of the tetraol were also prepared in a similar way and

shown to differ from the degradation product.90
N(TMs), NH2
CHO N(TMS),
O>< )
+ L U,
g —_—> gH —_— CHy
OH
0>< L O>< OH
(0] OH
O>< CHZ0H
Reagents: i, Eby0 (-78%) i, LAH - E£,0 (80%) ; 1L, HEL (96)

Scheme 17

(-)-Indicine-N-oxide (97), the enantiomer of the natural
antitumour agent, has been prepared by linking the previously
reported chiral pyrrolizidine (see Vol. 19, p.260) with a chiral
carboxylic acid derived from D-arabinose.

An improved procedure has been reported for the synthesis of a
C(19)- C(29) fragment of rifamycin W (see Vol. 16, p.270).92

The diaziridines (98) and (99) have been prepared from D-
mannitol, and, by organometallic opening of the aziridine rings

Hgﬂ . J:NH 0/\:/kR

\L \)L I
Y 0 A\-o
NH HN
(100)
(98) (99 Me
CHa=CH  CH,0H 2CHy
H H A—OH
(cH)5Me 0 0 f[oH
° >< 4 CHy0M
(1o1)
(103)

(102)

followed by central oxidative cleavage, these could be converted
to chiral a-aminoacids.93 Adducts of type (100), produced dia-
stereoselectively from D-glyceraldehyde acetonide, can be
converted, by Mitsunobu inversion with phthalimide, hydrolysis,
and oxidative cleavage, into D-a-aminoacids or (R)-a-phthalimido
aldehydes.94

By employing Wittig reactions on S5-aldehydo-pentosides, chiral
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long-chain 1,2,3,4~tetraols of D-ribo-(101), D- and L-lyxo-, and
D-xylo-configurations were obtained; these are related to natural
products found in some plants, and to phytosphingosine.95

The chiral synthon (102) has been prepared by zinc-copper
cleavage of 5-bromo-5-deoxy-2,3-O-isopropylideneribonolactone,
followed by reduction; it could also be made from divinyl carbinol

96 The chiral triol

by Sharpless' kinetic resolution procedure.
(103) has been obtained from D-glucose (numbers shown) via a

dithioacetal of 2-deoxy-D-ribose, and the enantiomer of (103) was
also prepared from L-arabinose.97
precursor for the chiral synthons (S)-2-benzyloxybutanal and (S)-

3-benzyloxy-2-pentanone.98

2-Deoxy-D-ribose served as a
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