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Preface

This report summarizes the literature for 1985 available to us by
March 1986. We regret that we have not yet been able to improve
the speed of publication, but we live in hopes!

Despite the value of this report expressed by some readers, the
financial viability of it remains a cause for concern. In line
with other titles in the Specialist Periodical Reports series,
there has been a steady decline in sales from over 1000 in the
initial period to between 500 - 600 in recent years, and of these
the great majority are to libraries rather than individuals.
Unfortunately this situation forces an unattractively high price
for the volume, even at a concessionary rate for members of the
Royal Society of Chemistry, and minimizes the financial encourage-
ment of reporters. It is not clear to the Publications Committee
of the RSC how this vicious circle can best be broken, and
constructive advice would be welcome. At the present time the
publication of these reports is under review, and future volumes
cannot be guaranteed. We are sorry that in view of this situation
we are unable to supply reprints for any part of this report, as
this obviously adds to costs and detracts from sales.

I would like to thank my willing band of reporters for all their
efforts, and also Dr.P.G.Gardam and his staff at the Royal Society
of Chemistry for the production of this volume in its final form.

April 1987 Neil R.Williams



REPRINTS

In response to several gueries, the situation
regarding reprints of chapters of Specialist
Periodical Reports titles is that they are

not made available because even a relatively

small consequent decrease in sales would have
a disproportionately large adverse effect on
the precarious finances of this specialist

series of books.
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Abbreviations

The following abbreviations have been used:

Ac acetyl

Ad adenin-9-yl

Bn benzyl

Boc t-butoxycarbonyl

Bz benzoyl

Cbz benzyloxycarbonyl

c.d. circular dichroism

CI chemical ionization

DAST diethylaminosulphur trifluoride
DBU 1,5~-diazabicyclo[5,4,0]lundec-5-ene
DCC dicyclohexylcarbodi-imide

DEAD diethyl azodicarboxylate

DIBAL di-isobutylaluminium hydride
DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMSO dimethyl sulphoxide

EE l-ethoxyethyl

e.s.r. electron spin resonance

FAB fast-atom bombardment

GC gas chromatography

HMPT hexamethylphosphorous triamide
i.r. infrared

LAH lithium aluminium hydride

LDA lithium di-isopropylamide

MCPBA m-chloroperbenzoic acid

MEM methoxyethoxymethyl

MOM methoxymethyl

m.s. mass spectrometry

Ms methanesulphonyl

NBS N-bromosuccinimide

NIS N-iodosuccinimide

n.m.r. nuclear magnetic resonance
o.r.d. optical rotatory dispersion
PCC pyridinium chlorochromate

PDC pyridinium dichromate

Py pyridine

SIMS secondary-ion mass spectrometry
TASF tris(dimethylamino)sulphonium difluorotrimethyl silicate
Tf trifluoromethanesulphonyl

THF tetrahydrofuran

Thp tetrahydropyranyl

TBDMS t-butyldimethylsilyl

T™MS trimethylsilyl

TPP triphenylphosphine

TPS triisopropylbenzenesulphonyl
Tr triphenylmethyl

Ts toluene p-sulphonyl

U uracil-1-yil
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Introduction and General Aspects

The past year has seen a continued development of the research area
covered in this report towards specific biological applications of
mono- and di-saccharides, especially the synthesis of disaccharides
and oligosaccharides which are increasingly sought as probes for
investigating immunological interactions, and the synthesis of
analogues of antibiotics and nucleosides in the search for more
effective antibiotics and antimetabolites. Nevertheless, the
contents of the other chapters clearly indicate that wider aspects
of monosaccharide chemistry continue to excite the interest of
carbohydrate chemists, and also others who find carbohydrates
convenient chiral sources for a wide range of biological compounds.
Modern techniques of n.m.r. spectroscopy and mass spectrometry are
also proving of great benefit for the analysis of complex carbo-
hydrate structures. The fact that we record over 1400 references
contributed by nearly 3000 workers speaks for itself!

Fringe areas have continued to pose a problem as to where to
draw a line between carbohydrates and non-carbohydrate materials.
In Chapter 4 we have concentrated on the synthesis of specific
oligosaccharides, and the title of the report has been modified to
reflect the distinction we wish to make between oligosaccharides
occurring as such or attached to aglycones, which includes many
antibiotics, and oligosaccharides recognized as structural units
of polysaccharides. Likewise the coverage of other materials which
are only part carbohydrate has been generally selective for those
papers which discuss the chemistry of the carbohydrate moiety;
obviously, distinctions are not always clear, and we hope that not
too many papers get omitted which would be of interest to readers
of this report.

Papers of more general carbohydrate interest published this year
have included a description of a computer programme for selecting
protecting groups of alcohols, ketones, and alkenes,l details of a
new ball-stick building set feor sugars,2 and reviews (in Japanese)
on the reaction of sugar derivatives with Grignard reagents
( asymmetric reactions, acetal cleavage, deoxygenation of vic-diol
monosulphonates, anomerization and ring-opening of furanosides)3

and on the application of electrochemical oxidation and reduction

1



2 Carbohydrate Chemistry

of cm:bohydrate's.4 A relationship has been established for several
carbohydrates between the partial molar heat capacity and the number
of equatorial hydroxy groups in aqueous solution; exceptionally
large values are caused by specific interaction of equatorial
hydroxy groups with water molecules.

References
1 E.J.Corey, A.K.Long, T.W.Greene, and J.W.Miller, J. Org. Chem., 1985, 50,
1920.
2 E.Menzel, Prax. Naturwiss., Chem., 1984, 33, 289 (Chem. Abstr., 1985, 102,
5121.

3 M.Kawana, Yuki Gosei Kagaku Kyokaishi, 1985, 43, 226 (Chem. Abstr., 1985,
102, 204 178).

4 I.Kitagawa and M.Yoshikawa, Yuki Gosei Kagaku Kyokaishi, 1985, 43, 594
(Chem. Abstr., 1985, 103, 88 129).

5 H.Uedaira and H.Uedaira, J. Chem. Thermodyn., 1985, 17, 901 (Chem. Abstr.,
1985, 103, 215 658).
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Free Sugars

The processing of hardwoods to produce xylitol and other polyols
monosaccharides and furfural is the subject of a Russian review.
The metho%s for the preparation of lactulose from lactose have been

reviewed.

1 Theoretical Aspects

A theoretical study of solvent effects on the free energies of cello-
biose conformers, taking into account electrostatic, dispersion and
cavity terms in ten solvents, has been carried out using the PCILO
quantum chemical method: the main conclusion was that the structure
observed in agueous solution is similar to that found in the crystal.
The solvent-induced conformational changes for @-cellobiose were com-
pared with those for B-maltose and the differences attributed to the
different solvation. Comparisons between calculated and observed
n.n.r. spectra were made. Ab initio calculations on water dimers
with ten model geometries and seventeen which simulate the hydrogen
bond contacts encountered in crystals of‘p—D—fructose, -arabinose,
and -turanose exanined the relationship between variations in geo-
metry and hydrogen bond energy. The distance between the donor and
recipient was varied and the calculated frequency shift was examined
in relation to the hydrogen bond energy and the absorption intensity.
The absence of a one-to-one relationship led to the conclusion that
the observed variations are due to differences in the separation
distances. The results were used to determine which hydroxy-oxygen
contacts give rise to the narrow hydroxy i.r. bands observed in sugar

crystals.

2 Synthesis

In a study of the formose reaction carried out in the presence of
chitosan-lanthanum hydroxide, the sorption-desorption processes of
the reaction and the stereochemical effectiveness were shown to

depend wainly on the pd or the wedium.>

3



4 Carbohydrate Chemistry

Conversion of D-glucose to D-fructose proceeded in a maximum yield
of 67.7% when catalyzed by disodium pentasilicate in aqueous meth-
anol. The reaction was second order with an activation energy of
129 kJ mof and proceeded faster with increasing concentration of
methanol.

Hydrothermal equilibration of 1,3-dihydroxy-2-propanone and
glyceraldehyde with their dehydration product methylglyoxal, a
process related to the degradation of biomass, has been studied in
the temperature range 180—2400C.

A further paper on the use of deuterium displacement of the
products of photobromination of anhydrosugars (see Vol.17, p.6)
describes the synthesis of the two optical antipodes of D-[5-H ]-
ribose. The key reaction shown in Scheme 1 for the (5-R)-isomer
proceeded with 100% optical purity in 80% chemical yield; the (5R)-
and (5§)-isgmers were obtained using the previously described
procedures.

By
%,
2H
Reagents : (, LLEtaB 24 Scheme 1

Chain-extension reactions via aldehyde additions have been used
to synthesize higher aldoses, enuloses, branched-chain enuloses and
1-deoxy-alduloses. Addition of 2-1lithio-1,3-dithiane to partially
blocked carbohydrate derivatives proceeds in certain cases with high
stereoselectivity; the authors suggest that the reaction is con-
trolled by chelation of the oxygen functions at C-1, (-2, and C-4
with the lithium cation as shown in formula (1) of Scheme 2. The
same paper describes the reaction with 2,3;5,6-di-0-iso-
propylidene D-allofuranose to yield the heptose derivative (2) and
its C-2 epimer in a ratio of greater than 30:1. Addition of 2-lithio-
1,3-dithiane to 2,3:5,6~-di-0-isopropylidene-D-mannofuranose gave

rise to the D-glycero-D-galacto-isomer {3) which was converted via a

sequence involving oxidation at C-7 and reduction at C-1 into L-
glycero-D-mannoheptose (4). Stereocontrolled homologation of o~
hydroxy aldehydes has also been achieved by addition of silazoles.
Thus the protected derivative (5) of D-erythrose was preparable from
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2,3-0-isopropylidene-D-glyceraldehyde as shown in Scheme 3; using the
same sequence on (5), the D-ribose derivative (6) was prepared.

The Wittig reaction using the reagents (7) and (8) on 2,3-iso-

CHO N ~7Z_ S
/ A\ . Q \ several
o) + SiMe, — O — O\)\/ CHO
>< s 3 =N steps ;

propylidene-D-glyceraldehyde also proceeded stereoselectively; in the
case of (7), the (E)-isomer (9) predominated over the (_@_)-isomer (10)
by 64% to 25% isolated yield, while (8) gave exclusively the (E)-
product (11). Hydroxylation of (9) with osmium tetroxide-
potassium chlorate was used to synthesi%e 1-deoxy-D-tagatose and

1-deoxy-D-psicose as shown in Scheme 4.

[
4

Me

Ph3P=\g/Me Phﬁz—Kg/Me /O Me, X . /o Me
X X X
(7) (®)
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Catalytic osmylation of the allylic ethers and alcohols (12) led
to the octose derivative (13) as the predominant isomer; the (Z)-
alkene (14) gave the 7-epimer (15), in agreement with the empirical

rule of Kishi that there will be an erythro-relationship between the

oxygens at C-5 and C-6. The reaction segquence was also extended
Me Me
f 0 o
L
©) — 1w OH o
+ o)
HO OH
CH,OH
o) o i
o on = LoX o< T Me
>< o o -
070 Nye u./(«:/5) (31/:.)\\11L 0><O
1-deoxy-D-tagatose 1- deoxy-D-psicose
Reagents : i, Os0,~KC104; ik, Me,CO-H™; iii H30™"
Scheme 4
CH,OR CH,OR CH,OH
\ HO HOCH, Xy OH
o OH OH
0/s — ) ) — =)
(o) < - <
Q (13) (14) (15)
o)(’
(12) R=H Bn

to the synthesis of decose derivatives.15 The hydroxylation of the
ofyf-unsaturated ester derivative (16) yielded the erythro-acetal
(17). Reduction of the diacetate of {17) with lithium aluminium
hydride followed by acid hydrolysis and deacetylation gave DL-ery-
throse. A similar sequence starting with the (E)-isomer of (16) led

to DL-threose. (+)-Di-isopropyl tartrate catalysed t-butylperoxide
MeO OMe MeO OMe CHO
\T::v//cone " \I:;//co Me tZOH
w 2 o
‘\\ ° Eu éHggH
(16) (177) (L) (ou)

epoxidation of the unsaturated acetal (18), itself prepared by Grignard
addition to aldehyde (19), gave a mixture of the ribo- and lyxo-
isomers (20) and (21) in a ratio of 24:1. Separation and base-
catalyzed ring opening of (20) yielded the ribo-hexose (22), acid
hyd¥olysis of which gave 2,6-dideoxy-DL-ribo-hexose (23) (Scheme

5). The total synthesis of methyl 3,4,5-tri-O-acetyl-1,7-di-0-
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benzyl-u—DL-gluco—hept—Z-ulopyranoside (24) has been achieved
(Scheme 6).

CH(OMe)z cw(om)2 (EH(OM:)E (ISH(OMG)Z Me
CHZ 5CHO CHy CHy e}
\e—r/ OH
—_ H
(19) s }Q - OH \ °
OH OH HO
(18) Me Me OH
(AU, compounds DL) (20) (21) (22) (23)

Scheme §

/N v/ %P e _‘<CH205" MeO_ /7 \ ,OMe CH,0Bn
CHy CHy CHa0Bn o
OBn 0 OH { 0 \g CH,0Bn

OBn OH
2
CH,0BN CH,0Bn CH,0BN OH
O cH,0Bn 0 cH,08n CH,0Bn lmmvw
K\- Xw HO
on one CH,0Bn
(l:omcr OMe ><OM2
e
01

Reagcn,bs L LAH G, Cb =T50H; iii, BnCL- NaOH-DMSO 5 iv, TSOH v, Bry- MeOH 5 vi, 1%H2 S04 ; vic, Mel- Ag,0:
Vil HC(OMe) ;- BF; ; ix, No.BH,- THF; x, MCPBA ; xi, Ba(OH), | Xib, Ac,0-Py
Scheme 6
The product of the reaction between the isomaltol x-D-glycosides
(25) with triethylamine-pyrrolidine has been shown to be the corres-
ponding 1,6-anhydro-4-D-glycopyranose, formed by the internal dis-
placement of isomaltol as shown in Scheme 7. The isomaltol (26)

gives a polymer, which is also produced in the browning reaction.

CHoO—H “NEE, CH209
o
HO OH -~ | HO — | — HO
\ © (26)

(25) Ac (_)O

Scheme 7

1-0-Acetyl groups in substituted hexopyranoses may be hydrolyzed
by aqueous tin(IV) chloride. The reaction is complete within 1h;
trans-1,2-acetoxy groups are hydrolyzed at RT, whereas a temperature
of AOOC is required for 1,2-cis cowmpounds. 'rhe method is satis-
factory in the presence of Z2-phthalimido and 2-0-tosyl groups, while
rfor perbenzyl l1-acetates it is virtually guaantitative. 1,2-Trans-di-



8 Carbohydrate Chemistry

acetoxy compounds do not give complete formation of the glycose due
to a migration of the 2-0O-acetyl group to C-1. Regioselective 1-0-
deacylation of peracylated glycopyranoses has also been achieved
using ammonia in an aprotic solvent such as acetonitrile, dimethoxy-
ethane, or THF, sometimes with the addition of a little methanol.

The reaction proceeded in high yield at room temperature. Two
examples are shown in Scheme 8.

CHZOAc CH,0Ac CH,0Bz CHZOBZ

0 _oac 0 0 o8z o

L w
OAc QOAc 0Bz ? 0Bz
AcO AcO OH Bz0O B20 OH
OAc OAc
100% T5%
leagents : L, NHy~ MeCN, bh ; L, NHz- THF - MeOH, 5h
Scheme 8

Galactose oxidase has been used to prepare L-sugars from alditols;
the conversions are incomplete due to product inhibition of the
enzymes. The general arrangement shown in (27) is necessary although
not all examples are good substrates; it was found that addition of
ferricyanide ion increased the reaction rate. The enzyme was used to
prepare L-xylose, L-galactose, L-glucose, and D-threose, following
Scheme 9.

R R
HO——L ) i, WO —L
OR OH
CH,0H CHo
(27)
Reogen.t; i,Galactose Oxidase
Scheme 9

3 Physical Measurements

The n.m.r. line width and saturation transfer method has been used to
determine the thermodynamic and kinetic parameters for ring—opening3
and closing of aldo- and ketofuranoses and their phosphate esters.
The kinetics of the mutarotation of sugars have been determined using
an h.p.l.c. technique, in which the change in the chromatogram with
time following dissolution of a pure anomer in water was determined.
For the &-L-rhamnopyranoseﬁA—L—rhamnopzranse equglibrium the rate
constant was determined to be 6.8 x 10 s at 25 in good

agreement with values from optical rotation methods. The equilibrium
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of anomers in different solvents was also studied.24

Excess enthalpies of aqueous solutions of aldopyranosides have
been measured at 250 and the self- and cross-interaction coefficients
determined. The same microcalorimetric methods were used to
measure the excess enthalpies of eight ternary aqueous solutions of
four aldopentoses and either glycine or N-acetylglycinamide at 2500.
The results showed that these amino-acids do not provide gggd models
for the peptide-sugar interactions (see also Vol.18, p.7). A
rigorous method of analysis has been applied to determine the temper-
ature dependent activation parameters for sucrose hydrolysis. It was
concluded that the inclusion of a temperature dependent activation
enthalpy was unwarranted.

Sugar-water interactions have been evaluated from diffusion
measurements. The Stokes-Einstein relation for mono- and tri-
saccharides was discussed and the diffusion coefficients for D-ribose
and 2-deoxy-D-ribose were measured. The latter has the larger co-
efficient,showing that 2-deoxy-ribose breaks the local water
structure, whereas D-ribose hardly affects the structure. It was
suggested that the mean number of equatorial hydroxy groups is a
good parameter for describing sugar hydration properties. It has
been demonstrated that, over a wide range of concentration, the ideal
and non-ideal solution models of D-glucose are inadegquate unless
hydration is taken into account. A hydration number of 3.5 was found
for molecular D-glucose, while dissociated D-glucose ions are not
hydrated: this result was discussed in relation to intramolecular
hydrogen bonding within D-glucose ions produced in alkaline isomer-
ization reactions. A study by C n.m.r. spectroscopy of
D-idose using partially deuterated hydroxy groups has shown that
intramolecular hydrogen bonding stabilizes the «-pyrancse in the

C_ conformation in non-aqueous solvents (see also Chapter 21).

The constants for H-bridging complex formation between D-glucose,
cellobiose, xylose, and phenol as models for cellulose and different
O-basic dipolar molecules such as N-methyl-caprolactam, HMPA, and
DMSO in chloroform and ethanol have been determined. Evidence

of hydrogen bonding in D-fructose as shown in (28) has been obtained
from variable temperature high field n.m.r. spectroscopy. The
preponderance of the A-furanose form in DMSO is attributed to this
feature. The kinetics of the tautomeric equilibria were studied.

The concentration and structure of free radicals generated in D-
glucose, lactose and cellulose by ¥-irradiation have been determined
by the chemiluminescence produced on contact with distilled water or
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aqueous solutions of various substances. It was possible to

CH;O\R

(28)
distinguish between singlet oxygen and excited carbonyl species by
the wavelength of the chemiluminescence (630 nm and 500 nm respect-
ively). ¥-Irradiation of cellobiose gave a paramagnetic inter-
mediate formed by cleavage of the C-5-0 bond as shown by e.s.r.
spectroscopy. A mechanism for radiolysis of cellobiose was pro-
posed. E.s.r. spectroscopy has also been used to show that the
source of lyoluminescence in irradiated L-rhamnose is the recombin-
ation ofg%enerated peroxide radicals to yield carbonyl-containing
species.

The density, viscosity, and ultrasonic velocity of aqueous D-
fructose solutions in the presence of metal ions have been determined
at BOOC. Partial molal volumes, partial molal compressibility, free
energy change, and viscosity B-coefficients of these solutions were
calculated from the data. It was concluded that solvent-solute
interactions are suppressed in the presence of metal ions. "Hydro-
phobic indices" calculated from the hydrophobic and hydrophilic
surface areas of seven monosaccharides were calculated and found to
correlate with the partition coefficients between polystyrene gel and
water and with the free energy change for transfer from water to
butanol. The hydrophobic surface area was defined as the surface
area occupied by methine and methylene groups and the hydrophilic
surface as that occupied by hydroxy and ether oxygen functions.
Different conformations of anomers of pyranose and furanose forms were
considered where appropriate. 7

When manganese(III) ions are used to induce reaction between hypo-
bromous acid and sugars, oscillations appear in the potential of a
platinum electrode in the solution. HNine common mono- and di-
sacccharides were studied by such polarography and sustained oscill-
ations of the Belousov-Zhabotinsky type were noted when a nitrogen
flow was used. N.m.r. spectroscopy of D-[2- "Clfructose has been
used to study its mutarotation in alkaline solution. Thermodynamic
parameters for the interconversion of the o~ and @B-furanose forms,

the A-pyranose and the keto-form were determined.
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4 Oxidation

A mechanism for the oxidation of D-ribose with cerium(IV) in
sulphuric acid has been proposed on the basis of its kinetiecs.
Activation parameters for the oxidation of D-glucose, D-galactose, D-
mannose and D-gulose by silver(I) and mercury(II) ions at pH 1 have
been determined. Rate constants were linearly related to the free
energy of aldose equilibrium forms as well as to the redox potentials
of the oxidants. The kinetics and mechanisms of oxidation of D-
glucopyranose 6-phosphate and D-ribofuranose 5-phosphate by chromium
(VI) in perchloric acid media have been determined using u.v.
spectroscopy. The reactions were acid catalyzed and accelerated by
the addition of sodium perchlorate. There is a variable dependence
of rate on the concentration of oxidant and hydrogen ion con-
centration in the oxidation of D-fructose by vanadium(V) ions. The
kinetic data and activation parameters were compared with those for
simpler mono- and polyhydric alcohols, and a three-step mechanism
involving C-H fission yielding glucosones as primary pfoducts has
been suggested. The oxidation of diols as models for starch and
cellulose using manganese(III), cerium(IV), and vanadium(V) ions has
been studied using u.v. and e.s.r. spectroscopy. The reaction was
thought to proceed via a stable complex and showed a first order
dependence on hydrogen ion concentration. Acyl radical spin adducts
were detected as intermediates from aldehydes and diols by sbin
trapping techniques. Cis-1,2-diols were oxidized four times as fast
as cis-3,4-diols, while trans-diols and isclated primary hydroxy

groups showed negligible reactivity. It was concluded that C-1 - C-2
and C~2 -~ C-3 diols are the predominant sites on the polysaccharides
for the initiation of graft co-polymers. In the oxidation of
melibiose and cellobiose by tetramminecopper(II) in ammoniacal and
buffered media the rate of reaction is first order in disaccharide
concentration, order one half in ammonia concentration, and
independent of the concentration of copper(II). On addition of
ammonium chloride, the rate is decreased by the common ion effect.

A mechanism involving an intermediate enediclate ion with the rate
of reaction being equal to the rate of enolization was

proposed. The kinetics and mechanism of thallium(III)

oxidation of cellobiose in acid medium have been determined: the
acid-catalyzed reaction was first order in each reactant, and the
active oxidant was thallium(III) diacetate. The sugar products

were identified as D-gluconic acid and glucose.
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A stopped-flow technique has been used to study the kinetics of
oxidation of L-ascorbic acid by copper(II) at different pH values.
The reaction was first order in the carbohydrate and copper(II)
concentrations, but was retarded by increasing hydrogen ion con-
centration. The calculated Arrhenius parameters were comparable to
those found in oxidations of ascorbic acid by other metal ions.
Similar negative dependence on hydrogen ion concentration was found
for oxidation of L-ascorbic acid by hexacyanoferrate(III) in per-
chloric acid media at 18 - 26OC when hydrogen ion concentrations
were less than 0.3 mol dm - ;5 when this value was greater than
0.7 mol dm _ , the reaction became first order in this con-
centration.4 The oxidation of D-{1- 'GClglucose and D-[6- 'Cl-
glucose with oxygen in the presence of water at 10000 to yield
formic acid, acetic acid, carbon dioxide and glycolic acid has been
studied in connection with conversion of plant materials into
organic chemicals. The carbon dioxide is mainly produced from C-2
to C-5, the formic acid from C-1 and the acetic acid from C-6.
Addition of aluminium(III) chloride greatly increased the yield of
carbon dioxide. The electro-oxidation of D-glucose at platinum
is markedly catalyzed by sub-monolayers of heavy metals such as
thallium, palladium, or bismuth deposited at underpotentials; the
suggested reason is that these metals reduce electrode poisoning.so
The rates of oxidation of several sugars in DMF using RhH(PPh )
have been determined by measuring the guantity of the (E)-enone (29)
reduced. The level of oxidation of the sugar varies with structure:
at 400, D-galactose was completely oxidized within two hours,
whereas sucrose was less than 2% oxidized during 24 hours. One mol
D-glucose or 2,3,4,b-tetra-0-methyl-~D-glucose reduced only one mol of
(29) even when (29) was in excess, showing that the reaction is
anomeric oxidation: a separate experiment showed that the xX-anomer is
oxidized twice as fast as the g-anomer. Oxidation of D-glucose

and D-fructose by oxygen has also been studied in relation to the

Ph H CH,0AC CH,O0Ac
Se=c’,
o =0 0 o (30) R=H
Me { OAc ©  (31) R=0Ac
(29) AcO 0 \—
OAc R

18
cleavage of the intermediate hydroperoxides. The use of 0~
enriched oxygen showed that D-glucose decomposes via C-1 and C-2

hydroperoxides, with the latter predominating, the products from both
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sugars being D-erythronic acid.52 The kinetics of ozone oxidation of
sucrose, D-glucose, and D-fructose in 0.01 M borax buffer have been
reported. Radicals formed by persulphate oxidation of maltose

and isomaltose have been studied by e.s.r. spectroscopy, and their
degradation products determined. The radicals were produced by
proton abstraction from the reducing units, in maltose predominantly
at C-1 and C-4, and in isomaltose at C-5. Two intermediate products,
the enones (30) and (31), were analyzed by FAB m.s. and 400 MHz H-

n.m.r. spectroscopy.

5 Qther Reactions

Equimolar mixtures of D-glucose and D-fructose underwent quantitat-
ive transfer hydrogenation in the presence of platinum-carbon or
rhodium-carbon in alkaline medium at room temperature under nitrogen
to yield egual amounts of D-gluconic acid and a hexitol mixture con-
sisting of mannitol and sorbitol. Other Group VIII metals were less
efficient. The influence of several reaction variables was studied,
and it was found that the rate determining step is the dehydrogen-
ation reaction of D-glucose to form D-gluconic acid and chemisorbed
hydrogen. Subsequently the latter is rapidly consumed by co-adsorbed
D-fructose to yield mannitol and sorbitol in the ratio of 1.5-1.9:1.
The alkaline degradation products were of minor importance at temper-
atures below 2500. A stirred batch and a continuous flow column
process were devised. Acidic products from the alkaline degrad-
ation of sugars have been efficiently separated by isotachophoresis.
Formic, glycolic, glyceric, lactic, 2-hydroxybutyric, 2-hydroxy-
valeric, «- and ﬂ-glucometasaccharinic, and &-D-glucoisosaccharinic
acids were identified as products of the degradation of D-glucose by
g.l.c.-m.s. of their per-O-trimethylsilyl ethers, The kinetics

of the reaction of lysine and other amino acids and of human

serum albumin with aldoses have been studied by means of c.d.,

and it was concluded that pyrrole rings are formed. Other aspects
of the Maillard reaction are dealt with in Chapter 10.
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Glycosides and Disaccharides

1l 0-Glycosides

1.1 Synthesis of Monosaccharide Glycosides.- A monograph on the

stereo- and reglo-control of synthesis in carbochydrate chemistry has
covered several glycosidation procedures,1 while a second review
has dealt with the use of organotin derivatives in glycoside
synthesis.2

Careful methanolysis of oligosaccharides causes glycosidation at
greater rates than inter-unit cleavage and, in consequence, various
di- and tri-saccharide glycosides have been obtained (see Section
1.2).3 Applied to L-rhamnose, methanolysis gives access to the
crystalline B-furanoside (flash chromatographic separation) together

wlth the other previously reported isomers. The 1H and 13

C n.m.r.
spectra were recorded for the four glycosides and were compared
wilth those for the mannosides.

Treatment of the diethyl dithioacetal of D-fucose with mercury(II)
salts in methanol at 0° gave the B-D-furanoside in 93% yield,
whereas at 65O 20% of the a-anomer was produced. Similar pro-
portions of thls compound were also obtained foélowing anomeriza-

Acid-catalysed alcoholysis of D-fructose with 2-chloroethanol

tion of methyl tri-0-benzyl-g-D-fucofuranoside.

affords the crystalline B-pyranoside (1) in 90% yield, and an
extensive range of further derivatives have been reported. For
example, treatment of (1) with ethoxide anion gave the spiro-
product (2), and the disulphonate (3) afforded the tricyclic epoxide

0, OCH,CH,CL o 0 0 OCH,CH.CL 0
HO - HO ) 6 X
HO CH0H HO 0 CH,O0R CH,OR
OH OH

M 3 3) R= 502—5 Q)

(4) when caused to react with methoxide.6
A short synthesis of the natural cerebroside (5) involved the
use of the trichloroacetimidate method applied to either the

16
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racemic (6) (in which case the dlastereoisomeric products could be

P
HNCOC 5 Ha CHpOAC §
R1O\/"\‘/\/C'3H,7 O_OCH,CHECH, /%

OR? OAc ! — NJ\_\
(5) R'= p-D-GLc-E,R2= H AcO 2 -

1 2

6) R =H,R"= Bz HNCO~

© ) S (CHZ)IOMF' ®)
separated) or the enantiomerically pure form,7 and in studies
related to the synthesis of lipid A the allyl glycoside (7) has

been made by ring opening of the oxazoline (8).

(CH) e

A novel approach to glycoside synthesis involves the use of the
dimethylphosphinothiolate (9) with alcohols in benzene solution in
the presence of silver perchlorate (Scheme 1). Cholesterol, pro-
tected L-serine and partially protected sugars were used, and a,f-

CH,0Bn
0 . A i “
OBn 1 __L_':L__* % ) _._L.u_q) >~—~OR
BnO OH ¢O-PMe, v
OBn (9)

Reagents: i, Buli;ii, Me,P(S)CL ;uii, ROH, AgCLO,
Scheme

ratios varying from 3:1 to 9:1 were observed.9 A further novel way
of making specific a-glycosides with moderate selectivity involves
the reaction of glycosyloxytin derivatives with allylic acetates in

the presence of palladium derivatives (e.g. Scheme 2).lO

CO,Me
O OAc ) r = I
OAc — ’) —
OSnBu, “O\/\/ Ph
OAc (x:p,2:1)
Reagents: i, BuySnOMe or (BuySn),0 ; i, Pd(PPhy), , Ph™""0Ac
Scheme 2

[&

AcO

B-Glucuronides are formed with high selectivity when methyl
2,3,lU-tri-0-acetyl~D~glucuronate is treated with most alcohols in
the presence of trimethylsilyl triflate. However, with alcohols
which readily form stable carbonium lons, such as diphenylmethanol,
o-glycosides are produced almost exclusively - presumably by

alkylation of the o-form of the starting sugar‘.l1

This same glyco-
sidation reaction, but with 2,3,4,6-tetra-0-acetyl-B-D-glucose, has
been used to determine the configurations of asymmetric secondary
alcohols. Chemical shift changes, particularly those of protons at

B-positions relative to the alcoholic group, correlate wlth the con-
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figuration; the method proved applicable with steroidal and
terpenoid alcohols.12 Likewise the method has given 2-azido-2-
deoxy~-oa-D-galactopyranosyl-L-serine and -L-threonine derivatives
which have been peptide coupled to give the glycosylated penta-
peptides (10) and (11) which are the antigenic aminoterminal

portions of human glycophorin AN and AMC, r’espectively.13
HEN—Leu—Ser*—Thr*—Thr*—G1u—OH (10)
H,N-Ser-Ser*-Thr¥-Thr¥*-Glu-OH (11)

¥These amino acids carry 2-acetamido-2-deoxy-o-

D-galactopyranosyl groups.

Glycal derivatives continue to be used for the preparation of
glycosides, and the N-iodosuccinimide procedure has afforded a
route to steroidal glycosides of deoxy sugars. In some cases,
2,3-unsaturated glycosidic products were obtained by allylic re-
arrangement and these led to 2,3-dideoxy saturated products.
Several cardenolide glycosides were made in these ways and, in the
course of the same work, dideoxyhexose peracetates and the derived
glycosyl bromides were used to give analogous products.lu An
unusual, alternative use of an unsaturated compound has led to the
synthesis of 1,2~cis-related methyl hexopyranosides from a pentose

derivative (Scheme 3).15
CH>0Bn
r Ote] O OMe
CHoOBn CHp0Bn 0-71 — OBnHO
o OH oMe |5 ] BrO 20%
i P
BnO oH —— OBn / g =< CHp0Bn
BnO 4 r OMe) 0
0Bn 0% —2\1 —_— 08n
¢ e} BnO OMe
Reagents: i Ph,P(C)CHOMe ; ik, MCPBA -2 - oH
Scheme 3 35%

Glycosyl fluorides continue to attract attention as glycosylat-
ing agents. Reaction of 1,2-trans-related acetylated glycosyl
fluorides with phenols in the presence of boron trifluoride and a
hindered base gave aryl glycosides in 32-80% yield. For example,
tetra~0-acetyl-a-D-mannopyranosyl fluoride treated with 2,l4-dinitro
-phenol in benzene in the presence of the catalyst and 2,2,6,6-
tetramethyl-Ud-piperidone gave the 2,4~-dinitrophenyl a-manno-

16

pyranoside tetra-acetate in 64% yield. In related fashion,

various substituted glycosyl fluorides, treated with alcohols or
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their trimethylsilyl derivatives in the presence of boron tri-
fluoride, afforded glycosylated products. In some cases mixtures
of anomers were obtained with the ratios depending on the nature of
the alcohels; with tetra-0-pivaloyl-a-D-glucopyranosyl fluoride
B-products were obtalned exclusively, and with 2,3:5,6-di-0-iso-
propylidene-o-D-mannofuranosyl flucride only a-anomers were
formed.17 Similar observations have been made previously
(K.C. Nicolaou et al., J. Chem. Soc., Chem. Commun., 1984, 1155).
Glycosyl bromide derivatives retain their importance as

glycosylating agents; in the furanosyl series, compound (12) has
been used in the preparation of the a~ and B-anomers of 7-0-(3-
amino—3,5—dideoxy—D—ribofuranosyl)adriamycinone,18 and the
interesting and unusual boronate ester (13) gives access to B-D-

mannofuranosides.19

(6]
Me 33:%
[¢] Yo ]

CF3CONH  OAc
(12) (13)

A review has been prepared on the synthesls of glyccpyranosyl
halides and the silver imidazolate-assisted glycosylation reaction
applied to oligosaccharides.eo A specific study of the reactions
of 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bromide and the
corresponding 2-0O-benzcate with mono-, di- and tri-chloroethanol
in the presence of mercury(II) salts or silver triflate found that
more o-linked glycosides were formed with increasing halogenation
of the alcohols. A mechanism 1involving orthoester intermediates

2l The effects of crown

was proposed to account for the results.
ethers, cryptands,and supported ligands, on the reaction of aceto-
bromoglucose with alcohols in the presence of silver nitrate have
been examined. With tert-butanol, glycosides and glycosyl
nitrates were produced, and polymer-bound macrocycles increased the
proportions of glycoside formed.22
Koenigs Knorr B-D-glucopyranosylation has been carried cut to
give the glycosides (114)23 and (15),2)4 the latter being the frulting
CHy=CHCH=CH(CHp), OR Me (cuz).,(;,:cu CHyCH=CH CHCHCHROR
Me OH NHCOGH (CHp ), Me.
(14) R= B-D-Glc-p (15) OH

-inducing cerebroside of the basidiomycete Schizophyllum commune.

Galactosylation of a partially protected serine followed by peptide
synthesis gave the tripeptide derivative alanyl-(0-B-D-galacto-
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pyranosylserine)-alanine.
A wide range of aryl B-D-galactopyranosides have been produced
by a phase transfer method using tetra-0-acetyl-a-D-galactopyrano-
syl bromide with phenols.26
Koenigs Knorr glucosylation of the sodium enolate of malon-
dialdehyde gave the enal glycoside (16) which, by Wittig

CH2OAC

Me CHO o} R
° O\NO I 0 I 0 I l
OAc 1! R — >’ @ 1>I @ OH
AcO ~ - 0

(16)0Ac () (18) (19) R=é+’,4:10e};

methylenation, followed by deacetylation and hetero-Diels Alder
condensation with methacrolein in water and reacetylation, gave the

cyclohexenyl glycosides (17) and (18).26A

The advantage of using
water is i1llustrated by the observation that thg condensation
occurred at 2500 in 3.5 h in this solvent whereas the corresponding
tetra-acetate required 15 days at 60° in toluene.

R-D-Glucopyranosides have been prepared from the hydroxypyrones
(19)27 and the terpenoids(i)u—terpine0128 and (S)-B-citronellol,
(S)-cis~verbinol, 3R-1linalool, dihydromyrcenol, terpinen-li-ol,
a-ionol, (+)=-cedrol, sclareol and glg—abienol.eg

The Koenigs Knorr %éyoosylation of hydroxycardenolides has been
)

reviewed (in Russian and a specific report has been published

of the reaction applied to betulin,3l

B-D-glucuronides of allo-
tetrahydro-1ll-deoxycortisol (3- and 21—derivatives),32 and various
1l1-deoxycortisol metabolites (3—der-ivatives).33

Several references to syntheses related to glycophospholipid A
which involve the production of glyceryl oa-D-glucopyranosides and
phosphorylated derivatives are given in Chapter 7.

By use of phenyl B-D-glucoside or -galactoside as donors and the

transferases from Aspergillus oryzae which are active in aqueous

dioxane or acetonitrile, various water insoluble cardiac genins
have been glycosylated,gu and 2,2,2-trichloroethyl a- and B-D-
galactopyranosides have been prepared for use as galactosidase
35

substrates.

1.2 Synthesis of Disaccharides and Thelr Derivatives.- A review

has been published on silver imidazolate-assisted glyccsidation
20

reactions in the synthesis of disaccharides.

Methanolysis of coligosaccharides gives the corresponding

glycosides faster than 1t causes interunit cleavage.3
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Several n.m.r. techniques have been developed for use with
oligosaccharides (see Chapter 21); 1in particular they can be
applied to sequence determination and to conformational analysis.

In the area of non-reducing disaccharides various 2-deoxy,
3-deoxy and 2,3-dideoxy derivatives of a,a-trehalose have been
made by reductive desulphonylation of tosylates with lithium tri-
ethylborohydride,36 and a bis-allo-2,3-epoxlide has afforded a
route to 3-amino-~3-deoxy-a-D-mannopyranosyl 3-amino-3-deoxy-a-D-
mannopyranoside by way of a D-altrose disaccharide intermediate
which was sulphonylated at 0-3 and 3'.37

D-Galactopyranosyl D-glucopyranosides with a,B-, B,B- and B,a-
configurations and a-D-galactopyranosyl B-D-galactopyranoside have
been prepared by Koenigs Knorr procedures, and their utilization

by Bifidobacterium was examined.38

A review has appeared on the chemistry of the mycobacterial cord
factor and related natural and synthetic trehalose esters,39 and
an enzymic synthesis of trehalose from maltose (60% efficiency)
has been reported.“o

The following reducing disaccharides are categorized according
to thelr non-reducing sugars.

Tin(II) triflate has been used to catalyse the condensation
between tetra-0-acetyl-a-D-glucopyranosyl bromide and primary and
secondary alcohol groups on other monosaccharide derivatives:. The
products had the B~configuration exclusively but the yields were
modest (30-—65%).Lll In a related study the influences of catalyst,
solvent, and temperature on the reaction of 0-(tetra-0-benzyl-a-D-
glucopyranosyl)trichloroacetimidate with primary and secondary
sugar alcohols were examined. With boron trifluoride in dichloro-
methane at -18--4°C good yields (e.g. B80% for a secondary alcohol)
and anomeric ratios (a,B, ca. 1:4) were obtained.u2

Glycosylation of 2-0-benzyl-3-0-alkyl-sn-glycerols with aceto-
bromomaltose gave the f-maltosyl glycosides which are model
glyceryl ether lysog;lycolipids.“3 In related work selective 2-0-~
a-glucosylation of the 4,6-TIPS-protected compound (20) was used

to prepare the major streptococcal glycophospholipid (21) and

0
7

.0 CHp 0P —0—CHy
Priy Si OH 2

2; ¢] CHpOH 0 OR

0 2
pry5i NOH ° Vil CHeORT v

-0 0—CH, oH HO 0-CHj R=Poimitoyl
OH or! HO 0 or! R=Oleoyl

(20) CHLOR' OH (1) cHyoR'
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similar compounds.

Further examples of the use of the TIPS protecting group allow
selective substitutions at the 2,3- and 2',3'-hydroxy groups of
maltose and cellobiose, respectively, as indicated by the structures
(22) and (23) of the main mono-TIPS derivatives of the 1,6-anhydro-

0 PhTo o
0

oO

' OH OH o SifY o
P (22 (23) O~sipr

4t ,6'-0-benzylidene compounds.u5

Various long chain alkyl B-
maltosides and maltotriosides can be made via the acetobromo com-
pounds;q6 methanolysis gives methyl glycosides in preference to
products of interunit cleavage.

The influences of 0-allyl, benzyl, acetyl, trichloroacetyl and
levulinoyl substituents at 0-3, 4 or 6 on the a,B ratio in the
products of silver silicate or silver zeolite activated coupling of
2-0-benzyl-a-D-gluco- and manno-pyranosyl bromide derivatives with
the anhydrides (24) and (25) have been examined. Highest B:a-

ratios were obtained for U-0O-acylated compounds.u7
0 CH,0Ac OBn
¢}
(24> . @ @
OR
HO (25) R=Bn HO N 0Bn
H
N3 OBn (26) CH,0Bn

8-D-Glucosylation of compound (26) has led to a synthesis of
validamycin A,us and the condensation between hepta-0-acetyl-o-cello-
biosyl bromide and allyl alcohol gave the B~glycoside from which the
aldobiuronic acid glycoside (27) was obtained by chromic acid
oxidation of a specifically protected derivative. In the same
work the isomeric compound (28) was prepared following condensation
between 3,4,6-tri-0-acetyl-1,2-0-[1-(exo-cyano)ethylidenel-a-D~
glucopyranose and 5-0-acetyl-1,2-0O-isopropylidene-3-0-trityl-oa-D-
glucofuranuronate. These disaccharides of (27) and (28) are over-
lapping fragments of the linear chain of the capsular polysaccha-
ride from streptococcus pneumoniae type 3 and the allyl glycosides

were each copolymerized with acrylamide to give synthetic
antigens.

Other glucopyranosyl-based disaccharides and derivatives to
have been reported are the a-kocjibloside of methyl 9-hydroxynonan-

50

ocate, methyl 5-0-0-D-glucopyranosyl-g-D-arabinofuranoside and
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COgH CH0H CH2OH CO,H CH,0Bz CH,08B2
0 oAl O OAWL  BzO 0 qu/-o OMe
0 OBn 0]
OH OH OBz OBz
(27) (29) (29
51

related glucosylpentose derivatives made by enzymic procedures,
disaccharides produced using 2-0-acetyl-3-0-allyl-4-0-benzyl-6-0-
tert-butyldiphenylsilyl-D-glucosylchloride which is a multi-
functional glycosylating agent giving products which can be de-
blocked in several ways,52 and 3-0-methyl and 3,6-di-0-methyl-D-
glucopyranosyl disaccharides produced by use of the corresponding
methylated glycosyl halides.232%"  The 1,2- and 1,3-8-linked
glucosylgalactoses were also synthesized.55

In the area of galactose disaccharides, methyl 2,4,6-tri-0-
benzoyl B-D-galactopyranoside and the corresponding glycosyl
acetate have been made for use in the synthesis of (1 + 3)-B-D-
galactose linked oligosaccharides, and the dimeric compound (29),
from which a trimer can be synthesized, has been reported.56’57
In related work the 6- and 6'-deoxy derivatives of methyl 4-0-a-D-
galactopyranosyl-B-D-galactopyranoside have been made in connection
with studies of the binding of firmbriated E. coli to urinary

58

tract epithelium. 3-0-Methyllactose has been made by galact-

osylation of a 3-0-methyl-D-glucose derivative for the deter-
mination of intestinal lactase.59
The glycosylating disaccharide derivative (30) was of limited
value when used with the diserine compound (31). A better method
for making the disubstituted dipeptide involved condensation of

two disaccharide serine derivatives.so Two deoxy derivatives of

CH,0Ac CH,0Bn
AcO O  pno )—0 CH,OH CHL0H
! N (32) x=Cl
Ohc o Cbz0,CCHNHCOCHNHCb2
Br (33) X=F
31)
0A N (
¢ (o 7

N-acetyllactosamine have been prepared with deoxy groups at C-3 in
the glucosamine unit and at C-2 in the galactose unit (both as B-
methyl glycosides and as glycosides of methyl 9-hydroxynonanocate)
as have 4- and 2'~deoxy analogues of the analogous 1 + 3 linked
disaccharide glycosides. They were tested as acceptors of B-D-
galactosyl- and 2-acetamido-2-deoxy-f-D-glucosyl-a-L-fucosyl
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transferases.61

Moraprenyl 3-0-a- and B-D-mannopyranosyl-oa-D-galactopyranosyl
pyrophosphate, intermediates in the biosynthesis of Salmonella
O-antigenic polysaccharide serotypes 02 and 03, have been
synthesized by phosphorylation of the disaccharides followed by
reaction with moraprenylphosphoimidazole. The synthesis of the
two free dilsaccharides was also described.62 A new approach to
the synthesis of B-linked 2-acetamido-2-deoxy-D-mannosyl di-
saccharides uses 2-0-acetyl-3,4,6-tri-0-benzyl-o-D~glucopyranosyl
bromide followed by deacetylation of the products, then oxidation
and oximation.63

The disaccharides formed by a- and B-linkage of N-acetyl-
neuraminic acid to 0-6 of D-glactose have been made by use of the
glycosylating agents (32) and (33),6“ and the oa-linked analogue
involving 2-acetamido-2-deoxy-D-galactose,which occurs as a branch

point in O-glycoproteins, has been made by use of the acetylated

glycosyl chloride methyl ester. 65 An ingenious approach to the
CHzoAc
CHpO0Ac CHZOCHP@»@qu
OAc
— > OR RO ===
OR RO CHO *
AcO COgMe
(E and Z isomers)
CHZOH 'u
o— CH2
Reagents: i, NaOMe-MeOH; ii, Hg (0,CCRy), 3 ik, KCL;
iv, PhaSnH;; v, Hp - Pd/C COpMe
Scheme 4 (Rand s ;,samers)

synthesis of 3-deoxy-D-manno-2-octulosonic acid disaccharides
depends upon Wittig-like condensation between acyclic aldehydo D-
mannose derivatives and phosphonates developed at substitutent
groups at the position of linkage to the reducing enol sugar
(Scheme 4). In analogous fashion compound (34), the repeating
unit of K antigen of Neisseria meningitidis, was made using a D-
galactose derivative bearing the phosphonate-containing functional

COZH
HO CHaOH CH,0Ac
HO 0 HO (o] 0 OAc
OH o OH OAc
COgMe AcO
NHAc NHCOCHCL
()] (35)
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group at 0-3.66

Disaccharides of 2-amino-2-deoxy-D-glucose can be prepared by
use of the glycosylating agent (35) and iron(III) chloride-
catalysed condensations. With 1,2:3,4-di-0-isopropylidene-D-
galactose, 80% of the 1 -~ 6 linked product was obtained. U Tri-
deuteriomethyl 3—9—(2—acetamido-2—deoxy—B—D-glucopyranosyl)—B-D-
galactopyranoside was made using the acetylated N-phthalimido-
glycosyl bromide for n.0.e. studies, and during condensation
between the same bromide and 4-0-benzyl-1,2-0-benzylidene-B-L-
rhamnose the expected B-1 » 3-linked disaccharide was obtained as
major product, but smaller proportions of the 1,1'-linked compound
with the benzylidene acetal at the 2,3-positions were formed,showing
that, in the presence of the silver triflate catalyst, some acetal
migration had occurred.69

The glycosyl azide derivative of fully acetylated chitobiose has
been reduced to the glycosylamine and coupled to aspartic acid
linked peptides to produce the linkage regions of two naturally
occurring glycopeptides.70

Two feviews of the total synthesis and bilological activity of
lipid A analogues have appeared. These and other references to
glucosamine-based disaccharides are discussed in Chapter 7.

An a-L-rhamnopyranosyl compound has been prepared by standard

methods and tested as a substrate for an Aspergillus niger
71,72

enzyme .

In the pentose series, condensation of glycosyl fluorides with
trimethylsilyl ethers in the presence of boron trifluoride affords
a good glycosylation method. Thus tri-0-acetyl-g-D-xylopyranosyl
fluoride and methyl 2,3-0-isopropylidene-4-0-trimethylsilyl-a-L-
rhamnopyranoside gave the B-~1 + U4 linked disaccharide in 70%
yield.73 The "cyanoalkylidene method" using trityl tetrafluoro-
borate has been used to give a-1 » 5 linked D-arabinofuranose di-
& and Kochetkov's group have used the pro-
cedure with trityl perchlorate to obtain the a-1 - 2 linked L-
arabinofuranose disaccharide. Similarly, derivatives of D-
galactofuranose and D-glucofuranose can be made by this appr-oach.75
An interesting and unexpected displacement took place (Scheme 5)

0 08n 0, 08n N Y oBn N3

and tri-saccharides,

MsO > N3
HO 0- C\ca

OMs
(36)
Reagents: i, NaN3 ; i, H* ;iik, NaH- CCLCN
Scheme 5
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during the preparation of the trichloroacetimidate (36) which was
used 1n the synthesis of the triaminodisaccharide derivative

(37).76 The preparation of Ud-thioxylobiose, which was used as a
non-metabolized inducer of xylan-degrading enzymes, was based on
reaction of l-thlo-D-xylose with 1,2,3-tri-0O-benzoyl-B-L-arabino-

pyranose M—triflate.77
OH O-CHjp
AcHN Vs OSL+ 0075t pa) - patmitoyt
NHAc f\ > Sit = 3-Sitosteryl
NHAc OH O-Pal
(37) (29)

1.3 0-Glycosides Isolated from Natural Products.- Allose has been

identified as a constituent of a flavonold glycoside from
Sideritis leucantha,78
product of a marine gorgonian.79 This, 1t is claimed, is the
first finding of this sugar in a natural product. 3,4-D1-0-(2-
methylerotonoyl)-a-L-arabinose occurs in a steroidal glycoside of
Majidea fosteri,BO and sitosterol 3-[2"-0-palmitoyl-myo-inosityl
(1" + 6')]-B-D-glucopyranoside (38) and a related disaccharide
derivative have been claimed to be new anti-ulcerogenic components

and D-altrose as an aromatic glycosidic

of bananas. However structure (38) may be incorrect, since

81 Some

inositol and glucose are obtained on acidic hydrolysis.
highly deoxygenated pyranosyl moieties incorporated in antibiotics
are referred to in Chapter 19.

The insect antifeedant compound (39), present in fresh apple

leaves, has been shown to have the illustrated conformation by 130
CHyOH
HO o]
HO o
HO
H oH
I 5/H
(39)
and 1H n.m.r. n.0.e. measurements, H-1 and H-5' being in close
82
proximity.

A review has been published on the synthesils of modified digi-
talls cardiotonics by saturation of the lactone ring, polyformyl-
ation, methylation, acetylation, fluorination or by modification

of the sugars of the natural pr‘oducts.g3
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1.4 Hydrolysis and Other Reactions and Features.- The kinetics of

hydrolysis of sucrose using sulphonated polystyrene-divinylbenzene
at UO—?OOC have been investigated, and the 180 kinetic isotope
effects for the perchloric acid catalysed hydrolysis of isopropyl
and R-nitrophenyl[1—180]—a—arabinofuranoside have been reported.
The latter reacts with exocyclic C-0 bond cleavage, the former by
endocyclic cleavage. 5 Addition of dioxane can increase the rate
of the acid-catalysed hydrolysis of varilous glycosides by 5 to 10
fold.86 Application of molecular orbital theory to the proton-
ation of methyl B-D-glucopyranoside allowed an effort to determine
the site of initial protonation during acid hydrolysis of the
glycoside.87

The instability towards alkall of certaln B-D-galactopyranosides
has been detailed, and the particular sensitivity of g-D-(1 -+ 4)
linked galactopyrancsides in oligosaccharides was noted. A
study has been undertaken of the isomerization and subsequent
hydrolysis of cellobiose, maltose and lactose catalysed by various
minerals and zeolites. Results suggested that ketose formation
was an lmportant part of the processes.

Differential pulse polarography cleaves the glycosidlc bond of
daunorubicin and several derivatives as illustrated in Scheme 6,
the reaction rate depending on the orientation of the sugar to the
x—system.go’gl
o]

"/OH .
+ Daunosamine

Reagent: i, €~ (Electrochem.)

Scheme 6

A specific method for cleaving the sugar-aglycone bond of
saponins involves the use of diazomethane (Scheme 7).92

C02H coz Me coz Me
oc-L- Amp ‘J}(
O OHC
0O-B-D-Galp

Reagents: i, CHyN,~ Et,0.MeOH
Scheme T
Allyl ether protecting groups are isomerized to prop-l-enyl
ethers by trans—[Pd(NH3)2012]; the latter can then be cleaved by
heating in tert-butanol under reflux for several hours. Prop-1-
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enyl glycosides derived from allyl analogues are less readily
cleaved; 1in the presence of neighbouring hydroxy groups they
afford propylidene acetals (Scheme 8).93

CH,0H CHz0H
HO 0 HO 0
L
OH - OH
OCHoCH=CHp ¢}
OH oﬂLCHzMe

Reagent: i, trans-[Pd{NH3),Cly]
Scheme 8

The hydrogen-bond energy in crystalline sucrose has been calcu-
lated from 1.r. spectral data to be 134.4 kJ m01-1,94 and sucrose
in DMSO—d6 solution has an intramolecular hydrogen-bond network
that 1s sufficiently stable to be manifested by SIMPLE lH n.m.r.
measurements of isotope-shifted resonances of hydroxy groups in
samples in which 50% of the exchangeable protons have been replaced
by deuterons. There are two inter-residue hydrogen bonds in com-
petition: OH-1'....0-2 and 0OH-3'....0-2 and weaker networks of
bonding "nucleated" by these.95

Conslstent force field methods have been used to calculate the
energy of the conformations of methyl B-D-ribofuranoside taking
into account the orientations of the ring substituents; the
results were correlated with conformations determined by observed
1H n.m.r. coupling constants.96

The potentials of stearoyl glucoside or galactoside to form

liposome-like vesicles, and thereby to act as carriers which

encapsulate drugs, have been evaluated.97

2 S-Glycosides

The homologous series of n-hexyl to n-nonyl 1l-thio-R-D-glucopyrano-
sides have been synthesized in high yield from glucose by alkylation
of the tetra-0-acetylated 1-thiol, and found to have potential as
detergents 1n bilological systems, e.g. for the solubilization of
membrane proteins.98

The use of thiloglycosides as precursors of glycosyl halides used
in oligosaccharide synthesis is noted in Chapter 4.

The use of S-phenyl-l-thioglycosides to prepare glycosyl fluo-
rides and hence complex glycosidic products has been further
developed.gg’100 A similar type of phenyl thioglycoside of 2-
decxysugars on oxidation to the sulphones offers access to 1-

lithiated products from which C-glycosides can be derived.
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Ingenious control has allowed specific synthesis of a-~ and B-
products (Scheme 9101 and Scheme 10102). The third paper in the
series'?3 describved a further route to a-linked C-glycosides (c.f.

CHpOR CH,0R
0 . " . I\ " 0
OR Y~SPh  —s ‘>‘“502Ph LI 1) LI OR o
< .
RO Sl RO CHpp
R= SiButMe,
Raagost 1L, MCPBA ; ii, Li haphthalenide ; i, PhCHO
Scheme 9
CH50R
Ha o o < pn
0 . AL i e ~CHPR <GH
OR  1r~50,Ph —— 1>‘ Ly v - >l s y
CS0,Ph “50,Ph Lo L4

RO
R= StBu'Me,

Reagents: i, LDA ;ii, PhCHO; i, Li naphthalenide ;tv, H*
Scheme 10

Vol.18, p.30, 32).
Pyridyl 1-thioglycosides also afford routes to C-glycosldes
(Scheme 11; c¢.f. R.M. Williams and A.0. Stewart, Tetrahedron

Lett., 1983, 24, 2715).%0"
CH,0Bn m
0.s N .. rAr Id

2
R R’
n ' i i
o+ o 0Bn ! — ) + )
- e BrnO 4 v Ar
R? 4 OBn
2 ..

Reagents: i, Ri__/R ;4 , AgOTF - ArH

9 RS

Scheme 11

3 C-Glycosides

3.1 Pyranoid Compounds.- A review on the formation of C-C bonds by
radical reactions involving organotin or organomercury compounds

includes instances of the synthesis of C-glycosides by this
105

approach.

Reaction of tetra-0-acetyl-a-D-gluccopyranosyl bromide106 or
chloridelo7 with aryl or alkylmagnesium bromides affords the
corresponding B-C-glycosides in 85-90% yield, and corresponding
benzylated or methylated glycosyl bromides with sodium penta-
carbonylmanganate afford glycosyl manganese compounds which can be
converted into C-glycosidic products (Scheme 12).108 Glycosyl
fluorides, e.g. (40), (41),react with trialkyl- or dialkylalkenyl-
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CH,0Me R
In
o] : ~Mn(cO)g . ~ CMn (CO)s w ~CO2Me
e ) e Vs YT e
MeO Br = b -
OMe 75%
CH,08n
0 : AMn(CO)s 4 COCHCH,CO,Me
Br s >f N
™ -
Oen OBn

Reagents: i, Ma(CO)Na.; ik ,CO 5 iii, MeOH-NaaCOy W, CHa=CHCOoMe - hv

Scheme 12

or dialkylalkynyl-aluminiums to give alkyl or unsaturated C-

glycosides, as indicated in Scheme 13.109

The reaction with tri-
ethylaluminium was also used to introduce an ethyl group at C-6 of
1,6-anhydrotribenzyl-D-glucose via the 6-fluoro derivative.

2
'R ag Yewy CHp08n

o R
2
><0 o B £ 20 7: oF
I Bu R® 20 7 L,
O><O o F ? 4 oBn > 2
JR2 Bt R* 20 85 BnO “R
(a0 But H 7 OBn  R'=Bu! R~ R®
o )2 3 - 4 s ) o:B=2-6 Yield-985%
Reagent : i, R, ALR R”= ~CH=CHCgHi3 R7=-C=CC¢H|5

Scheme 13

Penta-0-acetyl-B-D-glucopyranose with allyltrimethylsilane and
boron trifluoride gave the corresponding a-C-allyl glycoside in 81%
yield and high selectivity when the reaction was carried out in
acetonitrile; 1in 1,2-dichlorocethane, however, the a- and B-anomers
. 110
were produced in equal proportions.

Ring closures of appropriate hydroxyalkenes also provide access

CH0Bn CH0Bn CH,0Bn
o OH ) 0 R
L i B
a- oBn OH ——> oBn  ,=CHy —— OBn 1 — >
Bn0 BnO BnQ CHpSePh “ Me
0Bn OBn 0Bn
CHyX CH,X CHoX )
V-V
[o] o
° iv " soap ° o
b. OMe OH ——» OMe /= — (ome CHpS02Ph
v\) - anomer
OMe OMe
X =ct,eN Ofe 0 ®
Reagents: i, PhaP=Chg i, N8eph | ik, Buz8nH ;i (E£0), PO)EHS0,Ph No.; v, Buti (<T8°c); vi, H*; vis, Na#
Q

Scheme 14
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to C-glycosides (Scheme IUalllzym 1Ub112).

The radical addition reactions illustrated in Scheme 15 give
access to C-glycosides of ketoses from the corresponding tertiary

nitro-compounds. 113
CHgOBn
X e
0 0 NO2 b/v[z'c‘*?C“ZCN] O\ cHp0Ac .« CHz0AC
<o oen 1 == %
N ¢ CCHaCHEN
CHpCHACN r><CH2CHEC” BnO Q2 2CHz
1
NATTRSTRAY 0Bn

Reagents: i, BugSnH - CHpECHCN
Scheme 15

Glycosyl lithium compounds (c.f. Schemes 9 and 10) can also be
prepared from benzylated glycal derivatives and hence converted
selectively into a- and B-C-glycosides (Scheme 16).11u Reaction

CHp0Bn : SnBus "1>LL w r1>,CH (OHR
; LN LN
° i e =7 < < J
08n /‘ - 2’ § . )
BnO A (Fol ~ue g ) > v 1>
SnBugy JL LCH(OH)R

Reagenks: i HCL,; i, BusSnli i, Buli;iv, RCHO; v, Linaphthalenide ;vi, BugSnct
Scheme 16
of the allylic trifluoroacetate (42) with diethyl malonate anion in
the presence of palladium dibenzylideneacetone bis(diphenyl-
phosphino)ethane gave the unsaturated C-glycoside (43) in 56% yield
and, similarly, the analogue (U44) could be produced (Scheme 17).115
The reaction did not proceed with tri-0O-acetyl-D-glucal.

(0] 0

CH(C02M6)2 ~
R OTfo. " . !

2

? (a3) (42) (a4)
Reagents: i, KCH(COgMe), ; ié , (PhCH=CH),CO.Pdl. Phy PCH, CH, PPhy | il °'§>'°
Scheme 17

Reference to the use of the dlene (45) in the synthesis of part
of the complex marine toxin brevetoxin B is made in Chapter 2U4.

Compounds (146)1:L6 and (117)117 have been made following hetero-Diels
CH,OH Ph
(o} O Me
OH
HO\ e/ CH, CH=CH,
OH

(43 (46)
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Alder procedures applied with oxygenated dienes to benzaldehyde
and the appropriate heptodialdose derivative, respectively.

3.2 Furanoid Compounds.- Several such compounds have been reported

in conjunction with pyranoid analogues which were noted above (see,
e.g., Schemes 12, 13 and 15).

Radicals generated thermally with photochemical AIBN initiation
from sugars containing halogen, phenylthio, phenylseleno, thiono-
carbonate, or xanthate substituents can react with allyl- or
methallyl-tributylstannane, leading to extended chain compounds,
branched chain compounds and allyl C-glycosides (e.g. Schemels).l1

<
Q 0 c R=H, 9%

SPh
i
<0 — R R=Me, 72%
J CH2C=CH2
Reagents : i, CHa=C(R)CHySnBug - hv
Scheme 18

With tin(IV) chloride, benzylated glycofuranosyl acetates give
anomeric carbonium ions which cause Friedel Crafts alkylation of 0-2
benzyl substituents. Scheme 19 illustrates the reaction in the D-
ribose seriles; the corresponding L-arablnose-based product was pro-
duced in 60% yield.'!?

CHy08n CHy0Bn
0 OAc . 0

JELEEN

08n OBn 0Bn O
Reagent: i, SnCly 46% (isolated)
Scheme 19

As in the pyranoid series (Scheme 14), furanoid C-glycosides can
be made by ring closure procedures. Compounds (HB),120 (139),121
(50)122 have been made from alkenes derived from the corresponding

CHy0BN CH,0Bn CH,08n

o 0 O CHgbr
CHICO,Et BnO
CHoX
o} (o] 0. (o] OBn
> > 1B

(49) (49 X;h ée,r!-’i_qOAc (59
furanoses by treatment with Wittig reagents. In the first of these
the Z-alkene gave a B-product with specific stereochemistry at the
iodine-carrying atom whereas the E-isomer afforded a specific a-
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product. An interesting preferential pyranoid-forming reaction,
however, occurred with the E-alkene (51) (Scheme 20) (120
CHa0Bn CHy0Bn 1
oH 0_ % -CH,0H
[ I
= —Le 1 + 3\
CHz08 ; CH,0H
o (0] o) (]
> > a6% 24%
CH,0Bn CHo0Bn
OH CHOH 0O, CH,0H

0 0 I 61%

+ol

° (s

Reagents: i, 1,- NaHCOg4
Scheme 20

The Wittig reaction~derived (52) and (53) have been configura-
tionally characterized by 1H n.m.r. methods.123 Lactonization of

CH,OBn
1 2
o r! R R
Bn0 (52) H CH=CHCO,EL
R®  (53) CH:CHCOsEt W
OBn

the ester (54) was effected by way of the methyl selenoester (55)
(Schem% 21).1224 .

CHoOH ¢}
. O._ CHpCOnEE (HaCOseMe 0
’ 1 — v i °
- J ]
0 (59)
o><o

0 (54
> 9
Reagents: i, Me,AlSeMe ;ii, CuCl
Scheme 21t
1-Deoxyalditol-1-yl pyrazoles and C-glycofuranosyl pyrazoles
have been prepared from sugar aldehydes (Scheme 22).12‘5 2,3-0~Iso~
propylidene-5-0-trityl-D-ribofuranose has similarly been converted

H )
. ~ /N OAc
RCHO ——> RCH=CHCO,Et —— N y COEt  R= AcQ
\ OAc
R CHa0Ac ~ OBz OBz

Reagents: i, PhyP = CHCOLEL ;il, CHN, 3 i, Bry
Scheme 22

into the anomeric pyrazofurins (56),]‘26 and the glycofuranosyl-

pyrroles (57) and (58) have been made by dehydration of correspond-
ing 4(D-arabino- and D-xylo-tetrosyl)pyrrole derivatives.127
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CH,0H 0
o] o NMe HO
/N\NH / 4 NMe
— c/:: Me M po,c
OpEt 3
On ©OH HO  CONH, oH  OH 2 2 Me
(s6) (57) (s8)

3.3 C-Glycosides Isolated from Natural Sources.- 14 ana 13C n.m.r.
analyses of carminic acid have confirmed the structure (59),128
CH2OHO o] 0 Me
HO CO,H

HO
OH HO OH

and 2,6-dideoxy-D-arabino-hexose has been found C~linked to a
quinonold tetracycle as part of new antitumour compounds (see
Chapter 19).

The syntheses of 6-C-B-D-galactopyranosyl, 6-~C-B-D-xylopyranosyl
and 6-C-p-D-arabinopyranosyl quercitin have been effected by use of
the corresponding glycosyl halides and in the presence of lithium

methoxide. Yields were only in the region of 3%.129
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Oligosaccharides

1l General

As before, this Chapter deals with specific tri- and higher oligo-
saccharides; most references relate to thelr syntheses by specific
chemical methods. It does not deal with compounds made by the
oligomerization of monosaccharide derivatives, nor does it deal
with the cyclodextrins (although this year, for the first time,
mention is made of the chemical synthesis of such compounds). The
synthesis of, e.g., pentasaccharides 1s dealt with under that
heading, and the required preparations cof constituent parts are
assumed and are not covered in theilr respective sections. Fre-
quently, specific derivatives of the basic compounds are involved
and this fact 1s often not recorded in the structural formulae used.
The syntheses, by newer procedures, of the complex glycan chalns
of glycoproteins and protoglycans present on cell surfaces have
been 1llustrated in a published lecture.1 Ogawa and colleagues,
during their work on cell-surface glycans, have also used oligo-
saccharide trichloroacetamidates for production of corresponding
gangliosides.2
A particular sensitivity to alkali of 1 + 4 linked B-D-galacto-
pyranosyl units in oligosaccharides has been no‘ced.3
Conformational calculations have been made on the determinant

tri- and tetra-saccharides with Lea, Leb

and H group immuno-
speciflcity, and were predicted to be structurally rigid in
aqueous solution.

The chemical shifts and JC JH coupling constants in 3-deoxy-D-
manno-octulosonic acid (KDO)- conta1n1ng oligosaccharides can be

used to determine the positions of substitution of the acid unlts.5

2 Trisaccharides

2.1 Linear (and Cyeclic) Homotrisaccharides.- The trisaccharide 0-B8-
D-Glcp(l + 4)-0-B-D-Glep(l »+ 3)-0-B-D-Glcp was prepared as its N-

38
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methylazoxymethylglycoside, and several analogous disaccharide
glycosides were obtained by use of transglycosylation enzymes,6 and
an enzymic synthesis of cellotriose from D-glucose and cellobiose
has utilized a B-glucosidase covalently immobllized on polyacryl-
amide beads.7 A series of B-(1 -+ 4) linked oligosaccharide deriva-
tives have also been made by successive condensations between
acetylated oligosaccharide glycosyl fluorides and phenyl 2,3-di-0-
acetyl-6-0-benzyl-l-thio-B-D-glucopyranoside. The condensation
products were then converted into the next highest glycosyl-
fluorides and the process was repeated. In this way the tri- to
penta-saccharides were produced as their 1-(propane-1,2-diol)-
glycosides, which are the naturally occurring rhynchospdrosides.8
2-0-Acetyl-3,4,6-tri-0-benzyl-D-glucose used together with p-
nitrobenzenesulphonyl chloride, silver triflucromethanesulphonate
and triethylamine were the key reagents in the preparation of
0-8-D-Glep-(1 + 2)-0-B-D-Glep-(1 » 6)—D—G1c,9 and the interesting
cyclic compounds cyclogentiotriose and cyclogentlotetraose (1) have
been prepared as crown ethers with the potential of coordinating

Group IA and IIA cations.lo
CHa0Bn BzOCH, py, CN
(o) 0 0
OBn . NH 0
BnO o-c’
CCly
OBz
(1) n=34 (2) (3)

The trichloroacetimidate (2) has been used in the synthesis of
the repeating unit of the capsular polysaccharide cof Nelsseria
meningitidis [0-B-D-GleNAe-(1 + 3)-0-B-D-GlcNAc-(1 » 3)-0-B-D-
GleNael. !
has been prepared by a stepwise procedure,12 and two groups of

The B-(1 » 3)-linked D-galactopyranose trisaccharide

workers have reported preparations of the B-(1 - 6)-linked analogue

13,14

in the form of various derivatives; a set of papers has

appeared on analogues having fluorine atoms in place of the C-3
hydroxy groups of different galactose units of this trimer.ls—l7
Condensation of the cyanoalkylidene compound (3) with 5-0-
trityl compounds was used in the key step of the synthesls of the

a-(1 =+ 5)-linked D-arabinofuranose trimer.

2.2 Branched Homotrisaccharides.- 0-a-D-Manp-(1 + 3)-0-[a-D-Manp

(1 » 6)]-0-p-D-Manp was made as its p-trifluoroacetamidophenyl
glycoside by use of p-nitrophenyl 2-0-benzoyl-4,6-0-benzylidene-8
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D-mannopyranoside as the starting mater'ial.l9

2.3 Linear Heterotrisaccharides.- The non-reducing a-D-galacto-

pyranosyl 0-8-D-fructofuranosyl-(2 + 6)-B-D-fructofuranoside has
been made by an enzymic procedure.

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

0-a-L-Araf-(1 + 6)-0-a-D-Glcp-(1 + 4)-D-Glc has been prepared in
connection with studies of an anti-tumour plant polysaccharide,21
and 0-a-D-Galp-(1 + 4)-0-B-D-Galp-(1 » 4)-D-Glc, the human pk

antigenic determinant, was synthesized.22

Regioselective
glycosylations at the unsubstituted 3' and 4' positions of benzyl
penta-0-benzyl-B-D-lactoside, induced respectively by silver
triflate and silver silicate, have been used to prepare derivatives
of g—B—D-GlcNHzg-(l + 3)-0-B-D-Galp-(1 » 4)-D-Glc and 0-B-D-
GleNH,p-(1 » 4)-0-B-D-Galp-(1 » 4)-D-G1lc.?3 A further synthesis
of the first of these as its methyl glycoside has also been
described,2u as has the analogue of the second with N-acetyl-

galactosamine replacing the glucosamine moiety.25

The synthesis
of sialosyllactose, O-a-NeuAcp-(2 » 3)-0-B-D-Galp-(1 + 4)-D-Glc,
and the B-linked neuraminic acid isomer have been prepared2 and
the former was converted into GM3 ganglioside by way of the
trichlo‘roacetimidate.27

Compounds having reducing D-mannose units have been synthesized
as follows: 0-B-D-GlcNAcp-(1 » 2)-0-a-D-Manp-(1 + 3)-D-Man (the
trisaccharide component of a bivalve spermatoza),28 0-a~L-Fucp-
(1 » 3)-0-8-D-GlcNAcp-(1 + 2)-D-Man®’ and 0-B-D-Galp-(1 » 4)-0-B-D-
GleNAcp-(1 - 2)—D-Man30 (both being glycoprotein trisaccharides).

An interesting approach to the preparation of a variety of
trisaccharides involves the use of the lactose-derived compound
(4), and with it the following D-galactose reducing trisaccharides
were made: 0-B8-D-Galp-(1 + 4)-0-B-D-Manp-(1l + 6)-D-Gal, 0-B-D-
Galp-(1 » 4)-0-B-D-ManNAcp-(1l + 6)-D-Gal and 0-B~D-Galp-(1l + 4)-0-
@-D-GleNAcp-(1 + 6)-D-Gal.5t

Related syntheses using maltose-

CHy0Bz CH,0Bz
Bz0 0 o
0Bz 0Bz
o Br
OBz [o]
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and cellobiose-derived analogues of compound (4) have also been
reported.32 Independent work described the preparation of 0-g-D-
Galp-(1 » 4)-0-B-D-GleNAcp-(1 » 3)-D-Gal. 3

Compounds reported with 2-amino-2-deoxy-D-glucose at the reduc-
ing termini are: 0-a-D-Galp-(1 + 3)-0-8-D-Galp-(1 + 4)-D-GlcNAc
(made as a glycoside with a spacer arm required for immunological
studies), " 0-a- and B-D-Neuhcp-(2 + 6)-0-g-D-Galp-(1 + 4)-D-
GleNPhth, 32235 0-g-D-Manp-(1 » 4)-0--D-GleNH,-(1 » 6)-D-GlcNH,
(prepared as a long-chain fatty acid diamide for studies of Lipid
1),37 0-a-D-GleNH,p-(1 > 4)-0-B-D-GleAp-(1 » 4)-GlcNH, (made as a
sulphate derivative for studies of heparin).3 Compounds obtained
by nitrous acid deaminative cleavage of partially N-acetylated
chitosan followed by acetylation included the 2,5-anhydro-D-mannose
-containing dimer (5, n = 0). Higher members of this series
(5; n=1, 2, 3) were also isolated.>?

Trisaccharides with 2-amino-2-deoxy-D-mannose and -galactose
termini to have been synthesized are: 0-a-D-Glep-(1 » 3)-0-a-L-
Rhap(1l »+ 3)-B-D-ManNAcp (the repeating unit of the O-specific
chain of Aeromonas ILipopolysaccharides),LIO 0-p-D-Galp-(1 + 3)-0-R-
D-Galp-(1 - 3)—GalNAcu1 and 0-B-D-Galp-{1 »+ 4)-0-B-D-GleNAcp-(1 > 3)
-GalNAc.u2 Some of these were prepared as 8-methoxycarbonyl-
octyl glycosides for immunological studies.

Pentose-based trisaccharides to have been reported are 0-o-L-
Araf-(1 > 3)-0-8-D-Xylp-(1 » 4)-D-Xy1 (synthesis 3
isolation as a 5-(hydroxymethoxy)cinnamate ester from a plant

source),uu and 0-a-D-KDO-(2 + 2)-0-B-D-Ribf-(1 » 2)-D-Rib (the
= 45

and its

repeating unit of an E.coli capsular polysacéharide).
Deoxysugar-containing compounds to have been synthesized are

0-0.-D-Glep-(1 + 3)-0-a-L-Rhap-(1 + 2)-L-Rha (Shigella poly-

saccharide component) and compound (6), which is a derivative

of the "lower" oligosaccharide chain of aureolic acids.uY

®©

2.4 Branched Heterotrisaccharides.- Compounds of this category to
have been synthesized are: 0-a-D-Glep-(1 + 4)-0-[a-L-Araf-(1 + 6)]
-0-8-D-Glep-OMe, 2! 0-g-D-GlcNAcp-(1 + 4)-0-[a-L-Fucp-(1 + 6)1-0-B-
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D—G:I.cNAc—OlVle,u8 0-B-D-Galp-(1 + 3)-0-[B-D-GlcAp-(1 + 4)]-0-a-L-

RhaR—OMe,u9 0-8-D-GlcNAcp-(1 » 2)-0-[a-D-Glep-(1 + 3)]-0-a~L-Rhap-
OMe,?® and 0-B-D-Ribf-(1 + 2)=0-[a=D-KDO~(2 » 3)1-D-Rib. >

3 Tetrasaccharides

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

3.1 Linear and Cyclic Tetrasaccharides.- Cyclogentiotetraose (the

cyclic B-1+6 linked D-glucose compound) behaves like a crown ether
and forms 1:1 complexes with Group I metal ions.51

D-Hexose termination compounds to have been reported, often as
derivatives, are: 0-B-D-GalNH,p-(1 + 3)-0-a-D-Galp-(1 » 4)-0-B-D-
Galp-(1 + 4)-D-Glc,”? 0-B-D-Galp-(1 + 3)-0-B-D-GalNAcp-(1 =+ 4)-0-B-
D-Galp-(1 + M)—D—Glc,25 0-B-D-Apif-(1 » 2)-0-B-D-Glep-(1 + 2)-0-a-
L-Arap-(1 » 6)—D-G1c,53 and 0-o- and 0-B-D-NeuAcp-(2 + 6)-0-B-D-
Galp-(1 + U4)~0-B=-D-GlcNAcp-(1 + 2)-D-Man. 37230

2-Amino-2-deoxyhexose compounds to have been noted are: 0O-a-D-
KDO-(2 + 4)-0-0-D-KDO-(2 > 6)-0-B-D-GleNH,p-(1 > 6)-D-GlcNH,
(oligosaccharide portion of a lipopolysaccharide characterized),Su
N-acetylchltotetraose and higher oligomers, which have been shown
to enhance host-mediated microbiocidal effects in mice,55 and the
repeating tetrasaccharide of hyaluronic acid with a 2-acetamldo-2-
deoxy-D-glucose reducing unit, which, on degradation with alkali,
gave the expected trisaccharide as well as 0-B-D-GleAp-(1 » 3)-0-B-
D-GlcNAcp-(1 + 3)-D-arabino-trihydroxyglutaric acid.5 The
mannosamine-containing tetramer 0-a-D-Glep-(1 + 4)-0-u-D-Glep-
(1 » 3)-0-oa-L-Rhap-(1 - 3)-0-B-D-ManNAcp-0(CH,) gCO,Me has also been
reported.

Interest has been shown in the L-rhamnose derivative 0-B-D-
GleNH,p-(1 » 2)-0-a-L-Rhap-(1 + 2)-0-a-L-Rhap-(1 + 3)-L-Rna.>'>>®

3.2 Branched Tetrasaccharides.- The following branched compounds or

derivatives thereof have been reported: 0-g-L-Fuecp-(1 + 2)-0-8-D-
Galp-(1 + 4)-0-[o-L-Fucp-(1 - 3)1-D-Clc,”? 0-g-D-CGalp-(1 + 4)-0-B-
D-GleNAcp-(1 + 6)-0-[8-D-GleNAcp-(1 ~ 3)}-D—Ga1NAc,u2 0-a-D-Glep-
(1 » 3)-a-L-Rhap-(1 + 2)-0-[a~D-Glep-(1 ~ 3)]-97a—RhaB—OMe,6O and
0-B-D-G1leNAp-(1 + 2)-0-[a-D-Glep-(1 + 3)]-a~L-Rhap-(l + 2)-0-a-L-
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Rhap-OMe . 1©

4 Pentasaccharides

Syntheses of the following linear members of this category have
been reported; the first 1s an N-glycoprotein component and was
examined conformationally by theoretical HSEA and sophisticated
n.m.r. methods: 0-B-D-Galp-(1 + 4)-0-R-D-GlcNAcp-(1 + 2)-0-a-D-
Manp-(1 + 6)-0-B-D-Manp-(1 - U)—D—GlcNAc,30 the isomer with a 1 » 3
linkage instead of the 1 - 6 bond,3° 0-a-D-Manp-(1 + 3)-0-a-D-Manp-
(1 + 2)-0-a-D-Manp-(1 + 2)-0-a-D-Manp-(1 » 2)-D-Man,®?
(7), which corresponds to the antithrombin binding region of heparin.
CHyOAc COzMe CH,0Ac CH,0Ac

0 Q ¢} 0 oBn
COM
0Bn OBn OAc otn - 0Bn
Bno 0 0 0 0
N3 OBn Ny OAc N3
@)

The acetyl groups indicate positions of sulphate esters in the

and compound

natural material, the benzyl groups indicate hydroxy groups, and
the azido groups are all precursors of amino functions.
Branched-chain compounds to have been prepared are: (0-8-D-
GleNAcp-(1 + 2)-0-o-D-Manp-(1 + 3)-0-[a-D-Manp-(1 + 6)]-0-8-D-Manp-
(1 + 4)-D-GleNAc,®3 0-B-D-GleNAcp-(1 + 2)-0-a-D-Manp-(1 » 6)-0-[a-
D-Manp-(1 + 3)1-0-B-D-Manp—(1 » 4)-D-GleNAc,®3 0-a-D-Manp-(1 » 3)-0-
[B-D-GleNAcp-(1 + 4)]-0-[a-D-Manp-(1 + 6)1-0-8-D-Manp-(1 + 4)-
a1eNAc®! ana 0-B-D-GleNAcp-(1 » 2)-0-fa-D-Glep-(1 + 3)1-0-a-L-Rhap-
(1 + 2)-0-[a-D-Glep-(1 » 3)]-0-a-L-Rhap-OMe .5

5 Hexasaccharides

Two impressive reports from T. Ogawa's group describe the rational
synthesis of a-cyclodextrin, i.e. the cyclic a-(1 + 4) linked D-
glucose hexamer. B-Glycosyl fluoride derivatives in the presence
of tin(II) chloride and silver triflate were employed for the
glycoside bond ﬂxmations.66 The same group has described the
preparation of the a-(1 + 3) linked D-mannopyranose oligomers up to
the hexasaccharide, which are models for the fruit body poly-
saccharides of Tremella fuciformis.68

The further, branched D-hexose-based hexasaccharides (8),69
(9; R = B-D—GlcNAcp_)70 and (10; R = H)71 have been prepared.
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o-D-Manp-(1 » 2)-a-D-Manp-(1l + 6)-o-D-Manp-(1 + 6)-a-D-Manp~OPr

3
+
1
a-D-Manp-(1 + 2)-a-D-Manp (8)
R-(1 + 2)-o-D-Manp
1
¥
6
B-D-GleNAcp-(1 + 4)-D-Man
3
+
1
R-(1+ 2)~-0-D-Manp (9)
R
1
¥
3
B-D-Galp-(1l + 4)-B-D-GlcNAcp-(1 + 6)-B-D-Galp-(1 + 4)-D-Glec
3
*
1
B-D-Galp-(1 -+ 3)-8-D-GlcNAcp
3
+
1
R (10)

6 Higher Saccharides

The hexaglucosylhexitol (11) is a plant regulatory substance - the
first specific complex carbohydrate to be 1dentified as such.72
The heptasaccharide {12),29 a glycoprotein component, has been
prepared, and the octasaccharide (13)30 was conformationally
characterized. Octasaccharides (9; R = Bg-D-Galp-(1 » 4)-B-D-
GlcNAcR)70 and (103 R = a—L—Fucp_)71 have also been synthesized, as
has the nonasaccharide (1“).73
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(q1T) duep~-q-o- (2 « 1)-doyNoTDH-Q-9- (h « T v|mﬁ,m0|Dlm
T £
4
T
dong~1-0
dong-1-0

T

¥

9 €

uBN~-d-(€ <« T)-dueN-g-o-(2 <« 1)-doyNOTH-a-9-(4 « T1)-dren-a-¢

(€T) duey-q-»-(2 « T)-doYNOTH~-A-9-(h <« T)-TeH-d-9¢

T
+
€

SYNOTH-A-(f « T)-dUBH-A~9-(9 <« T)-dueN-g-®-(2 « T)-doyNOTH-d-9-(f <« T)-dIBH-a-9

(21) duey-q-o-(z + I)-doyNoTH-a-9-(£ « T)-dong-T-»
T
+
9
uep~d- (£ + T)-duep-q-»-(2 « T)-doyNoT1H-Q-9-(E « T)-dong-1-n
(11) do1p-a-9 doto-a-¢
T T
+ +
£ €

1031oNnT8-0-(9 « T1)-doTH~a-9-(9 « T)-30T1H-d-8-(9 « T)-doTH-d-9-(9 « T)-doTH-a-¢
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5

Ethers and Anhydro-sugars

1 Ethers

Methyl Ethers.- Elloramycin,a new anthracycline antibiotic from

Streptomyces olivaceus,is a glycoside of 2,3,4-tri-0-methyl-L-
1

rhamnopyranoside.

A new modification of the Hakamori permethylation procedure uses
n-butyllithium to generate the sulphinyl carbanion from dimethyl-
sulphoxide. It has been applied to methyl a-D-mannopyranoside,
oligosaccharides, and polysaccharides, and is preferred to pro-
cedures using metal hydrides or amides because it is rapid, con-
venient, and results in fewer byproducts (especially important in
the g.c. analysis of polysaccharide constituents via partially
methylated alditol acetate derivatives).z’3

A review on the regioselective manipulation of hydroxy groups
via organotin derivatives has covered regioselective alkylation,
including methylation.u Regioselective monoalkylation (including
methylation) of several pento- and hexo-pyranosides using the
dibutyltin oxide method is covered in the next sectilon.

2-0-Methyl-L-lyxose, a constituent of everninomycin, has been
synthesized from D-galactose using standard protecting group
methodology; CU-C5 periodate cleavage of 2,3-di-0O-benzyl-4-0-
5 3~ and 4-0-
Methyl-a-D-galactopyranose tetraacetates have been synthesized con-

methyl-D-galactitol generated the desired pentose.

ventionally from 1,6-anhydro-g-D-galactose. Syntheses of the
3-0-methyl and 3-0-benzyl ethers of methyl U4-deoxy-B-D-arabino-
hexopyranoside from levoglucosan via its L4-deoxy-4-iodo-2-0-tosyl
derivative have been reported.7 A practical synthesis of 6—9-
methyl-D-glucose from 1,2-0O-1sopropylidene-D-glucofuranose without
isclation of intermediates has been detailed.8 New syntheses of
3-0-methyl-lactose, required as a substrate for a study of hydro-
lysis by intestinal lactase, have utillzed partial benzylation of

benzyl 3',4'-0-isopropylidene-B-lactoside and benzyl B-lactoside.9

48
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Other Alkyl and Aryl Ethers.- Regloselective alkylation via
organotin derivatives has been reviewed. The regioselective mono-

alkylation (benzylation, allylation, methylation, and methoxymethyl-
ation) of nine pento- and hexo-pyranosides using the dibutyltin
oxide method (i, Bu2SnO-MeOH; 11, alkylating agent, e.g. BnBr,
-dioxan, reflux) has been effected without the need for protection
of hydroxy groups. Equatorial hydroxy groups with an adjacent cis-
oxygen function (OH or OMe) were selectively activated, even in the
presence of a primary hydroxy group. Thus phenyl a-L-arabino-
pyranoside and methyl a- and B-D-galactopyranosides gave the
corresponding 3-0-benzyl or -methoxymethyl ethers exclusively, while
methyl B-L-arabinopyranoside gave in 92% yield a 85:15 mixture of
the 3- and 4-0-benzyl ethers. Methyl a-D-mannopyranoside gave
mainly 3-0-alkylated products, and methyl B-D-xylopyranoside gave
the L4-0O-benzyl ether exclusively. Other glycosides (Me a-D-xyl,

Me o= and B-D-Glc) and other alkylating agents gave more complex
mixtures, which nevertheless contained predominantly the products

13,

of monoalkylation. Products were identified by -n.m.,r.

spectroscopy data on some forty-nine mono- and seven di-alkylated
glycosides being reported.lo

Allyl and benzyl trichloroacetimidates have been shown to be
useful allylating and benzylating agents under mild acidic con-
ditions compatible with benzoyl protecting groups. Using these

reagents, the 2,4-di-0-allyl-D-galactoside (1) was obtained in 54%
11

yield and the 3-0-benzyl-L-rhamnoside (2) in 71% yield. Dimolar
CH,0Bz
AWLO O OMe BzO O _OMe
OBz Me
OALL 0OBn 0Bz

) 2
allylation (allyl bromide -NaH-DMF) of LE;Lcorbic acid yielded the
2,3-diether as the major product in 63% yield. Allylation of
5,é—g—isopropylidene-L—ascorbic acid has also been investigated.12
The perdeuterioallyl group has been shown to be useful for
simplifying n.m.r. spectra of allyl-protected carbohydrates. The
synthesis of perdeuteriocallyl bromide from propynoic acid and the
preparation and spectra of benzyl 3-0-allyle2, 6-dideoxy-a-L-ribo-
hexopyranoside and its perdeuterioallyl analogue was described. ed. 13
Allyl ether protecting groups can be isomerized by trans-
[Pd(NH )5C1,1 to prop-l-enyl ethers, which can then be cleaved on

heating the reaction solution (in Bu OH) under reflux for several
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hours.lu The relative stabilities of allyl ether, allyloxy-

carbonyl, and prop-2-enylidene acetal protecting groups to iridium,
rhodium, and palladium catalysts have been examined. Conditions
for selective cleavage of allyloxycarbonyl groups [with Pd(PPh3)u
or Wilkinson's catalyst] and selective isomerization of allyl ethers
to prop-l-enyl ethers [with Ir(COD)(PMePhE)z.PF6] were found.
Palladium derivatives have been used to effect allylation of tin
alkoxides. Thus the 2,3-0-stannylidene derivative (3) gave a
mixture of the 2- and 3-ethers (4) and (5) in 47 and 34% yleld,
respectively (Scheme l).16

0
o .
PR o —L > LOH L 4+ RO0R N R=,~Fp
2 2
0 \ oMe \i——w/ \}——1/
0

OR OH

Bu, 5

) @ ©)
Reagents: i, Ph™~x~"0ac — Pa(PPhs),

Scheme 1

A large number of a,o-dideuteriobenzyl (i.e. PhCDZ-) ethersof
monosaccharides have been prepared so that their n.m.r. spectra
17 partial
benzylation of methyl a-D-mannopyranocside yielded either the 2,3,6-
triether (53%, using PhCH2C1—LiOH) or the 2,U,6-triether (41%, using
PhCHECl—KOH).18 Several partially benzylated lactoses have been
prepared and characterized.® A number of 1,3,4,6-tetra-0-sub-
stituted L-gulose derivatives, including benzyl 3,4,6-tri-0-benzyl-
B-L-gulopyranoside, have been synthesized as part of a study of
bleomycin, which has a 2-0O-glycosylated L-gulopyranosyl moiety.19

could be compared with those of normal benzyl ethers.

New methods for cleavage of benzyl ethers have been reported.
Catalytic transfer hydrogenolysis using ammonium formate as donor
over palladium-on-charcoal has been found to work better than with
formic acid or cyclohexene over palladium catalysts. Trityl ethers

were also cleaved but not benzylidene acetals.zo

Ozone (03/02,
CH2012, <1l h, 0°C) has been shown to be a mild reagent for effecting
debenzylation and compatible with glycosidic and acetal linkages.
Methyl 2,3,4-tri-O-benzyl-o-D-xylopyranoside thus gave a mixture of
the corresponding tribenzoate and partially deprotected derivatives,
which on saponification yielded methyl a-D-xylopyranoside in 88%
isolated yield.21 Tri-0-benzyl protected arabinofuranosyl-nucleo-
sides have been deblocked using ethanethiol-boron trifluoride

diethyletherate.22
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Reductive cleavage (LiAlHu—A1013, NaCNBH3-HCI, or AlCl3—Me3N)
of 2-substituted 1,6-anhydro-3,4-0-endo-(4-methoxybenzylidene)-g-D-
galactopyranose derivatives gave predominantly the axial 3-0-
(4-methoxybenzyl) ethers with a free UY-hydroxy group.23 4-Methoxy
-benzyl ether groups survive acetolysis of a 1,6-anhydride bridge,
but can be selectively removed with DDQ.23’2“

Methyl 2,3, 4-tri-0-butyl-a-D-glucopyranoside has been synthe-
sized by selective protection at 0-6 (>85%) with dihydropyran
(H+—DMSO) followed by phase-transfer catalyzed alkylation and
hydrolysis. The 2,3,4,6-tetra-0-butyl ether was also synthe-
sized.25

The novel ether-linked bis(1l,6-anhydro-D-mannoses) (6) and (7)
have been synthesized and then hydrolysed to the corresponding

bis(D-mannose) compounds for testing as substrates and inhibitors

o)

R-(cHz)g-R (6) . 0
RCHoCHCH,R (7 o><o

NH, <0

0.0 o
MeS/\O % Ph _<o 0
0 éo ;)

’_EO o éij_.lf OMe g\/\;\ :C“zc”z

q§% Y

n
(9) n=1-5 (10)n=3or4 0~ CH,CHy
(1) n=20r 4
of cell-membrane transport systems.26
Several chiral crown ethers incorporating glycoside moieties
have been reported. The [2.2.1]cryptand (8), with a 2,3-alkylated
methyl 4,6-0-[(S)-phenylethylidenel-a-D-mannopyranoside moiety
(having an axial phenyl group) has been synthesized following
previously employed methodology (Vol.17, p.57).27 Similarly,
crown ethers based on 1,2-insopropylidene—3—g—(methylthiomethyl)-
B-D-fructopyranose, i.e. (9),28 methyl oa-D-talopyranoside, e.g.
its 2,3-alkylated derivatives (10) and analogues with macrocycles
attached on both 2,3- and A,6—positions,29
pyranoside, e.g. compound (11) which has inter-residue ether

and methyl a-D-galacto-

linkages as well as large rings on the 4,6-positions, have been

reported.3o
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Detritylation of 1,2,3,4-tetra-0-acetyl-6~0-trityl-pg-D-galacto-
pyranose with lodotrimethylsilane has been found to be better than
1 The u,4v,4rotris
(levulinoyloxy)trityl group has been used for protection of
primary hydroxy groups in dinucleotide synthesis. It 1is
moderately stable to acids, but can be removed by hydrazinolysis

other metheds in minimizing side reactions.3

followed by warming with pyridine-acetic acid , without removing

acetyl and dimethoxytrityl groups‘32

Silyl Ethers.- A review on the use of organosilicon protecting
groups in organic synthesis has included carbohydrate and nucleo-
side examples, and the protection of 1,2- and l,3—diols.33

Reaction of 1,6-anhydro-4',6'-0-benzylidene-B-maltose with 1,3-
dichloro-1,1,3,3-tetraisopropyldisiloxane (i.e. TIPS—ClZ) in
pyridine yielded the 2',3'-0-TIPS ether, while the cellobiose
analogue yielded the 2,3-0-TIPS ether (;;g; substituted on the
anhydro-sugar moiety). Discrimination between the 2,3- and 2',3'~
hydroxy groups of maltose and celloblose can be effected in this
way.3 3,4-0-TIPS-protected D-glucopyranose derivatives have been
prepared in connectlon with the synthesis of glycophospholipids, by
mild rearrangement {(py.HC1-DMF) of the corresponding 4,6-0-TIPS
derivatives.35_37 The selective silylation of L-rhamnal and L-
fucal is covered in Chapter 13, while n.m.r. studies of trimethyl-

silylated sugar derivatives are mentioned in Chapter 21.

2 Intramolecular Ethers (Anhydro-sugars)

Oxirans.- Synthesis of the 2,3-anhydro-4-deoxy-glycosides (12)
from levoglucosan has been described.7 Conformational studies of
cis- and trans-2-methyl-3,l4-epoxytetrahydropyrans are covered in
Chapter 21.

CH,OH
0 0 0 AcO —0Q
0 OMe OBn 0
0 o]
2
R 2) BnO ™2 AcO

(13) (14

Other Anhydrides.- Ring-opening polymerizations of 1,3-anhydro-

2,H,6—tri—g—(Q-bromobenzyl)—S-D-glucopyranose,38 1,4-anhydro-2,3,6-
tri—g—benzyl—u—D—glucopyranose,39 1,4-anhydro-2,3-0-cyclohexylidene
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-u-D—ribopyranose,uO and related derivatives have given stereo-
regular (1 + 3)-a-D-glucopyranan, (1 + 5)-a-D-glucofuranan, and
(1 + 4)-B-D-ribopyranan respectively.
The 4,6;4',6'-dianhydride (13) and the 3,63;3',6'-dianhydride
(14) have been prepared by intramolecular sulphonate displacements
on o-D-galactosyl a-D-galactoside 6,6'-ditosylates, with and without
2,2',3,3"-tetrabenzyl ether protecting groups, r'esl;)ectively.“l
Synthesis of a 4,6-thiocanhydride 1is covered in Chapter 11.
1,6-Anhydro-p-D-glucopyranose has been identified as a product
from hydrothermolysis of cellulose and its degradation in aqueous
solution at 200-240°C examined.u2
synthesis of 1,6-anhydrohexopyranoses involves treatment of the

A miid procedure for the

pentabromophenyl B-glycosides (obtained in two steps from the B-
peracetates) with tetrabutylammonium hydroxide at 2OOC, followed by
acetylation for isolation. The 1,6-anhydrides of D-galactopyranose,
D-glucopyranose, and cellobiose were obtained in this way.u3 The
same authors have also been able to obtain 1,6-anhydro-B-D-gluco-
pyranose (but not the galactose analogue) by the one-pot selective
tosylation-alkaline treatment procedure developed by Georges and
Fraser-Reid for the synthesis of the mannose analogue (Vol.18,

Ch.5, Ref.37). 1,6-Anhydro-3,4-di-0-benzyl-g~L-gulopyranose (15)
has been synthesized by two routes as a key intermediate in the
synthesis of the carbohydrate moiety of bleomycin,19 that starting
from penta-0-acetyl-L-gulopyranose (16) (which is available from
L-ascorbic acid in 3 steps) being shown in Scheme 2.

e}
CH,0Ac L-iv CHZOBn
Oha Acp )~ Ohe — OBn f\co !
OAc

(16) (1)
Reagents: U, HBr-HOAC ; i, Et4NBr -MeOH; i, MeONa.-MeOH ; iv, BnBr -NoH-DMF ; v, HOAc ;
vi, Ac,0-Py ; viv, SncCly

AcO

Scheme 2

D-Fructose, or inulin, 1is converted by anhydrous hydrogen
fluoride into a mixture of difructose dianhydrides. Six were
isclated, five being known compounds, but two of these were assigned
the revised structures a-D-fructopyranose-f-D-fructopyranose 1,2":
2,1'-dianhydride and a-D-fructofuranose-f-D-fructopyranose 1,2':
2,1'-dianhydride. The new compound (17) was shown to be B-D-
fructofuranose-g8-D-fructopyranose 2,1':3’,2‘-dianhydr‘i(‘le.“Lt

Molecular mechanics and ab initio molecular orbital calculations

have been performed on the neutral and anionic forms of methyl 3,6-



54 Carbohydrate Chemistry

CH,OH OH
o_. 0
HO
N
CHOH 0 OH
OH (7)

anhydro-oa-D-galactopyranoside, and the results suggest that
alkylation and esterification should occur at 0-4 preferentially
due to anion stabilization rather than steric factors. The U-
hydroxy group is of course equatorial whereas that at C-2 is

axial.L15
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6

Acetals

1 Isopropylidene Acetals

A useful method for preparing 2,3-0O-isopropylidene-L-(S)-glyceralde-
hyde from L-arabinose has been described, involving the acetonation
of its dibenzyldithicacetal derivative with copper sulphate catalysis
and lead tetra-acetate oxidation of the resulting 4,5-0-isopropyl-
idene derivative. 1,2-0-Isopropylidene-L-threitol has been

prepared from dimethyl tartrate in four steps, and converted into
(R)-1,2-0-isopropylideneglycerol by periodate oxidation - borohydride
reduction. The direct isopropylidenation of L-arabinose N,N-di-
methylhydrazone under various conditions has been studied. Four
major products, the ratio of which varied with conditions, were
identified as the 2,5-anhydropentitol derivatives (1) and (2), the
diacetal (3), and the open-chain acetal (4). The structure of (4)
was confirmed by hydrolysis with dilute sulphuric acid to 2,3:4,5-di-
Q-dispropylidene-L-arabinose, which was converted to the known
crystalline branched-chain pentitol (5) by aldol-Cannizzaro reaction

with formaldehyde. Kinetic isopropylidenation of aldose diethyl-

0. CH:NNMe, o CH=NNMe, CHo0H
S 0 O~ CH, OH
0" o o o

0 0
>< 0 o 0
(1} @H:NNMEz (3) /\/ ><0 ><O

@) O )

dithioacetals has been carried out using 1.2 equivalents of 2-
methoxypropene in DMF at OOC with tosic acid catalysis. Five-
membered ring acetals attached at the terminal diols were the major
products in every case, with six-membered and seven-membered rings as
minor products. C N.m.r. spectroscopy showed that C-2 of a 1,3-
propandiol derivative, i.e. the six-membered acetal, was shifted up-
field by 6-9 ppm compared to starting materials, and that shifts of
the diol carbons also depend on the ring size. Similar observations
were made on the cyclohexylidene derivatives prepared analagously
from 1-ethoxycyclohexene, and on the methylene acetals. D-Ribose

diethyldithioacetal, on treatment with propanone-sulphuric acid in

56
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the presence of copper(II) sulphate gives, contrary to earlier claims,
the 2,3:4,5- and the 2,5:3,/-diacetals (6) and (7) in equal
quantities. De-thicacetalation with mercury(II) and reduction with

CH sst)2 CH(sst)z CH,0H CH,OH CHZOH
[¢)
X 1::1

(e (8) (10)

O O

sodium borohydride gave the parent ribitol diacetals (8) and (9).
Direct acetonation of ribitol gave (8) in 22% yield and (9) in 11%
yield, but the major product was the 1,2:4,5-di-O-isopropylidene
derivative (66%). The paper also describes the synthesis of the
acetylenic derivative (10), used previously in C-nucleoside synthesis
from 2,3:4,5-di-0~isopropylidene-D-ribose. Reference to the n.m.r
spectroscopy of acetals is made in Chapter 21. The dimer of 1,2-0-
isopropylidene-&-D-xylodialdo-1,4-furanose has been confirmed to
have the structure shown in (11) as previously postulated (see Vol.
1, p. 174), and its congormation in CDCl3 and CDBOD investigated

by n.m.r. spectroscopy.

(11)

Acetonation of a mixture of 1-deoxy-5,6-0-isopropylidene-D-
arabino- and -D-xylo-hexulose, obtained by hydroxylation of 1,3,4-
trideoxy-5,6-0-isopropylidene-D-glycero~hex-3-enulose, gave 1-deoxy-
2,3:4,5-di-0-isopropylidene-B-D-fructopyranose and 1-deoxy-2,3:4,6-
di-O-isopropylidene-x-D-sorbofuranose. The same two products were
formed when acetonation was carried out on a mixture of 1-deoxy-D-
fructose and -D-sorbose obtained from hydroxylation of 1,3,4-tri-
deoxy-D-glycero-hex-3-enulose.

Isopropylidenation of D-mannitol using methyl isopropenyl ether
in DMF at 20°C with tosic acid catalysis gave the 1,2:5,6-diaceta18
as the major and 1,2:4,6~ and 1,2:3,4-diacetals as minor products.

A detailed study of the same reaction using in this case propanone-
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sulphuric acid gave the 1,2:3,4:5,6-triacetal (63%), the 1,2:3,4-
diacetal (23%), and the 1,2:5,6-diacetal (8%), together with traces
of other acetals. The 1,2:3,4-diacetal could also be rapidly pre-
pared from the major product in propanone by treatment with dilute
sulphuric acid. Addition of glacial acetic acid to the propanone-
sulphuric acid reagent gave, with D-mannitol, good yields of the
triacetal (85%), with 12% 1,2:3,4-diacetal. The synthesis and
hydrogenolysis reactions of acetals, including isopropylidene

examples, are described below.

2 Benzylidene and Related Acetals

Tetrafluoroboric acid has been recommended as an efficient catalyst
in acetalations, e.g. methyl £-D-glucopyranoside with benzaldehyde
dimethylacetal in DMF in the presence of tetrafluoroboric acid gave
a 94% yield of the 4,6-0-benzylidene derivative. The same catalyst
in aqueous acetonitrile solution is capable of rapidly and cleanly
cleaving acetals, trityl ethers and TBDMS ethers. Reaction of D-
ribono-1,4-lactone with benzaldehyde-concentrated hydrochloric acid
gave 3,4-0-(R)-benzylidene~D-ribono-1,5-lactone (12) and not the 3,5-
acetal as previously suggested (see Vol. 2, p. 154). The regio-
chemistry of (12) was confirmed by X-ray crystal structure of its
2-0-acetyl derivative. Production of (12) in high yield as a single
diastereoisomer is due to its insolubility. With zinc chloride as
catalyst the products are the 2,3-0-(R)-benzylidene-D-ribono-1,4=
lactone and its (S)-isomer. Migration of a 1,2-0O-benzylidene

Q

(13) R'=Ph,R*=Me

"OMe  (14) R'mMe,R*=Ph

0

H
ELO OH
Pho ()

group under glycosidation conditions is mentioned in Chapter 3.

The photolysable O-nitrobenzylidene acetal has_ been used as an
intermediate in the synthesis of a trisaccharide. Reaction of
methyl ot-D-mannopyranoside with o~methoxystyrene and catalytic
pyridinium tosx%ate in DMSO gave a 7:3 mixture of the 4,6-0O-acetals
(13) and (14).
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3 Other Acetals

An n.m.r. spectroscopic study has been carried out on ethylidene
acetals to determine useful parameters for elucidating ring sizes
(see also Chapter 21). Allylglycosides rearrange to prop-l-enyl
glycosides on treatment with trans-{Pd(NH ) Cl ], but in the
presence of a neighbouring hydroxy group Srgpyfidene acetals are
formed (Scheme 1). Included in a study of relative stabilities
of protecting groups towards iridium, rhodium, and palladiumn
catalysts were some examples of prop~2-enylidene acetals. The
formation of 1,6-anhydro-3,4-0-[5-(hydroxymethyl)-2-furylidene]-Ag-
D-galactopyrancse (15) in the pyrolysis of lactose has been de-

CHz0H CH,OH
HO o , . HO 0
OH 1 _”_+ ]' )1 T N OH

O NN )

OH 0)\/

Reagent : i, trans- [Pa(NH3);CL, ] .
cheme 1

scribed. The acetal, which has a strong bitter taste, was also
formed by heating D-galactose, and sy?ghesized from 1,6-anhydro-D-
glucose and 5-hydroxymethyl-furfural.

9
F
HOCHZWO

]
(15) CH

4 Acetal Cleavage Reactions

Reductive cleavage with lithium aluminium hydride-aluminium chloride,
or with sodium cycloborohydride-hydrochloric acid, or with aluminiunm
chloride-trimethylamine, of EBQQ-B,4-9—(A—methoxybenzylidene) acetal
rings of 1,6-anhydro-B-D-galactopyranose derivatives gives pre-
dominantly the axial 3-0-(4-O-methoxybenzyl)ether derivatives. Oxi-
dative cleavage with DDQ affords the axial 3-0-(4-methoxybenzoyl)
derivatives. Catalytic transfer hydrogenation of 1,3-dioxolanes

as a method for the selective rewoval of 5-membered ring benzylidene

groups has been applied to methyl 2,3:4,6-di-O-benzylidene-x-D-manno-
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pyranoside to yield the 4,6-benzylidene acetal in 867% yield. The
same conditions applied to 1,3:2,4:5,6-tri-O-benzylidene-D-glucitol
gave the 1,3:2,4-diacetal in 75% yield. Hydrogenolysis of
methylene, ethylidene and isopropylidene derivatives with lithium
aluminium hydride-aluminium chloride gave axial ethers. Endo-phenyl
isomers of the 71-phenylethylidene acetals derived from acetophenone
gave axial 1-phenylethyl ethers as mixtures of the two diastereo-
isomers; the exo-phenyl isomers of arabinosides were stable to the
reagent, while those of rhamnosides gave axial 2-(1-phenylethyl)-

ethers in a slow reaction. Two examples are shown in Scheme 2.

OMe Ph OCHMePh

63%
Reagents : L, LAH-ALCL3-EbyQ- CHyCly (20°C)
Scheme 2

As mentioned above aqueous tetrafluoroboric acid rapidly and

cleanly cleaves acetals in acetonitrile solution.
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Esters

A review on the regioselective manipulation of hydroxy grou$s using
organotin derivatives includes a section on esterification. Deter-
$inati0n of the position of ester groups ig glycosphingolypids by 2D

H n.m.r. spectroscopy has been described.

1 Carboxylic Esters

Peracetates of aldoses, disaccharides, and methyl glycosides have
been obtained in good yields by reaction'of the trimethylsilylated
sugars with iron(III) chloride-acetic anhydride without change in
their stereochemistry. The same reaction on ketoses produced dehy-
dration products only.

Selective acetylation of benzyl o-D-xylopyranoside using four
equivalents of acetic anhydride in the presence of sodium acetate-
acetic acid gave 15.7% 2,4-diacetate, 4.27%7 3,4-diacetate, and 227
2,3,4-triacetate. The 2,3,4-triacetate of benzyl «-D-mannopyranoside
was obtained by prior tritylation, acetylation, and detritylation.
The H and C n.m.r. spectra for these compounds were assigned.
2-0-Acetyl and -benzoyl derivatives of methyl &-D-galactopyranoside
and methyl 2-amino-2-deoxy-ot-D-galactoside have been synthesized
from the corresponding 3,4-0-isopropylidene-6-0-trityl sugars and by
direct acylation of the amino sugar, and the products tested for their
binding affinities to isolectins. The preparation of some 1,6-di-0-
acetyl-D-galactopyranose derivatives carrying acetyl, benzyl, or
allyl groups at 0-2, 0-3, and 0-4 by acetolysis of the corresponding
1,6-anhydro-D-galactopyranoses has been reported. An improved con-
version of 6-0-trityl-D-galactose to 1,2,3,4-tri-O-acetyl-g-D-gal-
actopyranose has been achieved by acetylation at RT using acetic
anhydride-sodium acetate, followed by warming to TOOOC, and then de-
tritylation using iodotrimethylsilane. Use of pyridine encourages
formation of furancse forms. The product was treated with bromo-
acetyl bromide to yield 1,2,3,4-tetra-O-acetyl-6-0-bromoacetyl-8-D-
galactopyranose. A previously reported synthesis of 1,2,3,4-tri-0-
acetyl-8-D-galactopyranose (see Vol.10,p.15) was shown to yield the

61
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1,2,3,6-isomer.

Partial deacetylation of 3,3',4',6'-tetra-0-acetyl-1',2:4,6-di-0-
isopropylidene sucrose with aluminium oxide impregnated with
potassium carbonate followed by deacetalation gave 3'-O-acetylsucrose
and13,6'—di-9—&cetylsucrose, the structures of which were confirmed
by C n.m.r. spectroscopy and m.s. of their deuterioacetyl
derivatives. Reference compounds were used to show that partial de-
acetylation of octa-0O-acetylsucrose gave a similar mixture of
partially acetylated sucroses. The hexa-0O-acetyl-sucroses formed by
aluminium oxide-potassium carbonate deacetylation of sucrose octa-
acetate were shown to be 1',2,3,4,6,6'- and 2,3,4,4',6,6'-hexa-0-
acetylsucrose. Tosylation of the former product yielded the 3',4'-
ditosylate (1), which on treatment with TPP-DEAD gave the 3',4'-an-
hydro-lyxo-derivative (2). Sodium methoxide with (1), followed by
acetylation gave the ribo-epoxide analogue (3). The 1',2:3',4'-di-
anhydro-derivative (4) was obtained from the tosylation mother

liquors.

CH,0Ac CH,OA CHy0AC

@f [~

The acetylation of L-rhamnal and L-fucal has been studied. When

acetyl chloride, N-acetylimidazole, benzoyl chloride, or N-benzoyl-

imidazole were used, the esterification of L-rhamnal occurred
primarily at the allylic hydroxy group. With acetic anhydride-
pyridine it was mainly the homoallylic hydroxy group which ester-
ified. Selective acylations of L-fucal could not be achieved since
acyl migration from 0-3 to 0-4 occurred. The ratios of the products
were studied under various conditions of solvent, temperature, and
time.10

Potassium cyanide in 95% ethanol has been shown to be useful for
removal of acetyl and benzoyl protecting groups from base-sensitive
@-D-galacto-pyranoside derivatives, and from «-D-galactopyranosides
bearing acid- and base-sensitive substituents such as isopropylidene
or tosyl groups.11

An efficient synthesis of 1,3,5-tri-0O-benzoyl-X-D-ribofurancse
(5) has been achieved by the route shown in Scheme 1. The residue

from the crystallization of (5) was the 2,3,5-tribenzoate which
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could be reacetylated at the anomeric position and recycled. The

overall yield of (5) was 81% after one recycling.

CHyOBz CHoOBz
0. OAc _ L Br °
1 — y LN
© 08z
0Bz OBz 0Bz OH
Reagents: i, I'lmol. HBr- CHaCly (0°C); i, HpO (8) (directly
39 crystallized,)
Scheme 1

Methyl 2,4,6-tri-0-benzoyl-A-D-galactopyranoside and 1-O-acetyl-
2,4,6-tri-0-benzoyl-B-D-galactopyranose have been synthesized yvia
stannylene mediated 3-0-benzylation of methyl A-D-galactopyranoside,
thus providing suitable intermediates for the synthesis of 3-linked
oligosaccharides. The 2,3-0-(4-methoxybenzylidene) derivative (6)
of 1,6-anhydro-mannose is a versatile synthon for the preparation
of 2-substituted glucose derivatives and the synthesis of 1,4~linked
oligosaccharides. The 2-0-benzoyl and 2-0-laevulinoyl-glucose der-
ivatives (7) and (8) were prepared as depicted in Scheme 2. The

oxidation step using DDQ is described in a separate publication.

0 0 0
o] o] (¢]
i,il Ui or v W)R=&
0 0 * NG TFO - 0 .
AcO AcO AcO (8) R=co(cH,),come

0 OR

6

) L

MeO
OMe orte

Reagents: i, DDQ; U, TFy0; i, BzOCs , v, MeCO(CH,),C0,Cs
Scheme 2

series of papers describes a programme for synthesizing various
partially benzoylated sucrose derivatives by use of limited benzoyl-
ating reagent on a variety of partially blocked sucrose species.
Compounds described include 2,6,6'-, 6,3',6'-, 6,1',3'-, 2,6,1'-,
11,3',6'=, 2,11,6'-, 6,1',6'-, 3,3',6'-, and 3',4',6'-tri-O-benzoyl-
16,17,18 =

sucrose.

Three new dimeric, hydrolysable tannins have been isolated from
Geum japonicum, one of which was the fully esterified D-glucose
derivative (9). The other two were the compounds derived by hydro-

lytic loss of one or both 4,6-cyclic diesters. The associations
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of polyphenols of the gallotannin and ellagitannin type (based upon

2 o on OH
R 0 g R'= «co on
o] HO C~0 0 o\Rz
1 / o O
) 0 o4 RO ; 0
\Rz/o o RO «C OH
~c— OH R% = OH
0 |___OH
OH “Co—{  p-OH
% oA

penta-0-galloyl-D-glucose) with the protein bovine serum albumin have
been studied, and the results used to comment on the role of these
tannins in nature. The antiherpetic activity of hydrolysable
tannins has been shown to be dependent upon the number of galloyl or
related ester groups and on the degree of condensation, but not on
the sugar moie%y. The increased activity correlates with increased
cytotoxicity.

The preparation of O-aminoacyl derivatives as enzymatically re-
movable protecting groups for sugars has been described. N-Benzyl-
oxycarbonyl and N-(t-butoxycarbonyl)-glycine, alanine, valine, iso-
leucine, phenylalanine, lysine and asparagine were condensed with
methyl 4,6-0-benzylidene-o-D-glucopyranoside and methyl 2,3-di-0-
methyl-g-D-glucopyranoside. The aminoacyl groups were easily removed
by enzymic hydrolysis using pronase E, trypsin and chymotrypsin, as
well as by conventional alkaline treatment. The present work extends
the previously described use of glycine as a protecting group (see
Vol.18, p.66). The methyl 2,3-di-0O-aminocacyl-«-D-glycopyrano-
sides prepared as described in the previous reference were evaluated
for taste. Increase in the amino acid side-chain length correlated
with the change from sweet to bitter and the presence of the sugar
moiety intensified the taste of the amino acid. Methyl Z,B-Q—algny%Z
«-D-glucopyrancside was about fifteen times as sweet as sucrose. ’
Methyl 2,3-di-0~(L-x~aminobutyryl)-e-D-glucopyranoside is reportg%
to be a new sweet substance about 50 times sweeter than sucrose.

The synthesis of L-arabinosyl esters of N-acyl amino acids has been
reported. Thus 2,3,4-tri-O-benzyl-L-arabinopyranose condensed

with N-acetylalanine in the presence of DCC-imidazole to yield the
1-0-ester (10) in which the trans o-anomer predominated.

Analogously prepared were the 1-0-(N-acetyl) alanate ester of 2,3,5-
tri-0-benzyl-N-«,8-L-arabinofuranose, and the 1-0-(N-tert-butoxy-
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carbonyl-L-phenylalanyl) pyranose and furanose counterparts. Treat-
ment of the 1,2-cis isomers with diazomethane in DMF or dry ethyl

BnQ 0 ‘
i
opn Y O-EcHre
NHACc
OBn (10)

acetate caused migration of the acg% group to 0-2 to yield the 1-
Q-acetyl-2-0-aminoacyl derivative.

Selective acylation occurs at C-6 of methyl «-D-glucopyranoside on
treatment with hexachloro- or pentachloro-propanone to yield tri-
chloro- or dichloro-acetates respectively. The chlorinated ester
group is easily removed by ammonia in ether and thus constitutes a

base-labile complement to the acid-labile trityl function (Scheme

3). Trifluoroacetylation of carbohydrates for g.c. analysis has
CH,OH CH,yO-COCHCL, CHpOH
o] 0 0
i i
OH -> Ohfc _— OAc
HO OMe. AcO OMe AcO OMe
1
OH OAc OAc
Reagents: i, CHCly COCCLy-DMF3ii, AcaO - Py i, NHy -EE20
Scheme 3

been achieved using ﬂ—methylb%g(trifluoroacetamide) on hydrolysates
under homogeneous conditions.

6-0-Esters of D-galactose diethyldithioacetal have been prepared
by reaction with Me(CH2)nCOCl (n =10, 12, or 14)-pyridine and their
structures studied by n.m.r. spectroscopy. Various 6,6'-disub-
stituted o,l-trehalose esters of fatty acids such as linear C_ , « -
branched C_ , «-branched g-hydroxy-C 5 o ~branched A-hydroxy- g’
and 4-acyloxy-C acids, and mycolic acid, as well as bis-N-acyl
derivatives of 6,6'-diamino-6,6'-dideoxy-&,«¢~trehalose, have been
synthesized as analogues of the mycobacterial glycolipid trehalose
6,6'—dimy081ate. Their lethal and adjuvant activities have been
examined.

Taxifolin-3'-0-B8-D-(6"-0-phenylacetyl)glucopyraoside (11), iso-
lated from Pinus massoniana needles, is the first reported phenyl-

acetylated sugar in nature. B -0-[4-0-(p-Hydroxyphenylacetyl)-£-
D-glucopyranosyl]-g-hydroxy-¥-butyrolactone (12) has been isolated

from the roots of Taraxacum officinale. 1,3-Di-0-sinapoyl-
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(13), 1-0-sinapoyl-3-0-fernoyl- (14), and 1-0O-acetyl-3-0-fernoyl-
(15) sucrose have been isolated from the creeper Polygala chamae-

buxus. The glucuronide (16) is one of the metabolic products of

CHy0,CBR CHyOH o)

0 o 00
OH
oH
OH

HO HO HOOCHZﬁ—O 0
OH (1) e} (12) OH

CH,OH CH,OR'

0 o)
0
0 A = OMe 4 Z OMe
OH HO R= R =
HO 0 CH,OH OH OH
OH oR? OMe

(13) R'=R?=R?
(14) R'=r>, R°=r*
(15) R'=Ac, R®=R*

flunisal, an analgesie, found in the urine; it is suitable for a
reversed-phase h.p.l.c. assay. Reaction of 0-(tetra-O-benzyl-«-

D-glucopyranosyl)trichloroacetimidate with carboxylic acids gave

0
0 CH,OR
St AL S
N7

F =0 - —~0
oR or R CHz

COH ‘ N

00 /6 'D-GLC~_P RO o]

\ OR oH
o OH (1) (18) HO OH
OH

(16) OH

1-0-acyl-gB-glucosides exclusively without other catalysts being
required. The reaction was used in the resolution of racemic «-
methoxyphenylacetic acid since its glycosylated derivatives were
easily separable by chromatography. As an example, the benzpyrolic
acid ester (17) was prepared in 55% overall yield after catalytic
removal of the benzyl groups. The glucosyl perester (18) has been
synthesized as a high-calorific nutrient for intravenous administ-
ration. Methanolysis of the potent new antibiotiecs PD 114, 759,
and PD 115, 028, isolated from Actinomadura sp, produces 3'-~ and
4'-N-(2-methoxy-propenoyl)-4,5-dimethoxyanthranilate esters of methyl
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2'-deoxy-d,8-L-fucopyranoside 5%9) and (20), which equilibrate with

each other in aqueous ethanol. Pregna-5,20-dien-3-8-yl 2-acetam-
2 =
Me OMe (t9) R1=X>RQ=H 9 Ofte
1 X= i
=H =
7o (200 R L R™=¥ Hey OMe
1
OR CHa N,
OMe

ido-2~deoxy-D-galactopyranosides with 4~-, 6-, or 4,6-0-butyrate
groups and the unesterified parent have been isolated from the
gorgonian coral, Muricea futicosa. Glycopyranosyl esters of
3-0-acetyloleanolic acid and octanoic acid, representatives of
sterically hindered and less hindered acids, have been synthesized
by standard methods from L-arabinose, D-xylose, D-g%ucose, and L-
rhamnose, and some 1-2 linked disaccharides. The C n.m.r. spectra
derivatives were studied to investigate the effect of the steric
hindrance on the 2-0-glycosylation shifts.

A series of analogues (21) of UDPG and UDPGlcNAc have been syn-
thesized from 2,3,4,6-tetra-0-substituted-«-D-glucopyranose or 2-
acetamido~3,4-tri-O-acetyl-2-deoxy-o-D-glucopyranose with 2',3'-0-
isopropylideneuridine and chlorosulphonyl isocyanate, followed by
deprotection. Some compounds show inhibitions of protein glycosyl-
ation and antiviral activity, particularly the benzgyl and benzyl

derivatives which show good lipid/water partition.

U
1
(21) R'= Bn, Bz,Ac, COC,Hyy
R2: OR' or NHAC (RT=Ac)
3 3 3_ .
OR R=H O'V‘Ra— >CMey

Silver salts have been investigated as catalysts for the synthesis
of alkyl 1,2-orthoacetates of D-glucopyranose and D-galactopyranose
from 1,2-cis and -trans-halides with methanol, propan-2-o0l, and
octan-1-0l in the presence of 2,4,6-trimethylpyridine. Although
silver tosylate and the obromides gave 927 yields, best were the -
chlorides which gave near quantitative yields. Silver nitrate had
some advantage in that the base is isolated as its inium nitrate
which crystallizes out, leavi?g the orthoacetate in solution directly

usable for further reaction.
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2 Phosphates and Related Esters

A review of phosphates and phosphonates of biochemical interest
includes some carbohydrate examples. A theoretical study has been
carried out to determine the anomeric effect of phosphate groups (see
also Chapter 21). Enzymic syntheses of sugar phosghates are in-
cluded in a review of enzymes in organic chemistry.

Treatment of potato peels with phosphorylase gave D-glucose which
was phosphorylated to yield D-glucose 1-phosphate of commercial
grade. A preparative enzymic synthesis of D-threo-2-pentulose
5-phosphate (D-xylulose 5-phosphate), following the route shown in

Scheme 4, has been described.

CH,0P0, CHy OH CHO CHLOH
o) L ) + l—-OH i 0
HO a- | 2 HO + CO,
CH>0PO
oH CHp0PO, 20PO3 OH
-
OH CH,0PO;
CHo0PO4

Reagents: i, aldolase: i CHp(OH)COCO,, transketolase. Mg Thep
Scheme 4

Fluorosugar phosphates (22) and (23), for sugar metabolism
studies, have been synthesized by the method depicted in Scheme

. The glucose phosphate derivatives (24) have been synthesized
CH20P03H2 c:ugopo‘.,HZ
—  F v OH Y
p—)
3
(22) (23)

Reagents : i, DAST ; ii, Hao" Ui, ATP- hexokinase ;iv, Phosphoenolpyruvale -pyruvate kinase

+
v, Pb(0AC), - H Scheme 5

O O
R-0-p-0R® ><o O Ohc
OM
24 : R!= ; R%= R1, Me,
(249) Pl Pyt

by the phosphate triester method.48 A synthesis of the two anomers
of D-arabinofuranose 1,5-diphosphate has been achieved (Scheme 6).
Dimethylphosphates (25) - (27) of deoxy sugars have been prepared by
hydrogenation of enol phosphates. An improved enzymic synthesis
of octulose phosphates has been reported. D-Glycero-D-altro- and D-
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glycero-D-ido-octulose 1,8-diphosphates were prepared in high yield
from D-fructose 1,6-diphosphate and either D-ribose 5-phosphate or D-
CHao P(o)( 0Ph)2

CHR0-
20 @ IA. Viby l.u,
VML LV v
HO HO y~OAc & BrQ )~ OAc B,
0-@
OH

Reagents: t,Hy- Pd./c—AcOH—MaOH (i, (PhO), POCL- Dﬂ L, HBY - CHa Cly s (Bno) PO, Et3NH @ p OH

v, LL=NH3 yvi, Hp= Pd/C - HOAC ; vii, AcgO - Py ; viii, AgBFy NoH
Scheme 6
Me  ome Me  oMe CHa0Ac
0-PLOMe [-0-F-ote o
\\O o)
AcO CHp
A
Ohc Ohe AcO OMe
OAc OAc LOMe
CHp0AG CH,0AC O—p-otte
(25) (26) a7

arabinose 5-phosphate in the presence of aldolase and triosephosphate
isomerase. The 8-monophosphates were better prepared enzymically using
D-glucose 6-phosphate or D-allose 6-phosphate and ﬁ—hydroxypyruvate
than by selective hydrolysis of the diphosphates.

Relatively fast phosphate migration has been observed in ribo-
flavin phosphates at pH 2 and at temperatures above room temper-
ature. The artificial antigen 4-0-(2-acetamido-2-deoxy-D-gluco-
pyranosyl)-D-ribitol phosphate derivative (28), bearing a spacer arm,
has been synthesized to study the influence of the phosphodiester
function in the immunogenicity of natural ribitol teichoic acid of
Staphyllococcus aureus. For this study (28) was attached to bovine

CHQO P o C.H2)1OC02M6

CH,0H CH,0H
CH OH
[¢] HO [¢)
OHHO 0 o O
CHoOH HO 0-FP-0-P-OMpr
OH OH
NHAc

(2 9) & -anomer

Mpr = mor‘aprengL
(30) B -anomer

serum albumin.
Moraprenyl A-D-glucopyranosyl phosphate has been prepared by con-
densing moraprenyl trichloroacetimidate, prepared in situ, with A-D-

glucopyranosyl tri-n-octylammonium hydrogen phosphate. Moraprenyl
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3-0-#- and -A-D-mannopyranosyl-«-D-galactopyranosyl pyrophosphates
(29) and (30), intermediates in the biosynthesis of Salmonella O-
antigenic polysaccharide serotypes C_ and C_, have been synthesized
by phosphorylation of the disaccharide followed by reaction with
moraprenylphosphoimidazole.

Conventional methods have been used to synthesize the diglycosyl
phosphate (31), of use in the assay of UDP-N-acetylglucosamine 1-
phosphotransferase. The syntheses of the p-nitrophenyl glyco-
sidyl glycosyl phosphates (32) and (33) were achieved by condens-
ation of the appropriate peracetyl glycosyl phosphate with p-nitro-
phenyl 2,3,4-tri-0-benzoyl-«-D-mannopyranoside followed by de-

gotection. Their conformations were investigated by H, C, and

P n.m.r. spectroscopy,and it was concluded that the phosphate
group is stretched out rather than the two sugar units being folded
towards each other. If this conformation were to persist in glyco-
conjugates then it would be a good recognition marker for the site
of attachment of glycoproteins to the cell surface, since the phos-
phate diester terminal group is well exposed to the solvent.
Agrocinopine A and B, gg4) and (35), have been isolated from tomato
and sunflower tumours.

CHQOH /CHz CIH20H O/CIHz
R —0 o
ow HO OH 40 K OH HO }
fo p R2| Q/;_ HO OQ—NOZ
0
NHAC OH )
(3|) (32) R'=H,R*=OH
CHQOH (33) R'= OH,R*=H
|
: ;CH20H (34) R = p=D- -Gle-p
\p/ (35)R=H
“oH

Two reviews on the synthesis and biological activity of lipid A

59,0
analogues have appeared. !

The synthesis of diglycosyl phosphates
via diglycosyl phosphites has been described in connection with an
approach to the total synthesis of lipid A of Salmonella lipo-
polysaccharide. The total synthesis of Escherichia coli 1lipid A,

the active principle of bacterial endotoxin, has been outlined.

The glucosamine derivative (36) h%s been used to prepare lipid X (37),
the Salmonella 1lipid A precursor. A variety of mono- and di-
saccharide analogues of lipid A have been prepared; 0-1 phosphoryl-



7: Esters 71

ation was effected by reaction of glycosyl halides with tributyltin-
(dibenzyl or diphenyl)phosphate and 0-4 phosphorylation with diphenyl

/o CH,OH
>\/ 0 O\/\ o
S N\oH I 0COR pe
¢} HO 0-R-OH
Nk, i OH
(36) (37) COCHL CH{OH)(CH, )0 Me

phosphoryl chloride.64 In an investigation of the molecular
requirements for the biological activities of lipid A, a number of
analogues (38) of the non-reducing sub-unit have been synthesizgd,
among which that with R'=(R)-3-tetradecanoyloxytetradecanoyl, R =
tetradecanoyl, R =phosphony and R =H showed the most distinct and
strong biological activity. Another group have described the
synthesis of the same or similar analogues (39), using a method in
which the optically active fatty acid moiety was introduced in the

last stage6 and these were also shown to possess antitumour
b

activity.
CH,0R? CHoOH
CHCO=
° R\RZ = H—-R S R, R® as in (38) , with
i > R " Cutlzs Q NoR* oH R=H CnHaq.1 CO.>
R0 (3"'*°H»mCaHnC°f) R0 (n=11,13,15)
NHR' R? = H, P(O)(OH), HO" ‘OH NHR'
R4 = H, A-Ci3Hpp COL
(33) 13727 2 (39)

The two anomers (40) and (41) of a glycophospholipid have been
synthesized, using halide-ion catalyzed glycosylation for construct-
ion of the 2-glucosidic l%g%zse and Koenigs-Knorr conditions for the
p-glucosyl glycerol bond. Selective 2-0-&-glucosylation of the

4
CH,OR O —CH

2 0, 2

1 (R R1=oleoyt

OR P 0
/ “oH R%= paLmLtoSL
CH,—0 OH O—CH,
HO ‘»ORZ
OH CH,OR?

(40) x- anomer
(41) B- anomer

4,6-0-tetraisopropylsilyloxysilyl-protected glucoside (42) has been
used in the preparation of the Streptococci glycophospholipids (43) -
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70
(45).
JO—ChHy CHyX
Przst 0 o (43) X= H
Q\ OH OH (44) X = stearoyt
£5i-0 O-CH HO O—CH
PraSt ng 2 (45) x= —o<r|>(o)(or1)
OH 0 OR H 2
M | 3 2 R:OQOBL
(42) CH,0R o -D-Gle-p CHpOR ORr?
s ' L
R=po.LmLtc>3L CH20R2

2-Deoxy-a-D-ribopyranose 1,3,4-bicyclophosphite (46) is the
product of the phosghorylatlon of the parent sugar with P(NMe )
or PCl_ in dioxan. New homolytic reactions of 1,2-0-alkyl-
idene-«-D-glucofuranose 3,5,6-bicyclophosphites (47) have been ,
reported. The 3,5-cyclic phosphates (48) and (49) are the products
of reaction with hydrogen peroxide, and benzoyl peroxide respect-
ively. The (2-methyl-2-cyano)ethyl ester (50) was also prepared.

0 o CH,OR
onq/o 0\41/0
0 © 0 RO~p 50
o~ 0, : °
P o o-Z

o0—2
(46) (4.7) Z= Me,C, Og, (48) R=H Z=as in (47)
CCL3CH., (49) R=8z

(50 R= Me,CTN

Reaction of the bicyclophosphane (51) with polyols gave the
corresponding peralkoxybicyclophosphoranes (52) which are in tauto-
meric equilibrium with the ghosphltes (53) Polyols used were D-
arabinitol and galactitol.

oS Or C*ﬁ

07/\"0
(51) H OR or
(52 (53)
1 1
0~—CHy CH,0R CH,OR s
/ o o o R'= «P-NEL,
a2 . Lo NEE,
[¢] (0] —Tx
\o oMe RO ome 0 o Ri=<P ':sc
R o) R2~O OR1
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Condensation of methyl «-D-glucopyranoside with tris(diethyl)phos-
phamide and sulphur in benzene-ether gave two diastereoisomeric thio-

phosphates (54) and the thiophosphates (55) and (56).
3 Qther Esters

Ring %gntractions have been recorded in reductions75 and displace-
ments of sulphonate esters. Treatment of the 6-deoxy-ditosylate
(57) with lithium triethylborohydride gave the furanose (58}, as well
as the 3-reduced pyranoses (59) and (60), which arose via the
mechanisus in Scheme 7. Substantial amounts of the DL-digino-
furanoside (61) and the DL-rhodinofuranoside (62) were obtained by
reaction of sodium benzoate in DMF with the 4-O-mesylates of DL-

oleandropyranoside (63) and DL-amicetopyranoside (64) (Scheme 8).
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(5%

76

OMe TsO
OTs S

0]
Me
o]
TsO
OMe
Me
m
TsO
OMe

Me k' o Me.
o OMe AN ‘ HO o -
Ko ™ —_— — 4+ + 4
OMe HO~
H OTs OTs
. 59) (60)
nt: L (
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— OBu
MsG) “
R
(63) R=0Me R (61) R=0Me
(64) R=H (62) R=H

< OBz -
Reogents: {, NaOBz -DMF Scheme 8

Coupling of sugar moieties via the primary hydroxy group to proteins
has been demonstrated in the attachment of several sugar derivatives
to one molecule of bovine serum albumin using 6-0-(N-bromoacetyl-

sulphanilyl) groups (65). These couple to proteins through amino
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acid imidazole and amino groups by bromine substitution in (65).
Similar couplings were achieveg7with the corresponding 6-9-(g—bromo—

acetamidobenzoyl) derivatives.

¢CH, 0502@ NHCOCH,Br

O\
- 7 (6%

Cyclic sulphites of sugars may be regicselectively prepared via
dibutylstannylene derivatives (Scheme 9). Exo-endo isomers of
several sugars were obtained which were sometimes separable, e.g.
methyl 2-0-benzoyl-B-L-arabinopyranoside (66) gave a 967 8§ the 3,4-
O-cyclosulphite (67) in which the exo-endo ratio was 3:1.

N~ OH . 0

u AN
I ]: e I S=0 + BnySncCl,
L OH / \Bn O/

Reagents: i, BnySnoO; i, SOC, Scheme 9

CH20C(S)SCH2

T . e

Bz

(66) (67) (6%) x= H

(69) x=NO,

A study of hydrolysis and aminolysis of xanthate esters included
the two 6-substituted glucosides (68) and (69).

Complexes of D-mannose, D-glucose, D-xylose, and L-arabinose with
boric acid have been studied by C n.m.r. spectroscopy and equi-
librium data; they were considered to have the sugar in the furanose
form. The nature and corresponding association constants of the
borate esters formed by a variety of polyhydroxy compounds (including
alditols, aldonic acids, and aldaric acids) in aqueous solution at
pH 11 has been probed by C n.m.r. spectroscopy. The exchange
rate between borate and its mono- and di-esters is slow on the B
n.m.r. timescale at room temperature, so that discrete signals for
each of the components at equilibrium can be detected. Several
general rules were devised to explain trends in the stability of the

81
complexes. The use of xylitol, sucrose, and glycerol concent-
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ration gradients in combination with borate buffers for creating
stable artificial pH gradients for use in iscelectric focusing of
proteins has been described.8

Sugar nitrates have been prepared by triflate displacements with
nitrate ion: acetals and epoxides were unaffected, enabling nitrates
(70) - (72) to be obtained.

Reference to the stability of allyloxycarbonyl groups towards
various heavy-metal reducing agents is made in Chapter 5, and to

glycosylation via borate esters in Chapter 17.

o} 0
02NO© ><0 [¢] Ph{@
LONOz ) 02NO
0Bn 0 [o} OMe
o} o;&’

QNO2

(70) (71) (72)
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Halogeno-sugars

A review on stereo- and regio-controlled halogenation and their use
in glycosidation reactions has appeared.1

(Diethylamino)sulphur trifluoride (DAST) has been used to prepar
glycosyl fluorides from the corresponding anomeric hydroxy
compounds. The yields and e, ratios are given in the formulae
(1) to (4). Application of the DAST procedure to benzyl 3-azido-4,

CH208n CHZOBn CHZOBn CH,0Ac
AcO
AcO 0
CO,Me
OAc F
0Bn OBn
73% «:p,3:] Q0% or:g8,1: 10 A% o:p,1:4 T3% o8, 2:1
O @ (® (®

O-benzylidene-3-deoxy-&-D-altropyranoside (5) gave the three fluoro-
sugars (6) - (8), the first of which was converted to the 6-deoxy-

NN R

Ny 0Bn
(’5) 6) (1) (8)

fluoro-sugar (9), a 2-fluoro analogue of daunosamine, as shown in
Scheme 1. The glycosyl fluoride (10), required for tge synthesis
of the antibiotic efrotomycin, has been synthesized.

MeO CF
(6) __) < ) Me

BiMe,Si0  OMe

Reagents: i, HY O MsCL Ut Nal, 9 (10)
v, AgF- 95 Hz Pdfc
Scheme 1

78
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The 3-0-benzyl-o-D-galactosyl chloride (11) has been synthesized
in 80% yield from the corresponding methyl @-D-galactoside derivative
on controlled exposure to dichloromethyl methyl ether with catalytic
zine chloride. Prolonged exposure led to cleavage of the benzyl
ether and formation of formate (12) and dichloromethyl ether (13).

CH,0Bz éCH,0Ms J
Bz0 o MsO—5 o s 0 O Br
L ui-v CH20AC
OR OBn B ~ — 0B8n
cL Q AcO
0Bz 0)( OAc
14

(1 I) R=8Bn Reagents: i, KOAc - 18-Crown 6 ; ii, KOBWS ; i, H30"; ( )
(12) R=CHO v, Ac,0-Py; v, TiBrg
(13) R=CHClp Scheme 2

The preparation of 2,3,4,6-tetra-0-methyl-&-D-glucopyranosyl
bromide from 2,3,4,6-tetra-O-methyl-a-D-glucose has been improved
using hydrogen bromide in dichloromethane. The L-idosyl bromide
(14), used in the synthesis of a pentasaccharide related to
antithrombin III, has been synthesized as shown in Scheme 2.

The 2-fluoro-arabinose derivative (15) has been prepared from the

ribose N-pyridinyl sulphonate (16) using potassium hydrogen di-

fluoride. The fluoro-sugar phosphates (17) and (18% have been
synthesized (Scheme 3) for sugar metabolism studies. A synthesis
CHQOBz CHZOBZ
Bz 0502
(16) (15)
><O CH20P03H2 CH20P03H2
Q o] )
—~ e OH v
D
OH O
)r 17) (1 8)
Reagents: {, DAST ;iL,H‘;-IL, ATP- hexokinase ; v, Phosphoenolpyruvate - pyruvate kinase ; v, Db(OAc)4_~H
Scheme 3

of 1,3,4-tri-0-acetyl-2-deoxy-2-fluoro-g-D-ribopyranose (19)(obtained
together with the corresponding arabinose derivative) using
commercially available ethyl s-fluoroacetate with (R)-glyceraldehyde
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acetonide is outlined in Scheme 4.

CHO
O,

>< + FCH,CO4EE
Q

Reagents: i, Li N(5iMey), 5ii, DIBAL i, Ac,0-D!

‘i, Ac,0-DMAP -~ NEty
Scheme 4

L~
—_

Carbohydrate Chemistry

0. 0Ac

AcO
OAc F

(19

Reaction of D-glucal with fluorine in water, followed by acidic

hydrolysis of any glycosyl fluoride, yields 2-deoxy-2-fluoro-D-

glucose and -mannose in the ratio 4:1, which were separated by

h.p.l.c.
-talose in the ratio 5.3:1.

makes them suitable for the preparation of [

which was also realized. A production

Similarly D-galactal gave 2-deoxy-2-fluoro-D-galactose and
The speed of these reactions (ca.45 min)

Fl-labelled sugars,

system with remote control

for the routine synthesis of 2-[ F]fluoro-2-deoxy-D-glucose from
fluorination of 3,4,6-tri-O-acetyl-D-glucal with labelled acetyl

hypofluorite has been described.

labelled fluoro-sugar from D-glucal has been re-examined.
mixture of the D-gluco and D-manno epimers was obtained with [

fluorine in water followed by hydrolysis.

(from [

The synthesis of this radio-

A 2:1
8
Fl-
Using acetyl hypofluorite

Flfluorine with solid sodium acetate trihydrate) as re-

agent, fluoroglucose could be obtained with 957 radiochemical

purity.
routine production, leading to a product
chemical yield in a total synthesis time
Addition

fluorite in acetic acid to D-glucal gave

of the fluorine bombardment.

The acetyl hypofluorite procedure has been developed for

of 98% purity and 287% radio-
of 50 minutes from the end
of [ Flacetylhypo-
2-deoxy-2-[ Flfluoro-D-

mannose as the main product, whereas with 3,4,6-tri-0-acetyl-D-glucal

the gluco isomer predominated. A t.l.c.

system using silica impreg-

nated with sodium _dihydrogen phosphate was developed for separating

the C-2 epimers.

synthesize 2-deoxy-2-fluoro-D-glucose.

B—Q—benzyl—L,6—g-benzylidene-2—9—trif%gl—ﬁ—D—mannopyranoside

1,6-anhydro-2-0-tosyl-D-mannopyranose

6 respectively. The F n.m.r. spectrum

Sulpheonate displacements have also been used to
Methods starting fro$8methyl

and

are shown in Schemes 5 and

of 2-deoxy-2-fluoro-D-

glucose and its metabolites, the é-phosphate, §-phosphogluconolactone

and 6-phosphogluconate have been reported; the results suggest that

n.m.r. spectroscopy may be used to identify metabolic products that

may be applicable to in vivo metabolism studies of the fluoro-

sugar.

Deoxyfluoro-sugars have been synthesized by displacement
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of primary or secondary triflates using tris(dimethylamino)sulphonium
o
difluorotrimethylsilicate; the reaction is fast (10 min at O C)and

0o CH,0H
Ph«< e i <:>_
0BnTFO — « ~ T L0Bn A E— OH OH

0Bn
22% 57%
Reagents: |, EE,NF-MeCN i MeSO4H Scheme §
o) 0 CH,0H
L-id v v
OHTsO - 0Bn TFO — N~ — OH OH
HO BrO = HO
2
£ °%  F

Reagenls: i, BnBr -Ag,0 ; U, KOH ; i, Tf,0-Py
iv, BugNF; v, Me SO3H~H0
Scheme 6

is thus suitable for the preparation of 18F-labelled radio-
pharmaceuticals. Examples of fluoro-sugars prepared are the two
glucose derivatives (21) and (22) and the 6-deoxy-6-fluoro-galactose
derivative (23). Attempted displacement of the triflyl group of
1,2:5,6-di-g—isopr%?ylidene—B—Q—triflyl—d—D-glucopyranose gave only
the 3,4-eno-sugar. Methyl and benzyl 3-benzamido-2,3-dideoxy-

0 ><o CH,yF
0 OMe 0 o}

OMe F
[¢] s}

A

@3 OAV

4,6-0-benzylidene-X-D-altropyranoside (24) has been synthesized from
the 3-tosyl glucosamine derivatives (25) (Scheme 7) and converted by
conventional methods into the corresponding glycosides of 3~

@)" (22)°

22
benzamido-2,3,6-trideoxy-2-fluoro-8-L-galactopyranoside (26). A
0] (o]
0 [¢] o)
Ph L Ph Me
OTs I ) ? F
0 2/0R 22 HO
{ N 0 OR OR
NHBz g NHBz NHBz
(25) R=tte,8n * (24) R=Me,Bn (26) ReMe,Bz

0 - PA
Reagents: i, Bu4NF - HM Scheme 7
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similar route has been described by other workers, leading to the
(8)-2-fluoro-L-daunosamine derivative (26), and its D-altro counter-
part, (S)-2-fluoro-D-ristosamine. The unprotected 2-fluoro-L-
daunosamine hydrochloride (27) has been obtained as shown in Scheme

8, the key step of which was triethylamine - hydrogen fluoride

MsOq
\_v M

NHCOCF3 NH3CL
Reagenks: i, Ry;NH ; ii, MsCL- NEts; i, NEty 3HF ; iv, Dd./c NaHCO3- H0; v, (CF3C0),0; vi, NBS ; (27)
vii, AgF- Py ; viii, MeONa-MeOH ix, Ha- Pa/C ; x, H;D
Scheme 8

complex displacement of a mesyla e th retention of configuration

lu

via an aziridinium intermediate. The reaction was also

applied to methyl 2,B—anhydro-A-deoxy-ogp-D,L-erxthro-pentopyranoside
(28) to yield the 3-fluoro sugar (29). The intermediate aziridine
was also treated with water to yield the trideoxy-threo-pentoside

(30) and with lithium chloride to give the chloro derivative (31).

° ° (299 x=F
0 OMe X OMe (30) X = OH
(31 x=Ct

(28) (ov) (o) NH2

The synthesis of radiolabelled halogeno-nucleosides is included in
Chapter 20, while the use of halogeno-sugars in synthesis is
referred to in Chapters 12 and 13.

A mechanistic study of the photolysis of deoxylodo-sugars has been
carried out. With secondary iodides epimerization was shown to
precede reductive de-iodinations, while in the presencg of oxygen a
variety of different products are formed (Scheme 9). The synthesis

+ A1 + A + \
3 0 L. N 2 00 )
1o\ 7 s ‘}— X oY

Reagent: 1, 05~ hv
9 2 Scheme 9

and X-ray crystal structure of methyl [benzyl-2-(benzyloxycarbonyl)-
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amino]-2,3,4-trideoxy-5-fluoro-«-D-erythro-hex-3-enopyranosidjuronate
(32) has been reported. Two successive allylic substitutions were
employed (Scheme 10). Treatment of (32) with methanolic ammonia
rapidly gave the diacetal (33).

CO,Me Co,Me CONH,
0 0 0
/OH v L w \F \OMe
0Bn L, OBn 08n
3 NHcogen T 0 - 81%  NHCO8n NHCO,Bn
Reagents : i, SOCL,-EtOAc ; ii, AgF (32) (33)

Scheme 10

The epoxide-assisted displacement of triflyl groups by fluoride
ion is reported to be an efficient approach to deoxyfluoro-sugars.
Benzyl 2,3-anhydro-4-0-triflyl-pyranosides undergo inversion at C-4
with tetra-n-butylammonium fluoride (TBAF) at room temperature in
good yield; thus treatment of the triflate (34) with TBAF in benzene
for 24h gave the 4~fluoro-sugar (35) in 60% yield. The mild con-

ditions avoid many of the difficulties encounter?% in fluoride-

displacement reactions of carbohydrates. The C n.m.r. spectra
0 F 0
—
TFO 0Bn 08n
0
(34) (35)

of chlorinated sugars and their parent sugars have been compared and
shifts caused by the presence of chlorine examined. 3-Chloro-deoxy-
sugars show shifts different from the previously reported

o~effects. Triphenylphosphine-f-chlorosuccinimide has been shown
to be effective for the direct chlorination of reducing sugars. In
this way, maltose was selectively chlorinated at the primary position
of the reducing moiety. 6-Bromo-6-deoxy, 6,6'-dibromo-6,6"'-
dideoxy-, 6,1',6'-tribromo-6,1',6"'-trideoxy-, and 6,6'-dichloro-6,6"'-
dideoxy-sucrose have been prepared by a modified procedure of
Anisuzzaman and Whistler (see Vol. 12, p. 68). The products were
examined as inactivators for dextransucrase but were found instead to

be weak, reversible inhibitors.
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Amino-sugars

1 Natural Products

Steroid glycosides with 2-acetamido-2-deoxy-B-D-glucopyranosyl
moleties have been isolated from.fruit pulp of the Nigerlan plant
Tetrapleura tetraptera,l and as the predatory-fish repellent

constituents of the sole Pardachirus marmora’cus,2 while the

gorgonian coral Muricea fruticosa has yielded a steroidal 2-

acetamido-2-deoxy-D~galactopyranoside and analogues with unpre-
cedented 4-, 6-, or 4,6-di-0-butyrate substituents on the sugar.3
6-Amino-6-deoxy-glucose has been reported to be a constituent sugar

of a flavonoid diglycoside from Myoporum tenuifolium leaves.

5-Acetamido-3,5,7,9-tetradeoxy-7-[(R)-3-hydroxybutyramido]-L-glycero
L-manno-nonulosonic acid has been identified as a component o1 some
O-specific polysaccharides of Shigella boydii and Pseudomonas
aerugjnosa.5 1,4- And 1,5-imino-hexitols (plant alkaloids and
glycosidase inhibitors) are covered in Chapter 18.

2 _Synthesis

The four stereoisomers of 3-amino-2,3,6-trideoxy-L-hexose, i.e.
daunosamine (1), acosamine (2), ristosamine (3), and 3-epidaunos-
amine (4), have continued to be major synthetic targets, primarily

because the first three are components of potent antibiotic sub-

stances. Syntheses of compounds (1)-(4), their racemic analogues,
0. OH
OH
CHy CH,COxH
Ho N7

1 H NH, H OH A o
( ) 2 HO
(2) H NHy OH H OH
3 NH,H OH H
3 2 CHLOH
(4) NHpH H OH ©)
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and derivatives are to be found throughout this section, which has
been arranged according to the starting point for introduction of
the amine functionality.

Weak catalysis by metal halides of the Amadori rearrangement of
D-glucopyranosylamines has been reported.6 The enaminol (5) was
the major product from reaction of equimolar amounts of D-xylose
and glycine (in DQO) for 6 weeks.7 2-Alkylamino-2-deoxy-D-glu-
coses, of interest as surfactants, have been synthesized from D-
fructose and fatty amines (with 5,7,9,11, and 13 carbon chains),
via hydrolysis of 2—alkylamino-2-deoxy-D—g1ucosylamines.8

The 2-amino-2-halo-D-altrosides (6) and 2-fluoro-L-daunosamine
(7) have been obtained by extension of the strategy (Vol.18, p.89)
by which an epoxide is converted into the inverted N,N-diallyl-

aziridinium ion intermediate (e.g. 8) which is opened with a

nucleophile. Products in Scheme 1 resulted from retention of the
nitrogen atom on C-3 on opening the aziridinium ion, while the
CH,oOH
6]
[o] X
0 HO OMe
L, MsO i NH
Ph 0 - . ~ TR n 2 (6) X=F orCL
3 2 NR 2 3 o}
R= Allyl : e Me ¢ )~OH
() HO
Reagents: L, RyNH ik, MsCL-EtaN ;i , EtyN.3HF or LiCL NH3CL
Scheme 1 )

racemic threo-pentopyranosides (9) in Scheme 2 resulted from a 1,2-

shift of nitrogen on formation and opening of aziridinium ion

0] [¢)
0 OMQ,’L—'W—-P - Mso_\ s -~ P Q. S X OMe.
\3 / \ /
2 z NR ? +NR NH
2 2 2
R=ALLyL
“ (10) (9 x=omn,Forct
Reagents: L, RyNH ; i, MsCL-EtaN ; iid, Hp0 or EEgN.3HF or LiCL;iv, Pel/C.
Scheme 2
(10).9’10 The inversion of C-6 required in the synthesis of com-
pound (7) was achieved by hydrogenation of a 5,6-alkene. Very

similar syntheses of (S)-2-fluoro-L-daunosamine and -D-ristosamine
are covered in Chapter §. Derivative (11) of the disaccharide
unit from an oligostatin a-glucosidase inhibitor has been
synthesized, by coupling the correspcnding aminocyclitcl derivative
with 2-0-benzyl-1,6:3,l4-dianhydro-g-D galactopyranose, and converted
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into the internal glycoside (12) (Scheme 3).11 In the synthesis
of a pentasaccharide with three 2-amino-sugar moieties (see

ROCH, OH [¢] HOCH, OH
0
YR
MeO N MeO
OR : 0Bn 0 N
(11) R=CD,Ph OH

OH
HO
(12 CHL0H
Scheme 3
Chapter 4), the amino function was introduced into each of the
required subunits by azide-opening of the epoxide ring of a 1,6:
2,3-dianhydro-g-D-mannopyranose derivative.12 3-Amino-3-deoxy-o-
D-manncpyranosyl 3-amino-3-deoxy-a-D-mannopyranocside has been syn-
thesized from a,o-trehalose via a bis—2,3—epoxide.13
Displacement of sulphonate by azlde has been used to introduce
the amino functionality in several syntheses. 3-Amino-3-deoxy-a-
D-mannopyranosyl a-D-mannopyranoside (13), a further analogue of

trehalose (c.f. ref.13), has been obtained from ditriflate (14)

(Scheme 4).1 Brimacombe and co-workers have reported convenlent
(0] CH,0H
0 o]
P 8n0 NHHO
0 HO
oTf [
0 0 CHoOH O
o] 0
Ph
OBn OH HO
o] HO
(1° (1)
Reogents : i, NaN3 3, Na.OBz i, NaOMe ; v, Hy-Pa/c-HCOH
Scheme 4

syntheses of N-acetyl-L-acosamine (15) and L-daunosamine (1) as its
hydrochloride from L-rhamnose via the known glycosid-3-ulose (16)
(Scheme 5). Conversion of azide (17) to L-daunosamine (1)
required inversion at C-4, and this was effected by various

methods.15

Voelter and co-workers have converted isomeric 2,3-
anhydro-4-0-trifluoromethanesulphonyl-pentopyranosides (e.g. 18)

into the corresponding 4-amino-4-deoxy-sugars (e.g. 19) or their
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HO o]
MeOCH, 0 ~— O _OMe . MeOCHL O ooMe v , KMe OH

Me .__-L) Me

~ NHAC

0 N3 ) (5)

(16) ()
Reagents: i NaBHg4 ;U MsCL-Py; ii, NaN3 ; iv, Hp~Pd~HOAC ; v, HOAc-Ho0

Scheme 5

4-aminoacid analogues (e.g. 20) with inversion at C-4 (Scheme 6)
(c.f. Vo1.18, p.90 ).1617

T£O 0 0
Lor i
o) —_— 0
OBn RHN 0Bn
(18) (199 R=H comMe O,Bn
(20) R= -CH , ~CH , ete.
Reagents ; i, NHy-Me,CO, -10%C ;ii, RNH, \~—< NS NHCO,8n
Scheme 6
Displacement of halide by azide has been employed in the
syntheses of the 6-amino-6-deoxy-o-D-glucosides (21) and (22).
CHoNHy
° (21) R'=CHyNH, ; R2=Me
on (2 R'=Me  ;RP=Et
HO O—(':HR1
OH OR?
These glycosides, while being hydrolyzed under relatively mild
acidic conditions, were resistant to yeast a—D—glucosidase.18 A

convenient synthesis of 6-acetamido-6-deoxy-D-glucose from D-
glucose in 56% overall yield involved conversion to the known
1,2,3,4-tetra-0-(trimethylsilyl)ether derivative (4 eq.
MeCONHSiMe3—py), thence to the 6-bromide (NBS—Ph3P) and 6-azide
(NaNB).19 The C-6 epimeric 6-amino-6-deoxy-heptoses (23) and
-hepturonates (24) have been synthesized by independent conversions
of the separable major products (25) obtained from condensation of
a sugar aldehyde with ethyl nitroacetate (Scheme 7).20 A
reinvestigation of the aminonitrile synthesis is covered in
Chapter 10.

Derivatives of 2-azido-2-deoxy-D-mannopyranose and the
corresponding uronic acid have been synthesized conventionally by
azidonitration of D-glucal triacetate, for use as building blocks

for bacterial polysaccharide sequences.gl The a-L-ristosamine
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CH,0H
NHAc

Cngb CO,EL Bn OH
NHAc y (23)
OH
4% 08n CO,EE
b4 Vi, Vi NHAc
(25) \» o
OH
Reagerks: L’ O,NCH,COLEL ; i, Raney Ni ~ Ac,0 i, LAH
v, CF3CO,H-H0 [ v, Pad/C-Hp ; vi, HyO™ HO 24)

Scheme 7

derivative (26) has been synthesized from L-rhamnal diacetate (27)
as shown in Scheme 8, the intermediate (28) being obtained by
stereoselective reduction of an enone precursor.1 The analogous
derivative of 3-epidaunosamine (4) was obtained by inversion at C-U
of the allylic azide (28) through sulphonate displacement.

0 OBn O 0, _0Bn AcO 0 OBn
< g:c > < > <NHA<'. >

(1) N3 (28) (26)
Reagents: i, NaNg- BF5. OEL, ; ii, NIS-BnOH ; i, NaOMe—~MeOH ; iwv, PDC; v, NaBH4 ; vi, Ac,0-Py
Scheme 8

A relatively straightforward synthesis (Scheme 9) of the methyl
2-amino-2-deoxy-R-D-mannoside (29) involved selective oxidation of
the B—D—glucoside (30) at C-2 with bromine, conversion to the

0 o]
" ooMe 0
e
OMe 2y \ LN ¢ OHHN or OH
¢} o] OMe

NOMe

(29 (e M2
(B@qwrp
Reagents : i, Br,-Hy0 (pH T) ; ik, MeONH, ; Uk, Ha-Pa/C-HCL
Scheme 9
stable O-methyl oxime, chromatographic separation of the minor
product resulting from oxidation at C-3, and reduction. The same

sequence on the a-D-glucoside led to the methyl 2-amino-2-deoxy-a-
D-glucoside (31) as the major product.23 A related oxidation-
oximation-reduction sequence for the synthesis of B-glycosidically
linked oligosaccharides containing 2-acetamido-2-deoxy-D-mannose
residues is covered in Chapter 4. Methyl sibirosaminide (32),
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identical with a sample prepared from the antibiotic sibiromycin,
has been synthesized from the known 3—C-methy1glycosid-U—ulose (33)

via oxime reduction, and N-methylation by reduction of an N-carbo-

methoxy derivative (Scheme 10) (see also Scheme 14). 2
0 OMe MeHN 0O, OMe
Me i- m'w [ Me
Me Me
OH OH
@3) (3@
Reagents: L, NHoOH =Py ; i, LAH jid, CLlCOsMe ; v, HOAc-H,0
Scheme 10
Several amino-sugar syntheses have employed 3- and 4-carbon
chiral starting materials. 2,3-0-Isopropylidene-D-glyceraldehyde

(34) has been elaborated into the 3-acetamido-2,3-dideoxy-pyrano-
side (35) and the 3-nitro-furanosiduronic acid (36) by stereo-
selective allylation of the nitronate dianion derived from nitro

derivative (37) (Scheme 11)25 and into 2-amino-2-deoxy-D-arabinose

O, OMe
- HO
V=X
HO CH,;NO
G i CREE o NHAc (35)
o, — 0>< —_— COH
0>< 0 o éﬂqx
O
(349 (37)
Reagents: i, NHoOH-Py ik, CF3C03H i Buli ; v, ~Br ;v, AcOH 5 NO, (36)

vi, 03-Me, S5 Vik, H *(Resin)-MeOM jviii , Hp - QamﬂNL ix, Ac0-Py
Scheme 11
(38) by nucleophilic addition of methyl isocyanoacetate, which
occurred with high erythro selectivity (~100%), followed by intra-
molecular cyclization to give an 8:2 mixture of oxazolines (39),

co,Me 0 COMe CHO
N [
. Ny i HCHN HoN
(349) —— o> SN oH  Ssteps, OH
0 0 OH-
oX oX CHoOH
(39 (39
Reagents: i, CNCH,COpMe- Et3N - PdCL, | i, HOAC- HQ0
Scheme 12
the synthesis proceeding via the major isomer (Scheme 12).26 A

related synthesis of 2-amino-2-deoxy-D-arabinitol is covered in

Chapter 18.



9: Amino-sugars 91

Two groups have used condensations of methyl 3-nitropropionate
with chiral O-protected lactaldehydes for the synthesis of 3-amino-
2,3,6-trideoxy-hexoses. Using the L-lactaldehyde derivative (40),
Brandidnge and Lindqvist obtained only two 3-nitrohexono-1,4-lactone
isomers, (41) and (42), in ratios between 2:1 and 5:1 depending
upon conditions; probably the other diastereoisomers isomerized at
the nitro group to give the most stable products after lactoniza-
tion (Scheme 13). Lactone (41) was converted into the L-

CHO CO,Me

0.0 NO: "
O O b
(40)

(41) R=NO,
UL w
C (43 R=NHBz (42).
Reagents: 1, O;N"> COMe ~BuPOK or KF-BugNCL ; 1, Py.HOTs i, Hy-Pd | iv, BzCL- Py
Scheme 13

ristosamine precursor (43), while lactone (42) similarly gave a
derivative of L-daunosamine (1).27 Hanessian and Kloss 1nvesti-
gated this condensation with 0-benzyl-D- and L-lactaldehydes, which
are both available from cheap ethyl L-lactate. By varying the
catalyst (i.e. neutral alumina, KOBut-ZnBrz, or KOBut—MgBrz) the
condensation could be influenced to yield the arabino-, ribo-, or
xylo-isomer [i.e. precursors of sugars (2), (3) or ()],
respectively, as the major prcduct. The N-benzoyl derivative of
L-daunosamine (1), with the L-lyxo configuration, was synthesized
by inversion at C-5 in a product with the D-ribo configuration.28

The N-phenylsulphonyl derivative (44) of sibirosamine (c.f.
Scheme 10) has been synthesized from the L-allothreonine derivative
(45) as shown in Scheme 14, involving stereospecific addition of

COuH R«
RHN ? 4 . MéN 0
I.u v o V- VW M
:‘ > RHN gTe H— Me S
Me—N
HO
OH OH
(45) Me R=50,Ph
Q*Q) (47) 644)
Recgents: i, Meli i, MeMgBr ;iii, 27 ~Mgr ; iv, MeI- Ky (Oz- Priok v, 0504~ o Nyyo 5 vi, PE-0y
vib, BubALH Scheme 14

vinyl Grignard to ketone (46) and stereoselective osmylation of
alkene (U47) (which gave a separable mixture of products in a 4:1
ratio). A related 13-step synthesis of the analogous 3-episibiros-
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amine derivative was also reported.29 b-Amino-2,4,6-trideoxy-L-
lyxo-, L-arabino-, and L-ribo-hexoses, 1.e. analogues of sugars
-(3) respectively, in which the 3-amino and 4-hydroxy functions
are interchanged, have been prepared as their N-trifluoroacetates
from the chiral synthon (48), derived previously from cinnamaldehyde
and Baker's yeast. The strategy used is illustrated in Scheme 15
for the synthesis of the L-ribo isomer (49), in which an epoxide is
intramolecularly opened by an adjacent carbamate moiety. 30

\ o A
1] 0
HO BnHNC-O )
><o —— e Bn,N oY, Me OH
0 0= CF ,COHN
Me Me

OH
(49) (49)

Reagents i, KOBW ; ii, Li-NHg ; lii, LLOH-EEOH ; iv, (CF3CO),0 ; v, Oy~ Me,S

Scheme 15
A variety of achiral, non-carbohydrate materials have been con-
verted into amino-sugars, the products, with one exception, being
racemic mixtures. Racemic daunosamine (1) has been synthesized
from the furan adduct (50) by a process involving two Baeyer-
Villiger oxidations (Scheme 16).31 Danishefsky and co-workers

lb éb om0

oL- (50)
Reagents: i, PhSCL; ik, NaOMe ; iil, CHy0; v, Raney Ni ; v, KOBut-MeI ; vi, MCPBA-NaHCOy ; vii, MeOH- H*

viie, MelLi ;ix cpsco_,,ﬂ x,NaN3 ;xi, Hp- Pd/c xii, NHg-MeOH ; xiii, H30"
Scheme 16

have employed their Lewis acid-catalyzed hetero-Diels-Alder strategy

to synthesize dihydropyrones suitable for elaboration into the
derivative (51) of DL-dauncsamine (1) (Scheme 17) 32 and methyl

"o 0 o 0
0 OMe 13 Me / w-v Me Vi Me
M 820 Bz0 OMe BzO OMe
0] NOAc NHAc

OSiBu'Me
) i oL-(51)
Reogents : i, BF OEL, ;ii, Hg(0AC),~MeOH ; i, NaBH3 CN ; v, NHaO0H ; v, Ac, 05 vi, BoHeg
Scheme 17
B-DL-1lincosaminide (52) (Scheme ].8).33 In the former synthesis
the amine group was introduced by reduction of an oxime acetate.

In the latter synthesis, a highly stereoselective "off-template"
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Me

é i

HO 5
ii - v, m V. 9 steps
\ / OMe ———+ OH
pL-(52)
OSiMe
> © (59
Reagents: i, BF3.0Et, ; il, NaBH,- CeCly ;ili, B2CL-DMAP-EtaN ; iv, MCPBA-MeOH , v, NBS- H,0
Scheme 18

functionalization of the 6,7-double bond in compound (53) was
achieved (step v), although the subsequent introduction of the
amine group required a multistep procedure via 6,7-epoxide and
~N-phosphorylaziridine intermediates. The hetero-Diels-Alder
reaction illustrated in Scheme 19 has provided an entry into
branched-chain amino-sugars of the garosamine type.3

—0 °
MeOZC{ + </ Bl MeoyC @»osc
OEt

NHAc
Reagents : t, 4 i, BFy. OFt,
. Scheme 19
Intramolecular dipolar cycloaddition of the nitrone (54), which

has a chiral substituent on nitrogen, gave an 82:18 mixture of
isoxazolidines (55) and (56), respectively. The major isomer (55)
was converted into the methyl glycosides (57) of L-acosamine as
shown in Scheme 20, or into the methyl glycosides of L-daunosamine

Me -0 R

. e
\ NMeZ _ g ______ /r‘«:R 0—N
YF )
)

H

NHy  (57)

Reagenkts: i,RNHOH jii , Bub At ;i MeOH -,
b, M-/ Scheme 20

by a related sequence including an inversion at C-4 through

mesylate displacement.35

Intermolecular dipolar cycloadditions of
furan with nitrile oxides have been employed in syntheses of
racemic aminodeoxy-aldose (58) and (59), and -dialdose (60)

derivatives (Scheme 21).36’37
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o] ____’__,’—f———"‘? OH
R-CNO +
N \: /; O R HO
\ NH2 CHZOBuF

0

oL-(58)
pL- (59) R= CH,0Bu*
Reagents: L, BFy.OFt, ; L, 04 ui, Me, C(CHO0H) 5 HY 59 2
w, LAH v, MCPBA MeOH PL= (60) R= «< :><

Scheme 21

Racemic daunosamine (1) has been synthesized in eight steps, in
>30% overall yield, from l1-(2-furyl)ethanol (61) as shown in
Scheme 22; allylic imidate (62) was synthesized by a modified

" - 0 OMe j‘m o 0 OMe
@_( e — 5 O@ w"—’) K‘; ;’. Me Br
0 OH N

O N_© 0
Z a
bL.- (61) 1: \é/h Eb0+NBz \\\'/L\;lvl'u})
Reagents: i, Bry"MeOH i, HCO,H-MeOH ; i, NoBHa ; bL-(62) bL-(1)

v, PhaP- DEAD- HNBzj ; v, NBS-ELOH vi, H30%;

vu Bu.3SnH viid, OH™ Scheme 22
Mitsunobu reaction and used to introduce the amine group by intra-
molecular cyclization. Since both enantiomers of (61) can be pre-
pared, this procedure could be used for the preparation of optically
active ma‘terial.38

Three groups have elaborated derivatives of sorbic acid (i.e.

hexa-2,4-dienoic acid) into amino-sugars. Hirama and co-workers
synthesized all four racemic 2-acylamino-2,3,6-trideoxyhexoses
(1)-(4) from ethyl sorbate (63). The double bonds were
functionalized in sequence by standard stereoselective hydroxylation
procedures followed by intramoclecular Michael addition of a 3- or

4-0-carbamoyl group as outlined in Scheme 23.39,140 The racemic
Co,Et 0,Et CO,EL COsEE Me o
\ \
—_— —_— or 0'< — HO oH
\ RO Et, Si0
OCONH, OCONHZ
Me Me (1';HR(4J
(63) R = CONHpor 5iEts
Scheme 23 R=AcorBz

isopropylidenated erythro-diol (64), synthesized from methyl
sorbate by a similar strategy, has been converted into a separable

mixture of the N-acetyl derivatives of DL-acosamine (2) and DL-
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desmethylholantosamine (65). The formation of this latter Ui-
CO,Me CONH,
7/ CHe AcHN
o __:._) NH2 LL,
X °
0 X
Me Me NHAc
pL-(64) (o) N-Ac-DL-(2) oL~ ( 65)
Reagents: i, NHz-MeCH ; i, Ac, O~HCL ; ik, B“z ALH
Scheme 24

amino-sugar involves an as yet unexplained intramolecular rearrange
-ment during the lactone formation (step ii, Scheme 24), but its
identity was confirmed through an X-réy structure determination of

a derivative.ul

Methyl 3-deoxy-3-methylamino-DL-arabinopyranoside
(66) has been synthesized from sorbic aldehyde via an intramolecular

N-sulphinylcarbamate Diels-Alder adduct (67) (Scheme 25),
CHoOCONH, BnO,,
OBn

Ho,, /L 0
) : NTO oM
i | HO e

s HO
Me. Me NHMe
oL~ (67) oL- (66)
Resgents: i, SOCL,-Py ik, PhMgBy ;i HN } 1iv, LAH ;v, Na-NH3 jvi, TsOH Vi, O3 vilé, Me,$S
Scheme 25
strategy used previously tor the synthesis of desosamine (Vol.18,
p. 96).42

The synthesis of an optically active isoxazole derivative,
which would be suitable for conversion into amino sugars, is
detailed in Chapter 10.

3 Reactions

Several l4-alkylamino-4,6-dideoxyhexose derivatives of D-glucose,
and of maltose, 2'-deoxymaltose, and 4-0-(a-D-galactopyranosyl)-D-
glucose substituted in the non-reducing moiety, have been
synthesized from the corresponding amino-sugars by reductive
amination (NaBHBCN) of ketones (e.g. acetone, cyclopentanone, and
cyclohexanone) and aldehydes {(e.g. benzaldehyde and 2,3:4,5-d1i-0-
isopropylidene-D-arabinose), as part of a study on acarbose
related a-glucosidase inhibitors.u3 13C—N.m.r'. data have been
recorded for the Amadori rearrangement products 1-N-{(p-methyl-,

-ethyl-, and -methoxy-phenyl)amino-l-deoxy-D-fructoses, which are
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predominantly in the B-pyranose form.uu Mass spectral investi-

gations of certain dimethylamino-sugar derivatives are covered in
Chapter 22.

Japanese workers have reported extensively on the synthesis of
lipid A analogues, which contain 4-0-phosphoryl-2-amino-2-deoxy-D-
glucose units N-acylated with fatty acids, 3-hydroxy- or 3-(fatty
acyloxy)-fatty acid moleties. This work is covered in detail in
Chapter 7, and to lesser extent in Chapter 3. N-Acyl derivatives
of methyl 2-amino-2-deoxy-a-D-galactopyranoside have been
synthesized conventionally from the free amine, 1n connection with
a study of their binding affinities with isolect:ins.”5 Bis-N-
(complex fatty acyl) derivatives of 6,6'-diamino-6,6'~dideoxy-a,a-
trehalose have been synthesized as analogues of the mycobacterial
glycolipid trehalose 6,6'-dimycolate and their lethal and
adjuvant activities examined.u6 The oxazoline derivative (68)
suffered elimination on glycosidation as shown in Scheme 26,
whereas the unacetylated analogue (65) did not undergc

elimination.u7
CHOAc
OAc ! — —
AcO 2 0 2 2
N_LCHZCHOR (C"'z) Me  NHCO_Z~(CHyp)oMe
(6%) R=Ac (CHa ) oMe
(69) R=H

s L LU [o]
Reagents: i, TSOH  ii, #~~0H Scheme 26

Binding of gadolinium(III) ion to two core 0O-linked glyco-
peptides [i.e. B-D-Gal-(1 » 3)-a-D-GalNAc-Ser and -Thr] has been

shown by 130-

n.m.r. and spin-lattice relaxation time data to be
close to C-2 of the acetamido-sugar moieties. As part of a
study on the dissolution of chitin, the effect of lithium chloride
on the lH-n.m.r. spectra of 2-acetamido-2-deoxy-D-glucose and
methyl B-D-chitobioside in N,N-dimethylacetamide has been
examined.u9 The influence of trifluorocacetylation on the 130—
n.m.r. chemical shifts of 2-acetamidosugars is covered in Chapter
21.

The thiourea derivatives (70) have been synthesized by reaction
of arylamines with the corresponding sugar isothiocyanate.so

Pyrolysis of 2-acetamido-2-deoxy-D-glucose in vacuo gives a tar
from which 3-acetamidofuran, 3-acetamido-5-acetylfuran, and

acetamidoacetaldehyde have been isolated; 3-acetamido-5-methyl-
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furan, acetamido-substituted 2- and U-pyrones, and hydroxydihydro-
pyran-4-one have been tentatively identified, in addition to

acetamide, by pyrolysis capillary g.c.-m.s.51
CHy0AC CH, OAc
0. OAc O OMe
71) X =Cl
OAc (70) R = -C4HgX, or 2-naphthyl ; OAc X ) r
AcO X = EtO,Me0,or NOo AcO /N—\Q «0 N-O
NHCSNHR NH N :(—\/
N=<

CL
Using two model ocligosaccharide alditols, factors affecting the
reactlvity of 2-acetamido-2-deoxy-hexopyranosides in the hydra-
zinolysis-nitrous acid deamination sequence have been investigated.
Hydrazinolysis in the presence of hydrag;nium sulphate led to

virtually quantitative N-deacetylation. Another reference to

this procedure can be found in Chapter 10.

The 1,3,5-trlazine derivatives (71), useful as spectroscopic
probes, have been synthesized by displacement of chlorine from
2,u,6-trichloro—l,3,5—triazine.53 A variety of 3-aryltriazen-1-yl
sugar derivatives, such as the xylose derivative (72) or its N-
methyl analogue (73), have been synthesized from the corresponding
amino- and methylamino-sugars, and their tautomeric or rotameric

CHyX COpMe
(@)
OMe

(72) X = NeNNH

o) CONHy
o)g’ (13) x= NMe-N:ND

properties have been investigated by n.m.r. methods; none of these

derivatives had anticancer properties (c¢c.f. earlier work by

Tronchet and Rachidzadeh, Helv. Chim. Acta, 1979, 62, 971).Su
2-Amino-2-deoxy-D-gulose (74) has been synthesized from 2-amino-

2-deoxy-D-glucose via the glycoside derivative (75) (Scheme 27).%5
CHyOTr CH,OH
o] o - ) HO Q
+/ o L-ii 4% 0 iv,v,iv oH
HQ3 OMe 3 )
NHAc OH NH
2
(78) (79
Reagents: i, BzCL-Py; i, MsCL-Py ; i, NaH-DMF ;iv, HaO' v, Ac,0-Py
Scheme 27

2-Acetamido-1,6-anhydro-2,3-dideoxy-B-D-ribo-hexopyranose (76) has
been synthesized from the corresponding 2-amino-2-deoxy-D-glucose
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derivative (77), via the thlazoline derivative (78) (Scheme 28).56

o]
o]
BnO 2 (——2(

NH, NC$ S /N (76)NHAC,
(77) om (18)
Reagents: i, CSp ik, T, ;iii, TSCL-Py ; iv, Et3N-MeOH ; v, HCL~ EXOH ;vi, NaOH ; vis, Ac0 ; vil, Raney No
Scheme 28

References to branched-chain amino-sugars and to amino-sugar

nucleosides can be found in Chapters 19 and 20 respectively.

4 Diamino~-Sugars

Azide displacement of the 3-0-mesylate group in the 2-amino-sugar
(79) has yielded the azido-sugar derivatives (80)-(82) in 31, 7,
and 18% yields respectively (Scheme 29), indicating that the C-2

0 OMe )
v R
—_— . + ~Ng + . Ny
\ﬁ—q E__ﬂ — No,
NHR Na NHR R= NO,
(19) (89 (81 (82)
Reagents : i, NaNy - DMF
9 ? Scheme 29

substituent competes with azide as a nucleophile te form an inter-

mediate 2,3-aziridine. Several related reactlons and products

57

were detailed. Further details on the synthesis of racemic

diaminosugars,e.g. (83) and (84), from 1,2-dihydropyridines and

nitrosobenzene (c.f. Vol.16, p.94) have been published.58

1
R CO,Me
Vant

(83) R'=R®=4
OR RO (84) R1=Mé,R2 —Ac
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Miscellaneous Nitrogen Derivatives

1l Glycosylamines

2,3,4,6-Tetra-0-acetyl-p-D-gluco- and -galacto-pyranosylamines (1)
have been obtained from the corresponding glycosyl azides (2) by
Staudinger reaction followed by hydrolysis of the intermediate
phosphinimines (3); alternative reactions of intermediates (3)
with carbon dioxide yielded the 1,2-trans-carbamates (4)

(Scheme l).l Attempts to react the D-glucosyl derivative (1) with

CHyOAc
CH,0H O_ NHy
O Ny w N=PPhg = AcO~X OAc
3
HO oH 1 LA 1 s CH,OH
M ( ) OAc O\\/NH

w 1

OH ® \___} HO o
® o
OH

Reagents: i, PhyP; i, HCLO4-Ac,0 ; ik, HpO ; iv, CO, €]

Scheme 1

a-halocarboxylic acid esters (with NaHCO3 in MeECO) led instead to
bis(2,3,4,6-tetra-0~acetyl-g-D-glucopyranosyl)amine. The same
report described the Schiff bases formed by reaction of compound
(1) with substituted benzaldehydes.2 The synthesis of 1-N-alkyl-
2-alkylamino-2-deoxy-~D-glucopyranosylamines from D-fructose and
fatty amines and their hydrolysis to the free 2-alkylaminosugars
have been described.3 Anomer effects in 2-substituted tetra-
hydropyrans have been determined by variable-temperature n.m.r.
techniques; 2-methylamino substituent prefers the equatorial
position, whereas other substituents (2-Cl, -OMe, or -0H) prefer
the axial position.u 3¢_N.m.r. data on N-(m- and p-substituted
phenyl)-B-D-glucopyranosylamines and their peracetates have been
r-epor'ted.5 A kinetlic study on the hydrolysis of piperidine N-
glycosides at pH 5.33 has shown the following order of decreasing
stability: S-D-glc>a—D—man>a—D—ga1>B—D—rib>arabinosides.6 N-
Aryl-g-D-glucosylamine peracetates and their corresponding methyl

101
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uronate analogues have been synthesized by trimethylsilyl triflate-
catalyzed reaction of peracetylated B-glycopyranoses with N-acetyl-

7 Previous work on the synthesis and conformation of

arylamines.
N-phenyl-2,3,5-tri-0-(p-nitrobenzoyl)-B-D-ribofuranosylamine (Vol.
12, p.82) has been extended to include p-chloro- and m-nitrophenyl
analogues and thelr N-acetyl derivatives.8 Attempted displace-
ments of the 2-mesyloxy groups in N-acetyl-N-aryl-g-D-xylopyranosyl
-amines (5) with azide yielded products (6)-(8) due to partici-
pation of thikg-acetyl group or by 0-S bond cleavage (Scheme 2);

. A e
o N\Ar . ~ " N\Ar " N\AT
0Bz —_— Ac_O)“ NHAr + T\% + _2/1
2
BzO — —3 (
OMs OH
©) ®) (" ®
Reagents: v, NaNy- DMF Ar = —@-X , X=ClorOMe

Scheme 2

in contrast, conventional displacement with inversion occurred in
a related 4-mesylate and in the C-2 epimer of (5).9

a-L-Arab;nofuranosyl pyridinium salt, its tri-0-benzoate, and a
variety of analogues with a U4-bromoisoquinoline or substituted
pyridine moieties have been synthesized conventionally and their
conformations studied. Hydrolysis of the 4d-bromoisoquinolinium
salt has been examined in detail, particularly under alkaline
conditions.lo

Nephritogenoside (9), the first example of a glycopeptide with

[
a—D-Glc—(l+6)—S—D—G1c—(l+6)—a-D—Glc—§C—(peptide) (9)

an o-glycosylamine linkage, has been isolated from the glomerular
basement membrane of rats.ll Model glycopeptides with N-(per-
acetylated 2-acetamido-2-deoxy-8-D-glucopyranosyl)ated aspartic

acid moieties have been studied by lH—n.m.r'., but no specific intra-

molecular interactions were detected.12 The hydrazinolysis-N-
reacetylation of 2-acetamido-1-N-(L-aspart-4-oyl)-2-deoxy-B-D-
glucopyranosylamine has been studied as a model for the analogous
treatment of glycopeptides. The glycosylhydrazine (10) has been
ldentified as the intermediate formed during the N-reacetylation
step, which gives rise to 2-acetamido-2-deoxy-D-glucose on final
mild hydrolysis.l3

Reaction of 0-(tetra-0-benzyl-a-D-glucopyranosyl)trichloro-

acetimidate with o-chlorobenzoic acld in acetonitrile gave, in
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CH,0H CHy0Bn A 0 NH
O_NHNHAc o] N\ 0] 7:0‘
ﬂ J f Y HO @]
HO NH HO
H

OO) (“) (2) © (13)

addition to the expected 1l-0-acyl derivative (24% yield), the di-N-
acylated glucosylamine derivative (11) (56% yield) incorporating a
molecule of solvent.lu The cyclic carbamates (12), (13), and
D-gluco-(4) have been obtained on treatment of 3-glycosyl-l-methyl-
l-nitrosoureas containing a-D-arabino-, B-D-xylo-, and B-D-gluco-
pyranosyl moleties, respectively, with aqueous alkali.15
Hydrolysis of the anhydronucleoside (14; X = 0) led to the B-D-
arabinofurano-oxazolidine derivative (15), whereas its thio-

analogue (14; X = S) gave the imine (16) (Scheme 3).l

0

0 HN
w\N’\)\N”? }N/\/CON‘
i,X=0 oN,
X0 %

: A\

AcOCH,

—ixes ® e
OAc
(I4) X=QorS$S

Reagents: 1, HOAc-H,0 Scheme 3

The N-glycosides (17) have been obtained from the reaction of
xylose or glucose with Ll-aminopyrimidines,17 and the thermal
behaviour of their 5-nitroso derivatives (18) has been examined.l8
Exposure of DNA to the carcinogen (19) gives fhe 2'-deoxy analogue
of compound (20) which is a ring-opened guanosine derivative.
Compound (20) has therefore been synthesized by coupling a ribo-
sylamine derivative to a suitable chloropyrimidine derivative, to
pursue studies of the DNA-carcinogen reaction.19 6-(D-Gluco-
pyranosylimino)-1,3,5-thiadlazine derivatives have been synthesized

by reaction of the corresponding dithiobiurets [RNHC(SBn)=NC(S)NH-

o NHR NHZ

LOH O
RN l % R'= 8-D-Glep or B-Dxylp. R- N =< —<\ NH 2
MSZK\N NHR1 R?= HorMe | / S = @ O

(19) NHy
B-0-Rib-f

17) X=H
( ) }Z= Oor S (20)

(13) x=no
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Glc] with phenyl isocyanide dichloride (PhN=CC1,),°% and an N-
glucosylated xanthine derivative has been obtained by cyclization
of a 6-acetamido-5-(B-D-glucopyranosylacetamido)-uracil deriva-
tive.21 Other N-glycosylated heterocycles are covered in sections
5 and 6, and Chapter 20.

A triterpene glycoside 1socyanate derivative derived from
glycyrrhizic acid has been converted into a variety of correspond-
ing urea and carbamate derivatives.22

N-Glycosyl-thiourea derivatives of D-glucose, D-galactose, and
D-glucosamine have been syntheslzed by coupling peracetylated g-D-
glycopyranosyl isothiocyanates with aminesz3 and a—aminoketones;zu
with a-aminoacetone, cyclization occurred to give the imidazole

nucleoside analogue (21), which could be desulphurized with Raney

nickel. Attempted cyclization (Me2CO—H3O+) of the isothiocyanate-
derived thiourea (22), which was expected to yield a 5,6-dihydro-
Me
— B-D-Gle(Ac),- NHCSN(EE) CH,y CHyCN
Gly-NHCSNHCH COMe — ¢ NH (22)
Gly g (8-0-Glep-NHCSNH Y
- 2
@) (23)

2-thiouracil derivative, was not successful, leading only to hydro-
25 Di-N,N'-8-D-gluco-
and galacto-pyranosyl-dithiocarbamyl hydrazines, e.g. (23), have
been synthesized by coupling peracetylated glycosyl isothiocyanates
and 3—(glycosyl)thiosemicarbazides.26 The method by which
enantiomeric amines can be converted into dlastereoisomeric

lysis of the nitrile function to an amide.

thiourea derivatives for h.p.l.c. analysis by reaction with
2,3,4,6-tetra-0-acetyl-p-D-glucopyranosyl isothiocyanate (c.f.
Vol.18, p.107) has been extended to the analysis of sulphate con-
jugates of adrenergic drugs such as 4'-hydroxypropranolol
sulphate,27 the antiarrhythmic drug mexiletine [1-(2,6-dimethyl-
phenoxy)—2—am1nopropane],28 the engzymatic hydroxylation products of
g—acetyldopamine,29 and chiral oxirans following reaction with
simple volatile alkylamines.30

Glycosyl isoselenocyanates have been synthesized from the iso-
cyanides, as shown in Scheme 4 for the D-glucosyl derivative (24).
They are air sensitive, unstable at room temperature, and could not
be deacetylated. They could be converted into the somewhat more
stable selenoureas (e.g. 25) or reduced to 1,5-anhydrohexitols
(e.g. 26). 2,3,4,5,6-Penta-0-acetyl-D-gluconyl isoselenocyanate
was obtained from the corresponding acid chloride and potassium
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CH,y0AC < NHCNHPh

n
; )
0. NC L  NeCsSe U > k>/ Se (25
OAc ! _— 1 L
AcO ¢ — :>/H
Ohc (24 VA CD)

Reogents: {, Se-EtaN ; i, PhNH, ;i BugSnH

Scheme 4

selenocyanate.31

The formation and cleavage of four-membered ring lactams from
[2+2]cycloaddition of p-toluenesulphonyl isocyanate to glycals
under high pressure is covered in Chapters 13 and 14.

Amadori rearrangements of glycosylamines are covered in
Chapter 9. Several studies have examined the Maillard reaction.
Volatile products from reaction of D-glucose with butylamine32 and
with glycine33 have been examined by g.c.-m.s. Melanoidins have
been isolated from the reaction of glucose with glycine using
strong anion exchange resins.gu Those non-dialysable melanoidins
formed from mono- and di-saccharides with L-tryptophan have been
shown to be mutagenic only after nitrite treatment.35 Maillard
polymers have been synthesized from D-[1- and 6—1uc]g1ucose and
[1- and 2—luc]glycine, as well as [1- and methyl-luC]methionine.
Radioactivities of the isclated polymers were monitored as a

function of time. D-Glucose carbons showed the largest incorpora-
tion, and C-1 of the aminoacids the lowest, with the evolved CO,
36

arising primarily from this latter carbon atom.

2 Azido- and azi-sugars

Azido-sugars are often intermediates in the synthesis of amino-
sugars (see Chapter 9, and ref.9 above}

Reaction of 0-(tetra-0-benzyl-o-D-glucopyranosyl)trichloro-
acetimidate with hydrazoic acid gave the a-glycosyl azide (61%
yield).lu 6-Deoxyhexopyranosyl azides have been made from the
corresponding 6-deoxy-glycosyl acetates (with Me3SiN3-Sn01u) and
their conformations probed by 1H—n.m.r. spectroscopy.37 The 130—
n.m.r. spectra of a number of glycosyl azides (some synthesized
for the first time), including some 6-deoxy- and 2-acylamido-2-
deoxy- examples, and of some 2- and 3-azido-monosaccharide deriva-
tives have been unambiguously assigned using 2D-n.m.r. technilques.

Values for 1 were determined, coupling involving an equatorilal

Ie,n
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hydrogen being larger by 4-9 Hz than that involving an axial
hydrogen.38

1,6-Anhydro-2-azido-2-deoxy-B-D-glucopyranose derivatives have
been synthesized from 1,6—anhydro—B—D—mannopyranose,39 and 3-0-
acylated 4-azido-2-0-benzyl-4,6-dideoxy-a-D-galactopyranosyl
bromides (building blocks for oligosaccharide synthesis) from
methyl Z—Q—benzyl—u,6—9—benzylidene—D—glucopyranoside,uo by con-
ventional procedures involving sulphonate displacements with azide
ion. The 3,4-diazide (27) was the major product (77%) from
reaction of B-L-ribo-epoxy-tosylate (28) with azide ion, the minor
2,4-diazide (29) resulting from the alternative opening of the

epoxide at C-2 (Scheme 5). Analogous reaction of the a-D-ribo-

TsO 0 ' 0 o)

C o)y —— HO)  + OH
0Bn Ns 0Bn N3 0Bn
Ny Ny
(28) @7) (29
Reagents: {, NaN3z- DMF
Scheme §

epoxy-tosylate [i.e. the a-anomer of (28), but in the D-series]
gave similar amounts of 3,4- and Z,H—diazides.ul a-Azidoalcohols

have been obtained with high stereoselectivity by the substitution
of cyclic sulphites (the synthesis of which is covered in

Chapter 7) by azide ion (NaN3—DMF, 110°0). Thus L-arabinoside
(30) gave the U-azide (31) in 92% yield, and the D-ribofuranoside
(32) gave the 3-azide (33) in 63% yield.'2

CH,OH CH,0H
7 ° ° o) 0 0.0Bn

/ Q OH me

o”S OMe N, OMe OMe N3 OMe AO 3
OBz OBz " 1

(39 @) o._.©

33 34

I (32) (>» (39

2-Azido-2-deoxy-D-mannose and -D-mannuronic acid, and various
derivatives includlng glycosyl bromides, have been synthesized as
building blocks for bacterial polysaccharide sequences via
43 Benzyl 3-azido-2,3-
dideoxy-2-iodo-hexopyranoside derivatives [e.g. (34) from L-fucal
diacetate] have been synthesized from 3-azidoglycals (available
from addition-allylic rearrangement of acetylated glycals with
azide; Vol.l5, p.94) by reaction with benzyl alcohol-N-iodo-

succinimide; conversion of these 2-lodides into 2,3-unsaturated

azldonitration of glycal derivatives.
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derivatives is detailed in Scheme 8 of Chapter 9.““ The synthesis
of novel azido analogues of anthracycline antibioties is covered in
Chapter 19.

Reactions of 6-azido-6-deoxy-o-D-galactose and methyl 2-azido-
2-deoxy-a-D-altropyranoside with triphenylphosphine (the Staudinger
reaction) has been shown to yield unstable sugar phosphinimines
analogous to those formed from the glycosyl azides in Scheme l.l

4-Azido-U4-deoxy-D-galactose, U-azi-U-deoxy-D-xylo-hexopyranose
(35), the related diazirino systems (36) and (37), and 4-0-(2-
diazo-3,3, 3—trifluoropropionyl)-D—glucose (38) have been synthesized

CH 2OH CH, 0 CHpOH
[e] O—N o]
M OH OH
CF.
OH 3)\/ OH
(35) (3 e) 37 (@3®

and tested as photolabile sugar derivatives for affinity labelling

of sugar-binding proteins; the best results were obtained with the
diazirino systems (35)-(37); which were obtained from the carbonyl

precursors (using NH3-NH2OSO3H, then 2[2-Et3N).u5

3 Nitro- and Nitroso-sugars

Nitro-sugars have been synthesized by addition of nitromethane to
four aldehydo-sugar derivatives, and their stereochemistry
investigated. The 6-nitro-sugar (39), obtained as a single isomer
under mild conditions, was converted to the range of novel deriva-
tives shown in Scheme 6, via the nitroenocse (LIO).M6

Cchwz NO,

NO2 Me
/ﬂ BnN
NO
CHaNO, 2

CHO
o < v CH2N02
4L OMe s A
vid VIM- 2
o o (39) (40) CHyNO,

o]

7 P(0)(OEL)
NO, 2

(Ebo)zp y .

A ¢

V) >
Reo.senfé i, MeNO,- MeDNm,w,AcZO Na.OAc ; iii, NaBH4 ; iv, HoOp-No.OH 5 3 v, BrNHy 5 vi, C >Me ,Buli;

Vii | Bry 5 Viik, Ag,C0g 5 ix, (EEO),P - Prtde ; x (Eeo)3 - ELOH
Scheme 6
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The branched-chain nitro-sugars L-rubranitrose (2,3,6-trideoxy-
3-C-methyl-4-0-methyl-3-nitro-L-xylo-hexose, 41), its D-enantiomer,
and a derivative of D-kljanose (2,3,4,6-tetradeoxy-4-methoxycarbo-
nylamino-3-methyl-3-nitro-o-D-xylo-hexose, 42) have been synthe-

sized as outlined in Schemes 7 and 8. 7 Other branched-chain
O OMe | » 0 oMe
Me e
K NHAC y @ D K y
L (41)
Reagents: L, MeI-NaH ;ii, Ca-NHa (8) ;i MCPBA ; v, H*
Scheme 7
D (40 Me

MeO,CHN 0]
— Me
OMe

NO2 (42)
Scheme 8
nitro-sugars, including L-decilonitrose,are covered in Chapter 14.
Displacement of nitro-groups (with BuBSnH) in ketose derilvatives
such as compound (43) provided sugar radicals which have been con-
densed in situ with acrylonitrile to yield di-C-glycosides such as
compound (HM).ug

(43) R=NO,
(44) R= &~~~

CN

Acyclic sugar nitro-olefins have been condensed with cyclo-
hexane-1,3-diones to give bicyclic oxime products as shown in

Scheme 9.50 Various l-deoxy-l1-C-nitro-pentitols and -heptitols
CHNO, CHoz NGz ° R OAc
gH 5 NOH ~ AcO

+ & I R N / OAc
R 0 R "H OAc
o] CHy0Ac
R rts: L, EtaN - MeOH
eage it ¢ Scheme 9
and thelr benzylidene derivatives have been synthesized from D-

51

glucose.
Reactions of 1-C-nitroglycosyl halides and 1-C-nitroglycosyl

sulphones (e.g. U45) with dialkylphosphite anions proceed by

competing nucleophilic attack of the anion on the nitro group
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leading ultimately to the nitrile phosphates (e.g. U46) and single
electron transfer to give 1-C-nitroglycosyl phosphonates (e.g. 47),

° — X
><O O N02 X “ I NOZ O
<N —— >=Nop(o)(ost)2 + ?(
N < p(oEY)
SOZPh é/ 2

(45) (47)

K P(0)(0EE),~ DMSO- hv

Reagerts : i

)

Scheme 10
as exemplified in Scheme 10; while sulphone (45) gave mainly the

phosphonate (47), its anomer gave mainly the nitrile (M6).52

4 Nitriles, Oximes, and Hydroxylamines

All four 2,3,5-tri-0O-benzoyl-D-pentofuranosyl cyanides with the
1,2-trans-stereochemistry have been synthesized from the correspond
~ing 1-0-acetates (with Me381CN-SnC1u); their c.d. spectra have
been interpreted by the exciton chirality method.53 The synthesis
of a~-aminonitriles by addition of hydrogen cyanide and alkylamines
to D-glucose, D-galactose, and D-mannose has been reexamined, and
new products have been obtalned depending upon the conditions as

well as the sugar. As shown in Scheme 11, the a-aminonitriles
(U8) can be transformed into the lactone-imines (49) or (50), or
(0]
NH
RHN RNH,
X =
N HO (49) Ou NHR 0
RHN ~ NH;
OH RHN—C = NH RHN = RHN F=NR
HO RNH, I X NHp X
X OH HO N HO (50)
HO CHOH
(48) X R=EtorBu, X= HOH
) CHZOH
Scheme 11

into the heptonamidines (51).5u The synthesis of an aldononitrile
derivative 1s covered in the preceeding section on nitro-sugars.

A variety of oxidants (i.e. MnO,, Hg(OAc)Z-NaECO3, or
02—Cu2012-py) have been used to convert aldose oximes into aldono-
lactone oximes. Free sugar oximes gave products such as the D-
gluco example (52) with a Z-configuration, whereas 2,3:5,6-di-0-
isopropylidene-D-mannose ylelds an E/Z mixture (c.f. Vol.16, p.11l1
and Vol.18, p.111). Beckmann rearrangements were demonstrated
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CH,OH CH,a0AC
0 OH AcO
¢ 0
OH N SOH i, R
HO oAc =N T ?(NO —> D=N~0P(EY,
< o
OH 0
(52) NHAc
Reagents: i, NBS-NaOAc -H,0; il , NaP (0)oet),
Scheme 12
with two Z-isomers to yield ring-expanded products. Aldonolactone

oxime phosphates were prepared via bromonitroso compounds as

exemplified in Scheme 1

5.5

Vasella and co-workers have examined nucleophilic additions of
dialkylphosphite anions [e.g. LiP(O)(OMe)Z] to N-glycosyl-nitrones,
e.g. (53) and (54), leading to N-glycosyl-hydroxylamine deriva-

><2 0 Gyr= { ><co> 0

-o” ﬁ
0”0 CHp0BN 050! N 7
-t ¢
SOL AP0, 0"
HO™ Y
CH,0Bn (54) (56) (57) Co2Me

tives, e.g. (55)56 and (56)57 respectively, with high stereo-
selectivity. Chiral oa-aminophosphonic acids were synthesized from

such adducts, e.g. (S)-phosphoserine from compound (55). 1,3-

Dipolar cyclocaddition of methyl methacrylate to nitrone (54) gave

the tricyclic hydroxylamine (57

).57 These results indicated that

reactants approach the nitrone so as to generate a lone pair on

nitrogen syn-coplanar with the C(1)-0 bond. Tronchet and co-

workers have similarly stereoselectively synthesized a-hydroxy-

amino-sugar phosphorates [e.g. (58)] from the sugar nitrone (59)

(Scheme 13) and its C-3 epimer, which can be obtained from the

Me
o
MO—

OH ?

(59

N O
5 ° (Eto)2 \]/ = —Ev)
0o

oH 0
EtO P
tf I{JMe (€ tO) llj+ ( )2 2

5® (60) (0

Reagents : L, (EL0),P(OH-NaOEL; i, DPQ ; i, NaBH4

Scheme 13
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corresponding 5-aldehydo-sugar derivatives and N-methylhydroxyl-
amine. Oxidation of hydroxylamine (58) yielded the cyclized
nitrone (60), which gave the a-aminophosphonic acid derivative (61)

on reduction. Air oxidation of hydroxylamine (58) and similar
compounds gave nitroxide free radicals which were studied by

58
e.s.r.

Methyl 6-decxy-6-hydroxyamino-o-D-glucopyranoside has been syn-
thesized by oxidation of the 6-amino-glycoside to a 6-oxime
(H ,-Na tungstate), and reduction (NaBH CN); 6'-N-hydroxy-
kanamycin A and 6'-N-hydroxydibekacin were similarly obtained. 59

In connection with carcinogenicity studies, Yoshicka and co-
workers have synthesized N-glycosylated N-arylhydroxylamines by
direct condensation of the hydroxylamine with unprotected D-gluc-
urcnic acid salt or lactone. 0 The O-glycosylated analogues were
obtained by the orthoester glycosidation method;6l’62 acid
hydrolysis of the N-acetyl derivatives of the latter yielded D- 63

glucono-1,5-lactone and the corresponding amine by redox fission.

5 Hydrazines, Hydrazones, Osazones, and Derived

Heterocycles

L-Gulose derivatives suitable for use in the synthesis of bleomycin
have been obtained via 6-hydrazone derivatives of 6-aldehydo-D-

glucose as shown in Scheme 14. The equilibrigm between the D-
R=Me 0Bn HO NHNMe, 0Bn
CH=N-NR, /j>//? BnO H—iv
0 ° (64) T o B0
P CHO
BnO BnO \\‘E:E* BnO 0 o
OH OH
©3 &) - (65)
L§N,,NH
Reogents: L, No.BHg4 | il, MeL ; i, AgOTs ;iv, TSOH - glyme @6)
Scheme 14

gluco- and the L-gulo-derivatives (62) and (63} was shifted by
reduction to the N-(L-gulosyl)-N',N'-dimethylhydrazine (64), which
exlsts as a 7:3 mixture of the cyclic and acyclic forms, and was
converted into the 1,6-anhydride (65). The unsubstituted hydra-
zone (623 R = H) formed the 1,6-(l-hydrazinyl-2-ylidene)gulose
derivative (66).6u

The glycosyl hydrazine encountered as an intermediate in the
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hydrazinolysis-re-N-acetylation of a model glycopeptide 1s covered
in Section 1.  N,N'-Di-(B-D-glucopyranosyl)-N-phenylhydrazine has
been isolated in 70% yield from D-glucose phenylhydrazone in
acetic acid.65’66 The Amadori rearrangement product of glucose
and valine, 1.e, fructosyl valine, has been synthesized as a model
compound for that formed from the haemoglobin B-chain (which is
terminated by valine) and glucose; 1ts phenylhydrazone derivative
was shown to exist in the open-chain form in base and the cyclic
form (67) in acid.67

A variety of 2-mono- and 2,3-di-hydrazone derivatives of dehydro
-L-ascorbic acid have been synthesized, and some converted to
bicyclic derivatives, e.g. (68), on oxidation with copper(II)
chloride.68 Copper(II) complexes of D-glucosone bisthiosemi-
carbazones have been synthesized and shown to have antitumour

activity.69
O NHNHPh PhNN=CH th H
AC / \
CHzNHz co,
NNHPh
(7 CHZOAc. OAc
67 CHzoAC
(68) (9 70)

Conditions have been reported for mono- and di-N-acetylation of
sugar osazones and related model compounds, the monoacetylation
occurring on the non-chelated nitrogen. 70,71 Pyrazole derivative
(69) has been obtained by reaction (Ac O—NaOAc) of the mono-N-
acetylated osazone (70). 72 Other pyrazole derivatives, e.g.
(71), have been synthesized by condensation of D-galactose phenyl-

hydrazones with dimethyl acetylenedicarboxylate.73

6 Other Heterocyclic Derivatives

Alditol-l-yl-pyrazole derivatives have been synthesized by con-
densing aminosugars with B-diketones and related compounds.

Further 2-(alditol-l-yl)-l-alkyl-4,5,6,7-tetrahydroindol-4-ones
have been obtained from 2-alkylamino-2-deoxy-hexoses and -heptoses
with 5,5-dimethyl-1,3-cyclohexadione (c.f. Vol.17, p.ll3).7u

While a 2-(D-arabino-tetritol-l-yl)-l-methylpyrazole derivative was
obtained from the condensation of 2-deoxy-2-methylamino-D-glucose
with ethyl acetoacetate (c.f. Vol.ll, p.89), the 3-substituted

pyrrole analogues (72) were obtained from l-deoxy-l-methylamino-
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CoaMe Me ;‘d’l& s
MCOQC 7 Q / NMe
NPh \ NPh
\ R e
N Ho
OH (cHow) HO
HO P03 OH
CH,O0H
HO CHOH
OH
CH20H (72) (73)

()

D-arabino- and -lyxo-hex-2-uloseswith ethyl acetoacetate or pentane-
2,4—dione.75 Condensation of l-amino-l-deoxy-D-lyxo-hex-2-ulose
with phenyl isothiocyanate ylelded the acyclic imidazole-2-thione
(73) and its anomeric furanosyl isomers (714).76 The imidazoles
(75) have been obtained by desulphurization of previously reported
imidazole-2-thiones [Vol.18, p.1131.77

CH,OH (CH2), Me AN
0 NMe N R N
S 7 7
OH HO N%S N OH
Ph HO OH
OH OH
OH OH
(74) CH,OH CH,OH
(75) n= 5,715 (76) R=HorMe

2-Pyridyl pentitols (76) have been synthesized by addition of
metallated pyridines to 2,4:3,5-di-0-isopropylidene-aldehydo-D-
ribose.78 Selective osmylation of 5-vinyl-4,5-dihydroisoxazoles
has been investigated as a route to polyols and aminc-sugars,
optically active compounds being obtalned as shown 1in Scheme 15.
exo-Metallation of the nitrile oxide dipolar cycloadduct (77)
provided a 1:1 mixture of diastereoisomers from which compound (78)
was separated chromatographically, and converted to a 78:22

Me Me
N—O NZ N\/
w-v
R\/LK/‘\/ \O + 0
0 o)
77) R=H Q
b () g ><o o><

) 78) R = p-MeCHa S~
(78) R = p-MeCie™d (19) (29)

Reagernts : i, LDA ; ii, Menthyl toluene-p- sulphinate ; Ui, OsO4-MegNO v, Me,CO-H* ;
v, Na-Hg - NaHz PO4~MeOH
Scheme 15
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mixture of separable acetonides (79) and (80).79

Alditol-1l-yl and C-glycofuranosyl pyrazoles, e.g. (81), have
been synthesized from aldehydo-sugar derivatives in three steps
(1, PhyP=CHCO,Et; 11, CHpNp; and 111, Br2> Alditol-1-y1

R Ph
N —NH 0, Z CH, OH
NP “‘Aw{ o BRI
> CO,EL 0 Y
x 2 C“2°A° B0 0Bz o><: Ph
CH,OH
2

(81) (83) r=

0]
O,

pyridazine derivatives, e.g. (82), have been obtained from photo-
oxidation of corresponding alditol-l-yl furans followed by conden-
sation of the a,B-unsaturated y-ketones so formed, e.g. (83), with
hydr'azine.81

Takagi and co-workers have continued their investigation of the
reaction of sugars with o-phenylenediamine (c.f. Vol.17, p.112) by
analyzing the quinoxaline derivatives formed from five di-
saccharides, 2 and from dehydroascorbic acid derivatives (c.f.
Vol.18, p.113).
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Thio- and Seleno-sugars

The crystal structure by direct methods of isobutyl 2,3,4-tri-0-
acetyl—1-thio;ﬂ—D-xylopyranoside shows that it exists in the Q1(D)
conformation. Reaction of the 1-thicauric-glucose derivative

(1), an auric antiarthritiec drug, with hydrogen chloride in 95%
aqueous methanol yields 2,3,4,6-tetra-0O-acetyl-1-thio-D-glucose, tri-
ethylphosphinylgold(I) chloride and the thionium sugar (2). With
nitric acid the gold complex (3) is formed but triethylphosphinyl-
gold(I) nitrate is not.2 The range of (1-thio-glucosyl) triazines

CH,0Ac o o X CHz0AC
O _SAuPEEL, . S(AuPEL;), X N)\N R = 03~
OAc ! — J OAc
AcO J R/i§bN Y AcO
OAc (2) x=ci 4)  X=Y-R OAc
(1) (3) X=NO3 X=R N Y = eoCHa-ferrocene
X=Ror CL, Y =
<z N-0
(z=0,NH)

(4) have been synthesized as spectroscopic probes.3 Thiourea

CH0Ac
R 7N
R = Ph Q «@—CL
i > B
0 wH I N .
OAc 1YS-CNHR — >ws< >=NPh e
N N-S

OAc
(5) ®

AcO

derivatives of 2,3,A,6-tetra—g—acetyl—D—glucose (5) condense with
C1SCC1=NPh to yield the corresponding thiazolidines (6). The
glucosyl thioureides (7) have been synthesized from the corres-
ponding isodithiobiurets (8) and PhN=C012. Phase-transfer

PhHN S NP CHz0Ac
\f ZN— C 0]
N HCL @ Y Gle= ( Ac
Y ped
OAc
(1) Gl oo H,Me CL (B)
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catalysis has been used to synthesize the sulphides (9) in higz yield
from the corresponding &-glycosylbromides and sodium sulphide.

CH,OAc
( 0 S

AcO 2
OAc (9) (GLc or Gal)

OAc

Heating of the 2-thio-arabinose cyclonucleoside (10) with 807%
acetic acid produced the thiazolidine (11).

0 0 0 R
N E OAc OAc ! —*:>J
AcOCH, | AcQCH, AcO S Br
o 1 0 \>\ N{CH,),CO,H OAc 0
5 — s

Ac (13)
(12) el
SRV O
OAc OAc NO» (-NH2)

(10) )

Reaction of penta-0-acyl-4-thio-A-D-xylobiosyl «-bromide (12) with
o-nitrophenocl, p-nitrobenzenethiol or p-aminobenzenethiol in acetone
in the presence of potassium carbonate, followed by deacylation, gave
the corresponding g-glycosides (13) in excellent yield. The o-nitro-
phenyl bioside was a good chromogenic substrate for xylanases A and

B obtained from Sporotrichum dimorphosporum while the p-aminophenyl

1,4-dithiobloside was a competitive inhibitor for xylanase B and a
rate enhancer for xylanase A in its hydrolysis of D-xylan. The
results suggest the possibility of a regulatory mechanism for D-xylan
hydrolysis by xylanase, which may involve extracellular oligo-
saccharides. Attachment of B—aminophenyl 1,4-dithiobioside to
Sepharose 4B gave an immobilized agent which retained its activity
towards xylanase.

The syntheses of 5-thio-D-arabinose and -lyxose have been achieved
conventionally by thiocarboxylate displacements on 5-sulphonate ester
derivatives of these sugars, and their methyl glycosides were also
prepared, both anomers being obtained. Methyl 5-thiopentopyran-
osides (D-arabino, L-lyxo, D-ribo, and D-lyxo derivatives) have also
been prepared from methyl 5-thio-3-0-tosyl-o-D-xylopyranoside as

outlined in Scheme 1. The syntheses of $-(5'-deoxy-5'-adenosyl)-
(+)-2-methylhomocysteine (14) has been achieved in two steps from
(+)-2-methyl-homocysteine. Methyl 2-0-tosyl-4,6-thiocanhydro-e-~
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D-gulopyranoside (15) was obtained on alkali treatment of the thio-~
acetate (16). The reaction was thought to proceed as shown in Scheme
2. The product, which was unstable at room temperature, was

S
OTs —
HO 1:_{ OMe ..

OH
OMe

L.
=

OH
lpu

S
HO ; OMe

OH OH OH OH

=

Reagents: i, BzCL-Py; i, NaOBz~- DMF-H,0; i, NaOMe-MeOH ; v, OH™

Scheme 1
ri‘le
HOZC‘C‘;’ CHZCHZSCHZ
NH2 0 Ad
OH  OH
(14)
CH,Br CHaSAC ‘is—cw2
5 o] . s > B 0 5 o
oTs — —— —
BzO OMe (O OMe OMe
OTs 06) OTs OH OTs
i, KSAe + i, MeONar MeO (15
Reagents: i,KSAc ; i, MeONa~- MeOH Scheme 2 )
12

characterized as its stable sulphone and as its 2,3-ditosylate.
Reference to thiosugar-containing cephalosporins and anthracycline
antibiotics will be found in Chapter 19, while the synthesis of 4-
thioxylobiose is described in Chapter 4.
In a paper describing the merits of the odourless, stable, avail-
able selenylating reagent _I\l—phenylselenophthalimid?3 the two
carbohydrate examples shown in Scheme 3 were given.

RCHZCH,0H —— RCHyCH,SePh (90%) °
RCH,COpH  —t—s RCHpCOSePh  (94%) R= ComMe
0 Q
Reagents: L, Q::N-Se(’h - BusyP 0)(
0

$cheme 3
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Deoxy-sugars

Potent new antibiotics isolated from Actinomadura sp. fermentation
have released 3'- and 4'-N-(2-methoxypropenoyl)-4,5-dimethoxy-
anthranilate esters of methyl 2,6-dideoxy-o,B-L-lyxo-hexopyranoside
(i.e. a 2-deoxy-L-fucoside) on me‘chanolysis.1 Four oligoglyco-
slides named cynatratosides B-E have been isolated from the Chinese
crude drug "Pai-Wei" and shown to have variously linked L-cymarose,
D-digitoxose, D-oleandrose, and D-glucose moieties; only the
digitoxose and glucose moieties have free hydroxy groups.2 Full
details have appeared on the steroidal oligoglycosides isolated
from Cynanchum wilfordi (Asclepiadaceae) which contain both D- and
L-cymarose moieties, as well as other deoxy- and O-methyl-deoxy-

sugar units (c.f. Vol.18, 13.120).3’Ll The occurrence of a 4,6-
dideoxy-3-0-methyl-D-erythro-hexos-2-ulose moiety in a cardenolide
glycoside is covered in Chapter 15. Macrolide antibiotics of the
complex mycinamicin, which contain components with 6-deoxy-D-allose
moieties and their 2-mono- and 2,3-di-0-methyl ether analogues, are
covered in Chapter 19.

The thermodynamic properties of 2-deoXxy-sugars in water have
been measured by microcalorimetric and isopiestic methods and
compared to those of their parent monosaccharides.5

6-Deoxy~1,2:3,4-d1-0~isopropylidene-a-D~-galactopyranose has been
obtained in 85% yield by irradiation of the corresponding
6—9—acetate.6 Photolytic deoxygenations of the 2-6-dipivaloates
(1) have provided the 2,6-dideoxyhexosides (2) in ~l40% yields;

CHoX

, © (1) x=0,CBu* . 2
OR R',R" = SiMe,But, H
go oMe (2) X=H
X

these products provided routes to 3- and 4-0-substituted 2,6-
dideoxy-D-arabino-hexoses, including D-oleandrose (2,6-dideoxy-3-0-
methyl—D-arabino—hexose).7

Following their earlier work on the lithium triethylborohydride
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reductions of tosylate derivatives of methyl 4,6-0-benzylidene-a-D-
glucopyranoside (Vol.16, p.122), Baer and co-workers have studied
the reduction of the 2-mono-, 2,2'-di-, 2,3,2'-tri-, and 2,3,2',3'-
tetra-tosylate derivatives of 4,6:4',6'-di-0O-benzylidene-a,a-
trehalose. The reactions proceed via epoxide intermediates which
yield expected 2- and/or 3-mono-and/or di~deoxy analogues.
4-Substituted allyl 6-deoxy-a-D-mannopyranosides have been
synthesized following reductive de-tosylation of a 2,3-0-iso-

9

propylidene-6-0-tosyl-precursor. 1,2-0-Cyclohexylidene-5-deoxy-

3-0-methyl-oa-D-xylofuranose has been synthesized using a similar
sulphonate reduction.lo
Barton's radical deoxygenation procedure has been applied to
methyl xanthate derivatives of sugars to prepare methyl 2-deoxy-B-D-
erythro-pentopyranoside,11

hexoside (3)12 and 2-acetamido-3-deoxy-D-ribo-hexoslde (lt),13 and

o] (0]
Q, Q
Ph Ph
NHAc
0] OMe 0 OMe
(4

NHAC
(3)
1,2:5,6~di-0-1sopropylidene-3-deoxy-D-lyxo-hexofuranose (5) and its
3-C-deuterio derivatives (6) and (7) (via B-D-idose, B8-D-talose,
and (3—2H)-B-D—talose 3-xanthate precursors). These latter

the 3-acetamido-2-deoxy-D-arabino-

deuterated products were obtained in the ratio 65:35, respectively,
on reduction of the D-idose 3-xanthate with tributyltin deuteride.l3
3'-Deoxy-tiazofurin has been synthesized in four steps from the C~
nucleoside tiazofurin [i.e. 2-(B-D-ribofuranosyl)-thiazole-i-
carboxamide] via its 2',5'-di-0-tert-butyldimethylsilyl-3'-0-

imidazolethiocarbonyl der’ivative.lu

Related syntheses of branched-
chain deoxy-sugars involving radical intermedlates are covered in
Chapters 13 and 14.

Deoxy-sugars have also been synthesized from halogeno-sugars.
A convenient synthesis of 6-deoxy-D-glucopyrancse from D-glucose
(three steps, 54% overall yield) involved the catalytic hydro-

genation of 6-bromo-6-deoxy-1,2,3,4-tetra-0-(trimethylsilyl)-D~gluco-

CH,OH 0
0 oMe 0]
HO A E— OH
I
OBn OTs

®) ©)
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pyranose.15 Methyl 3-0-benzyl-4-deoxy-B-D-arabino-hexopyranoside

(8) and its 3-0-methyl analogue have been synthesized from the
levoglucosan-~derived iodo-tosylate (9) in four steps.16 Methyl
a-L-digitoxose (10) and the isomeric L-lyxo-hexoside (11) (i.e. a

HaNCO 0 0, 0Me v HO 0, 0Me
o i { ge vvi Me
X

QH

NS

L
HO 0 OMe

Me (2 X-NH (10)
' - C;(M) X=0
\

- 0. 0OMe 0 oMe
é L~LV v,w
HOY
0?/\0

P
Reagents: i, CLyCONCO ; ii, KpCO3-MeOH ;iii, I (Collictine),CLO4; iv, Ha0 ; v, BugSnH- AIBN ,vi,Ba(OH),
vii , DEAD-TPP- BzOH vili, MeONa-MeOH
Scheme 1

(12

2-deoxy-L-fucoside) have been synthesized from the a-L-erythro-hex-
2-enoside (12) as shown in Scheme 1. Intramolecular iodocyclization
of allylic urethanes gave iminccarbonates [e.g. (13)] which ylelded
carbonates [e.g. (14)] on hydrolysis.l7

The synthesis of 2—acetamido—1,6—anhydro-2,3-dideoxy-B—D-§ng—
hexopyranose from a 3-thio-sugar by reductive desulphurization is
covered in Chapter 9. Reduction (NaBHu) of secondary mesylates
with a vicinally related frans-diallylamino group proceeds to give
deoxygenated products via aziridinium ion intermediates. In con-
sequence, sometimes the product is that of amino migr'ation;18
examples are detailed in Chapter 9.

Deoxy-sugar phosphates have been synthesized by catalytic hydro-

genation of various enol phosphates. Thus the alditol derivatives
(15) and (16) were obtained from 1,2- and 2,3-unsaturated pre-
Me © Me o CHa0AC CH0H
o-P(oMe), -0 P(ome), 0 HoH o
AcO CHy
OAc OAc AcO OMe Ho
OMe
OAc OAc
op(oMe),

CH,0Ac CHp0Ac 0
(15) (16) (7 (18)
cursors, while the 3-deoxy-2-0O-phosphate (17) was obtained from
methyl 4,6-0-benzylidene-3-deoxy-2-0-(dimethylphosphoryl)-a-D-gluco-
pyranoside.l9 Methyl 3-deoxy-o-D-arabino-hexofurancside (18) has
been synthesized from D-glucono-1l,5-lactone via the known 3-deoxy-
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D-arabino-hexono-1,5-lactone tribenzoate. This 1,5-lactone was
converted to the corresponding 1l,4-lactone by debenzoylation-
rebenzoylation, and reduced at C-1 with disiamylborane, 20 Racemic
diginofuranosides (19) and rhodinofuranosides (20) were obtained in

Me o —7~0Bu! Me
L OBz
_—
0 ° _ (19) R=0Mc
R OBu" (20) R=H
(21) R=OMe
(22) rR=H R

Reagents: L, No.OBz- DMF Scheme 2

substantial amounts due to ring-contraction during the attempted
nucleophilic substitution of the racemic oleandropyranoside and
amicetopyranoside UY-mesylates, (21) and (22) respectively (Scheme 2).
These products result from inversion at C-4 but not at C-5.21

The radiochemical 2—deoxy—D—[l—11C]glucose has been synthesized
from [110]hydrogen cyanide and l-deoxy-l-iodo-2,3:4,5-di-0-isopro-
pylidene-D-arabinitol in 20% yield (in 50-55 min.).22 The four
l-deoxy-D-heptosides (23) (isomers at C-2 and C-3) have been obtained
from the corresponding 2,3,4-trideoxy-hept-2-enoside by cis-hydroxy-
lation (the catalytic OsOu method), or by epoxidation—hydrolysis.23

x:

0 OH
OMe oR?
CH,0R?
AcO OAc (24) R'=R?=H
@9 (25) R' = NHCHO, R%R” = CMe,

Deoxy-sugars have been elaborated from chiral three-carbon
starting materials. 2-Deoxy-D-ribose (24) has been obtained in
eight steps from the 2-formylamino derivatives (25), the synthesis
of which from 2,3-0-isopropylidene-D-glyceraldehyde is covered in
Chapter 9.2u Alternatively, this same overall conversion to
either enantiomer could be achieved using the diastereoselective

aldol condensation of 2,3-0-isopropylidene-D- or-L-glyceraldehyde
COyMe
|
. CHp -
to>< + =< — 0SiButMe, —=— (24
o}
OMe (pert)
(Dor |_) o><
(26) 27)
Reogents: i, Znlg~MeCN ;ii, CF3CO,H | iii, Disiamylborone
Scheme 3

CHO 0SiBu* Meo
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with ketene acetal (26) (Scheme 3), a reaction which yields pre-
dominantly the erythro isomer (e.g. 27) with silyl transfer.2?
The 2,6-dideoxy-L-arabino-hexoside (28) and the 4,6-dideoxy-3-0-
methyl-D-xylo-hexoside (29) have been synthesized from the major
isomers generated by coupling a- and B-alkoxy-aldehydes (30) and

“ALEE, L CHO Me
1 /j/ + R2 —_ -fi/ HO (" 0, OMe 0
Ro @0) R*=, —— o ome .
(32) ° on OH
R'=crpome OV F CHzon’ (29 (29)
Me Scheme 4

(31) respectively with the allylic aluminium'ate'complex (32), as
shown in Scheme 4. The diastereofacial selectivity in the con-
struction of three chiral centres on addition of such allylic
organometallic reagents to chiral aldehydes 1is influenced by the
nature of the metal, and can be predicted from the results of an
extensive study of simpler systems.26 The chiral epoxysulphide
(33) has been converted into the 2,3,6-trideoxy-sugars L-rhodinose
(34) and D-amicetose (35) by alkylation of the common aldehyde (36)

with or without chelation control respectively, as shown in

Scheme 5.27
A [¢]
VL, Vi Me OH
Z vi HO
0 i-v — 0Bn
- Ho (34)
CH,SPh OBn Me. & Me
(33) o T °
(36) OBn —oYd_, OH
Reagents : Ly PN\MgBr - Cu(L); i, BrBr-NaH -BuNer; OH HO
i yNa1o, ; v, Pummerer reackion Me. (35)

v, Bu,zALH vi, MeMgBT -ZnBr, ; vii, Li- NHg
vili, 03~MeOH -, ther Me,S; ix, Me To(0P)

Scheme 5

} A number of deoxy-sugar derivatives have been prepared from the
chiral diols obtained by reduction of a-acetoxyketones (37)~(39)

OAc o CHy0SiButPhy o
CH,) (CH2) 0
x> ( 2 n‘<
ph/Y‘\g/ o/ OMe oH OMe

(37) R=H, n=2,ma3 HO

(38) R=H, n=1,m=2
(39 R=Me, n=1,m=2 (#0) (41)

PhBuwSCOCH,
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with Baker's yeast. In this way the 2,3-dideoxy-D-erythro-hexo-
sides (40), the free sugar of the 2-deoxy-L-fucoside (11), 2-deoxy-
D-erythro-pentosides (41), and D-digitoxose [c.f. compound (10), the
methyl glycoside of the L-enantiomer] were prepared.28

Racemic deoxy-sugars have been synthesized by hetero-Diels-Alder
strategies. The DL-fucose derivative (42) was obtained via the

racemic dihydropyrone (43) (Scheme 6).29 The racemic 2,4,6-tri-

Me o 0 0 0
N . Me W Me v, v Me OMe
+ i ha— — AcO
Bz0 —_—
: MOMQ Bz@ Bz@ Ac@'
0 OH OAc

O0SiBufMe,
pL-{43) oL-(42)
Reagents : i BF3.OFEt, U, NaBH4- CeCly ; Ui, K;CO3-MeOH ; iv, Ac,0- NEL;- DMAP ; v, MCPBA-MeOH
Scheme 6

deoxy- and 2,4-dideocxy-sugars (44) and (45) (i.e. DL-olivose)
were obtained via the common intermediate (46) (Scheme 7); by
using a-methoxyphenylacetate derivatives, a separable 2:1 mixture
of L- and D-sugar diastereomers (e.g. U47) was obtained, and the
major isomer was converted to the L-enantiomers of (U4l) an% (45).30
Me
Me Me

0 0 y Oft
PhS \-I»/—OEt — PhS 4 OH (44)

OEt
— HO 0
RO T

OR Me
(46) R=Ac OEt
= H
' - (#7) R= ph\_/u\ ° (#5)
Reagents: i, MeOH-K;C0, 1 il Me,Bubsicl gM
e

Ui, Raney NC-EEOH ; iv, Bug NF
Scheme 7

The racemic 2-deoxy-pentonic acidlactones (48) and (49) have
been obtained in a 4.3:1 ratio, in one step, by oxylactonization
(MCPBA) of alkene (50).31 Application of the Sharpless asymmetric

R' o CONPr

0 — CH,

R 0SiBufMe,
0SiBufMe, P

1_ 2_
oL-(48) R1—CH202, R7=H bL-(50)
DL-(49) R'=H, R"= CH,0H
epoxidation procedure to the racemic alkene (51) yielded a mixture
containing the L-trans isomer of the starting alkene, and the

erythro- (52) and threo-D-epoxides in a 96:4 ratio. Hydrolysis
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{base then acld) of epoxide (52) yielded 2,6-dideoxy-D-ribo-
hexose (53).32

CH(OMe)2 CH(OMe)Z

0 0
cH CH, e o Q(' ( (59
é _%? <i::4>erH Y 0
¢H HO
CH(OH) oH 0 o o
» XA
(51) (52) (53 5

1,6-Dihydroxy-2-hexanone, a 3,4,5-trideoxy-ketohexose, has been

synthesized, and shown to exist in the acyclic form in aqueous
solution to the extent of 60%. On standing, it slowly forms a
hemiacetal dimer, and with acid one or both of the possible

anhydrides (54) and (55) by dehydrative dimerization.
Other examples of deoxy-sugar synthesis can be found in

33

Chapter 9.
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Unsaturated Derivatives

1l Glycals

A range of differently substituted derivatives of the glycal of D-
ribofuranose have been produced from 2,3-0-isopropylidene-D-ribono-
Y-lactone by substitutlon at 0-5 followed by reduction,
chlorination at C-1, and then elimination (Scheme 1).1 Racemic

CHQOH CHZOR CH20R1

R R H,
CH,OMe,
° — CH o(cu,)zom
SiBut He2

Ru@emz:%RCL;w,&ﬁAW,u,CCH P(NMep)s § v, Li- NH3(L)
Scheme 1
xylo-furanoid glycals of aminodeoxy-aldoses (Rl = H, R2 = Me,
CH,0Bu®), -dialdoses [R' = H, R® = CH(OEt),] and deoxyketoses
(R'2L =Me) (1) have been produced in two steps (yields 41-67%) from
the furoisoxazolines (2) obtained by dipolar cyclcaddition of
aliphatic nitrile oxides to furan or 2-methylfuran (Scheme 2).

5-Amino-5-deoxy~-ido-furanosides are also obtainable from (2).2

R
2 N NH
0 R\ o o
1 i o R' '3 4
L T e T e
R H Me (2)  R®a Me,cH 0B, D)

cH(OEE)
Reagents: L, RZCNO - BFy ; i, LAH

Scheme 2
The conformational equilibria of the peracetylated glycals

derived from four hexoses and two pentoses have been calculated by
use of a molecular mechanics programme and compared with those
determined by X-ray crystallography and n.m.r. spectroscopy. For
the pentose derivatives there are inconsistencies between the cal-
culated and experimental resul‘cs.3

Two complementary cycloaddition approaches have provided access
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to racemic pyranoid glycal derivatives. The first, involving the
use of aldehydes and oxygenated butadlenes, led to compounds
related to glucal (Scheme 3),1l and it has also been extended to

o | jl———o
v—om LI / OAc

OSiRs 0 = Ph, Me, - Me
Reagents : i, Lewis acid ; iy Mn.(OAC), ; iil, NaBH4- CeCly ; iv, Acy0 - EtgN
Scheme 3

give galactal and fucal analogues.5

The alternative procedure
used o,B-unsaturated carbonyl compounds and various enol ethers
(Scheme U4). A range of 5-substituted glycals,e.g. compound (3),
was obtalned, and the reduction and conformation of an extensive

serles of such compounds were described.6

0
OEt / Me
OMe COMe
Scheme 4 ©

An unusual reaction of some 1,6-anhydroaldohexopyranose deriva-
tives was uncovered on treatment of the levoglucosenone derivative
(4) with sodium in liquid ammonia, which is indicated in Scheme 5;

likewise compounds (5) (ribo or arabino) gave the glycal (6) in

good yield after acetylation. By contrast, a 1,6-anhydro-f-D-
galactopyranose analogue gave only poor yields.

o CH,OH CH20AC
050,NMe, g < ; < :

0SO,NMe 5
Q)

Scheme 5

Substitutions of the allylic hydroxy groups of L-rhamnal and L-
fucal were favoured when acetyl chloride, N-acetylimidazole, benzoyl
chloride and N-benzoylimidazole were used, and 4o-60% yields of the
3-esters were obtainable. With acetic anhydride in pyridine the
homoallylic groups (0-4) were preferentially substituted. 3-0~
Acetyl-L-fucal underwent 0-3 to 0-4 ester migration.8 A similar
study of silylation reactions of these glycals was then undertaken.

Several reagents gave 3-ethers selectively, the best selectivity
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being obtained with t-butyldimethylsilyl chloride which allowed
89% and 70% yields of the 3-0-silyl ethers of L-rhamnal and L-
fucal, respectively.9

Several studles of the synthesis of 2-deoxy-2-fluoro-hexoses
from glycals, including 18F labelled compounds, are reported in
Chapter 8.

An extended study of the [2+2]cycloaddition of p-toluene-
sulphonyl isocyanate to glycal derivatives (M. Chmielewskl et al.,
Tetrahedron Lett., 1984, 25, 4797) has led to the following
generalizations: (1) in the case of 3-0-substituted glycals
addition occurs trans to the substituent; mixtures are obtailned
from 3-decxy compounds; (11) the additions are reversible,
retroaddition occurring on standing at room temperature; (1i1) on

heating, the lactams rearrange to a,B-unsaturated amides (e.g.

Scheme 6) (iv) the adducts react with methanol at C-1, and with
(~0 NTs
i Ph
1 ———7\ 1 —_—
2
Ac  CONHTs
Reagents: i, TSNCO ;u, A
Scheme 6
CHpOAC CHp0AC
o] ) 0 OMe
L
QAc —_— CAc
AcO NTs AcO
)/ CONHTs
(o}
Reagents: i, MeOH Scheme 7
10

inversion of configuration (e.g. Scheme 7). [4+42]1Cycloaddition
to tri-O-acetyl-D-glucal of 1,2,4,6-tetrazine-3,6-dimethyl
dicarboxylate gives initially compound (7) which rearranges mainly

to give the acyclic product (8) together with small amounts of the

oxidized product (9) (Scheme 8).ll
CH,o0AC CO,Me CH,OA
2 )\2 s COMe Hzo ¢
° NSy \ " coMe r cozm
OAc /1 + Ul ¢ N OAc,
N 2N \
AcO A Y N/ /
CO;Me CO,Me ‘"N “'N

(7) COZM e COZMe

Scheme 8
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As 1s the case with other acylated glycals, 3,4—di—g—acety1—L—
rhamnal reacts with alcohols in the presence of tin(IV) chloride to
give 2,3-unsaturated glycosides. Various alcohols gave mainly a-
linked products, the selectivity increasing in going from primary
to tertiary alcohols.12 By an addition, elimination process, tri-
O-acetyl-D-galactal can be converted into the 2,3-unsaturated
phenyl C-glycoside (10) by use of benzene and palladium acetate in
13 Treatment of the allylic alcohol
(11) with 1-fluoro-l-methoxy-2-phenylsulphinylpropene gave an

the presence of acetic acid.

intermediate allylic ether which underwent Claisen rearrangement
and subsequent acid elimination to afford the acrylic acid C-
glycoside (12) in 67% yield.lu

CHy0Ac 0 O*|
AcO 0 0
Ph on Ph
\
——/ Ph o] / 0

OAc

(10) (11) (12)

2 Other Unsaturated Derivatilves

Fraser-Reid has provided a sequel to hils 10 year old review of some
unsaturated derivatives, and has stressed the usefulness of 2,3-
unsaturated sugars, especially as a source of chiral natural
products.15
The unsaturated lactones (13) are obtainable directly from the
corresponding 2,3-unsaturated ethyl a-glycoslides by treatment with
pyridinium chlorochromate in the presence of acld resin or with
Jones reagent.16 Treatment of 2,4,6-tri-0-benzyl-3-0-tosyl-D-
mannose with sodium hydride or other base gave compound (14) rather
than the 1,3—anhydride,17
duced as a by-product of the treatment of methyl 3-0O-benzyl-4,6-0-

and the 2-deoxy analogue (15) was pro-

CH,OR CH,0Bn 0
Q o] 0 OMe
Ph
RO 0] OH
— BnO\—x [ORN——1
(13) R=Ac,Bz (14) OBn OB (1s)
benzylidene-2-0-trifluoromethanesulphonyl-8-D-mannopyranoside with
18

tetraethylammonium fluoride.
Methyl 2,3,4-trideoxy-6,7-0-isopropylidene-D-erythro-hept-2-
enopyranoside was converted into U-deoxy-D-allo-, -D-manno-,
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-D-gluco- and -D-altro-heptopyranosides by hydroxylation
19

procedures. 1,3-Dipolar cycloaddition of various nitrones to
different 2,3-unsaturated lactones and 4-ulose derivatives gave
compounds exemplified by (16) and (17),20 and Diels-Alder addition

CH50Ac O o8z

AcO 0 0
0]
MeO el 0O
N
oy OMe Ph
N
Ph

( 7) (one isomer)

(16) (b»/o isomers)

to the latter type of enone afforded access to "second generation
enones" (Scheme 9).2l The use of an allyl 2,3-unsaturated C-

Me Me Me
0 HO 0 ‘ HO 0
o LI =,
—=/ OMe OHe OMe
MeO *
0SiBu’Me, 5
Reagents: i, A ;u, LAH ;iii, MnOy Scheme 9

glycoside in a natural-product synthesis is noted in Chapter 24.

1,2:5,6-Di-0-1sopropylidene-a-D-glucose 3-triflate gives the
corresponding 3-deoxy-3-enose on treatment with the fluorinating
agent TASF, whereas the D-allose isomer affords the product of
substitution (see Chapter 8). A nucleoside containing a 3-deoxy-
3-enofuranose ring is noted in Chapter 20, and the X-ray crystal
structure of a 3,4-dideoxy-5-fluorohex-3-enopyranocside derivative
is recorded in Chapter 22.

A cycloaddition reaction to levoglucosenone, a hex-3-enopyranosid
-2-ulose derivative, has been used to give a tricyclic product
(Chapter 24), and some nucleophilic addition reactions of related
enones are indicated in Scheme 10. The X-ray crystal structure of
the 4,5-unsaturated compound (19), the enantiomer of (18), was

recorded.22

Not surprisingly, some methyl 2,3,4-tri-O-acetyl-B8-
D-glucopyranosyl uronate nucleosides underwent elimination on
treatment with DBU to give U4',5'-unsaturated products.23 An
antibiotic containing a hex-U4-enofuranosyl unit is noted in
Chapter 19.

In the area of 6-deoxyhexopyranosyl derivatives, N-(phenyl-

selenyl)phthalimide has been used to effect elimination from the
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CHo0BZ CHp0Bz CH 0Bz CH,OBz
o) ) 0 O OMe °
MeO.. v ik
L\ j B MeO \ — BzO
OBz 0Bz Vi OMe
) {0 0 0Bz B20 o O Me
\C CHp0Bz CHop Me
PN
07 Ph 0 o o)
\ —L‘} \ —_—> / MeO
OMe OMe OMe
BzO 0 Bz0 (o] 0Bz
CHy OBz CHp Me (18)
O OMe O, OMe 0. OMe

820 o] Bz0 [o] fe)
Reagents: i, MeOH - OH™(cakb) ; i, MeMgT | i, OH™
Scheme 10

(19) OMe

6-hydroxy compound to give alkene (20), and the same reagent
allowed access to the related unsaturated sugar (21) from the
acyclic alkene (22) (cbtained using a Wittig reaction) by an

CH,0Bz CH,0Bz
H
feh e e
(20) (21) (22)
addition-elimination procedur‘e.gll Treatment of compounds such as
(20) with mercury salts in aqueous acetone is known to give deoxy-
inososes. It has now been shown that mercury-containing inter-
mediates are involved (Scheme 11). 25 Applications of this
CHpHgCl

CH2
0 0Bz ) =0
OH

Reagenrts ° L, chLZ~H20 )i, femove H0 i, conbimue i ov use Ha8
Scheme 11

reaction to give aminocyclohexane derivatives are recorded in
Chapter 18.

Methylated 6-deoxy-6-icdohexopyranosides carrying f-D-xylo-
pyranosyl groups at 0-2, 0-3, 0-4 and 0-3 and 0-4 have been con-
verted into 5,6-dideoxyhex-5-enose derivatives by treatment with

zinc in model studies required for the development of a specific
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method of polysaccharide chain cleavage. The procedure was then
applied to reduced, permethylated tragacanthic acid.26

As is indicated in Scheme 12, reaction of the anion derived from

M 0]
CHO o 4 CH(COMe),
o Ve X~ 0 MeC-CHy 0
OH * ez; — OAc v ° OAc
0 Me 0 o]
/“—\Ur : & S

0
) (29) )
Scheme 12
pentane~2,4~dione with aldehyde (23) gives a product which under-

goes acetyl group migration to afford the 5-ene (24), together with
the product of Michael addition (25).27 Cycloaddition of tri-

methylenemethane to the unsaturated uronate (26) gave the cyclo-

pentane derivative (27) (Scheme 13).2
COyMe

= 0
OBz
0

(26) 0~

Reagents : i, AcO__M__ TMSs - Pa(0AQ),- P(0PH),
Scheme 13

The isomer ratio of 6,7- and 7,8-alkenes produced by reaction of

furanoid and pyranoid aldehydes with allyltrimethylsilane depends
29

greatly on the Lewis acld catalyst used (Scheme 14). The
CHO CH=CHp CH=CHa
o CHy CHp
OMe ' Ho OH
[ + CHy=CH (',HESLME3 —_ : + A
‘ i Y Yield
) - a - 1 80%
>< U 1 © 20 89%
ﬁ o
CHO CH=CH, CH=CHy
CHp CH»
%\0 HO OH
o + » _— ) + 5
< <
0 i
O’*’ — 20 g 1 8%
A 1 10 64%
Reagmts‘ L, BF3 ; u, TiClg Scheme 14

elaborated 6-ene (28) has been prepared from a 3—beenzyl—6—deoxy-
6-iodo-glycoside by use of a sulphoxide-based carbanion. It 1s a
potent inhibitor of 3-hydroxy-3-methyl glutaryl coenzyme A

reductase.BO
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=

(28)

OH

Interesting and novel carbon-carbon bond-forming radical
reactions have been applied to halogenated derivatives, xanthate

esters and related compounds. One paper describes the use of
vinylstannanes which involves radical addition, elimination pro-
cesses (Scheme 15);31 another uses allylstannanes (Scheme 16).32
ALY o CO,EL
CHBr . l
2 o . 5 y  (74%) ><Q (33%)
5 / 4 o a
Ph L )
OH n AN 0CSs,Me — 3
Bz0 OMe T 2

+
Yy (82%) 3 Y
OH /3 o~ Z\HI , (%)
H

Reagents : i, BusSn\— COEL - AIBN ;3 i, BuySn v Ph-AlBN

Scheme 15
CHoBr /
o] 0 A
° v 5 4 < oBn i &
— 0o - v
BzO OMe (76%) PhOCO = 80%
¢} S
Reagenks: i, A\SnbBujy - AIBN or hv
Scheme 16

Both approaches offer means of obtaining extended-chain unsaturated
sugars, branched~chain unsaturated compounds, or C-glycosides.

Acetylide condensation with an aldehyde has afforded two stereo-
isomers of the 7,8'-yne (29). The X-ray structure of one, as its
acetate, was determined.

HO
c(=cC OBn

BrO O OMe 0 0
OBn O
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Some useful acyclic alkenes have been produced by a ring-opening

reaction involving aldehydic intermediates (Scheme 17).3 An
Me

I Te
0 L | OH S
0Bn — OBn (72%
0 s
S l,

Reagerts : L NG
3 RO Seheme 17

octulosonic acid disaccharide synthesis involving an acyclic inter-

mediate made by a Wittig condensation 1s referred to in Chapter 2.
A set of acyclic dienes (30) have been prepared from the un-

saturated lactone (31) and photolysed in attempts to obtain [2+2]-

CH,=CH =
2 o CHZCH2 % X,Y = hal, , H,COMe;
OMoMm =0 —> oMoM /~=C «S— N, NEL,
0 Y ©s- 0
M Ll
(3 1) ez_BuLSL (30)
cycloaddition products. Earlier work with a related compound led

to a new approach to the prostaglandins, but compound (30) failled
to undergo the required reaction. In some cases (e.g. X, Y =
H, COMe) double-bond migration occurred.35

The branched-chain unsaturated compound (32) has been synthesized
from 2,3-0-1sopropylidene-D-glyceraldehyde (Scheme 18).36

CH,OH"
CHO -—7LO CO,Me 7LO COMe 0
o>< t, 0 NMe, W, O N w 0
0 OH OH
OH CHj
Reagents: i, Me,N~""COyMe - LDA ; it,MeT; i, NaHCOs ; iv, CFyCOH (32)
Scheme 18
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Branched-chain Sugars

1 Compounds with an R-C-0 Branch

The occurrence of 6-deoxy-3-C-methyl-g-D-altropyranose as a C-aryl
glycoside in the antibiotic virenomycin is referred to in Chapter
19.

Standard Grignard reactions with glycosidulose derivatives have
been employed in several syntheses. Methyl «-D-mycaroside (1) has
been prepared from mannose in a 10-step sequence via the 6-deoxy
intermediate (2) in 22% overall yield (Scheme 1), and L-rhamnose

Me Me
0 o
B, pewo. = om s
e € M
BJCO OH BzO Orte r\*_‘l/—\ rwﬂ o (A e
2 OH 0
(2 OH (1)

Reagents: i, PCC-NaOAc-Mol.sieve ; i, MeMgI ; i, Resin(OH)-MeOH ; iv, TF,0; v, LiEL4BH

Scheme 1

similarly furnished the L-enantiomer. LTBH treatment of the 2-0-
triflate of the minor manno epimer from the Grignard reaction did
not give the corresponding 2-deoxy-arabino sugar (olivomycoside)
but instead methyl migration occurred to give the 2,6-dideoxy-2-C-
methyl-allopyranoside (3), with the suggested mechanism shown in
Scheme 2.1 The doubly branched-chain sugar (4) has been prepared

Me Me
BuCO; o o
O™
T e T
H= 3 ) 2
el S o/ Me OH Me HO OMe
Me Me OH Me
©)
Scheme 2

from 4-0-allyl-1,6;2,3-dianhydro-D-mannopyranose using dimethyl-
magnesium to open the oxiran ring and methyl magnesium bromide to
introduce the 4-C-methyl group on the osulose (5). C€-3 and C-4
epimers of (4) were also prepared by the alternative Wittig
procedure on (5), with or without preliminary base-catalysed C-3
epimerization (Scheme 3). The 4-O-mesylate of (4) on solvolysis
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Q
HO 0

M '\ /" Me
0OBn Me

'—7 [¢)

M.‘-I-V o 0

08n Me Me

HC
OBn Me

Reagents: i, MeMSBr,u,CHfPPha;iill MCPBA; iv, LAH ; v, MeO™

Scheme 3

rearranged to the furanoside (6)(previously assigned a different
structure by the same group).2 A Grignard - osulose reaction has
also been employed to prepare the 3-C-methyl-6-deoxy-D-gulose

derivative (7) from D-glucose. The isomeric sugar L-vinelose (8)
0] Me
OMs HO 0 ) 0 _ore
0 Me
Me Me OH mg
OBn OMe HO HO
e
OMe OM OH OMe 0 (0]
Me € ><
(7) (8) (9)

has been synthesized from rhamnose via a standard glycosid-4-ulose
by enolate methylation followed by borohydride reduction; the
resulting intermediate (9) on deacetonation - reacetonation gave
the 3,4-0-isopropylidene isomer leading to the required 2-0O-methyl
ether product.

Non-carbohydrate precursors have been used in stereo-controlled
syntheses of 3-C-methyl hexoses. The aldol condensation shown in
Scheme 4 gave a mixture of stereoisomers leading to the diastereo-

OBn Me0 oMt BnC=) Me OMe BnQ Me OMe
H ) ( 2 Lid : . _OH
/\\CHO + — ” COpxMe ?
H Orte OH OCH,08Bn
HO 0 BnQ Me OMe A (19
Me i, vid B S
OMe oH ¢ OH
CHa0Bn
Me
(1)

Reogents: i, BnOCH,CL; i, LAH ;i ,(COCL),- DMSO; iv, PhyP=CHp; v, 9- BBN ; vi, Hp0p- OH'; vil, Hp- Pl
Scheme 4
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isomer (10) after chromatography, which was converted to L-cladinose

(11) as indicated in the Scheme. Syntheses of racemic mycarose

(12) and epi-axenose (13) resulted from pent-4-en-l-yne as outlined
in Scheme 5. Lewis acid catalysed condensation of 2-benzyloxy-

ethanal with the furan (14) led to the racemic glycenonolactone (15),
which was then converted to the trifluoromethyl branched-chain sugar

derivatives (16) and (17)(Scheme 6).7

\ ._._,. ?e H
81 °
/b‘ lvw.
Me Me
OH Me
HO o) (@)
Vil A AN
OH OH OH Me ~~OH
OH HO
Me (13) o1 (12)

Reagents : i, Me 4AL- (Cp), ZnCl, 3 ik, MeCHO; il T (OPrY), - ButOzH ; iv, PhNCO; v, EEaALCL ; Vi, H30™ s vid, MeO™;
Vi, 03-MeS ; ix, HpS04- THF-Hp0
TR R TR 2 Scheme §

CH,08n CH,0Bn CH, 08N
OH ocnzom OCHzom.
0
( 7— 05LM63 o] ——? OH HO
CFy
) (15) (16) (17)

Reagents : i, BnOGHaCHOBFy b0 &, (Me0),CH-PyOg ; lid, DIBAL ; iv, PriOH- PyHOTS ; v, KMnOy
Scheme 6
A new synthesis of L-apiose uses the photochemical reaction of
the (-)-8-phenylmenthyl ester of phenylglyoxylic acid with 2,2-di-
methyl-1,3-dioxalen to generate the oxetan (18) with 96% d.e.,
leading in turn to the branched-chain si.\gar (19) and the apioside

(20) (Scheme 7).8

P G

COaR CH,0H
(18) (19) (20
Reagents: L, H*-MeOH ; ik, LAH ; i, Me,CO-H*; iv, RuOq
Scheme 7

A new Claisen-type rearrangement for making o-substituted
acrylic esters from allyl alcohols has been applied to carbohydrate
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allylic alcohols, glycenoside (21) giving the C-5 substituted
heptenuronate (22).9

phso,  Me

< >? eO] <\ <C02Me >
OALL
(2{) 22)

Whereas the cyclic carbonate (23) reacts with tributylstannane
to give only the expected 3-deoxy-3-C-hydroxymethyl product (24),
the corresponding «-hydroxyethyl derivative (25) gave both the
deoxy product (26) and the 3-C-ethyl branched-chain isomer (27), the
ratio depending on the concentration of the reactants.lo

><

GHOH

(23) R= H R

(25)R=Me (24)R=H  (27)
(26) R=Me

The formation of branched-chain amino-sugars from enaminals and
from branched-chain glycosiduloses is referred to in Chapter 9.

2 Compounds with an R-C-N Branch

A note has been published on the conversion of an acetamido
branched-chain sugar derivative to the corresponding nitro analogue
(L-decilonitrose) by sequential N-deacetylation using calcium in
liquid ammonia followed by m-chloroperbenzoic acid oxidation.11
Syntheses of D- and L-rubranitrose by Brimacombe's group are
mentioned in Chapter 10, and the synthesis of 3'-C-methyldauno-

rubicin (containing vancosamine) is covered in Chapter 19.

3 Compounds with an R-C-H or R-C-R Branch

A review on syntheses involving C-C bond formation via radicals
from organotin and organomercury compounds includes examples

of branched-chain sugars.12 Thermally or photochemically induced
free-radical C-C bond formation between allyl- or methallyl-tri-
butylstannane with carbohydrates with suitably labile halogen,
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oxygen, or selenium substituents can yield deoxy branched-chain
sugars in good yield, as illustrated in Scheme 8; the stereochem-
istry results from steric approach contr01.13 A similar reaction
of a vinyl-stannane with the 3-O-methyl xanthate of diacetone
glucose gave a mixture of the branched-chain sugar (28) and the

reduced 3-deoxy sugar (Scheme 9).14

0
OXO . \@ >< 7
Pho- c o — /5

AH
MeS- c L

Raogenb L, X" 5nBug~hy 80% S (23
Scheme 8 337) 30%
Reagenis:i BugSn"x COzEL-AIBN

Scheme 9

Cycloaddition reactions leading to branched-chain sugars have
been further exploited. Addition of toluene-p-sulphonyl isocyanate
to glycals under high pressure (see Vol.18,p.142) leads to B-lactam
derivatives of 2-C-carboxylated sugars; further glycal examples
suggest that (i) addition occurs on the face opposite to the C-3
substituent, (ii) addition is reversible, retro-addition occurring
on standing at room temperature or on heating, (iii) on heating
under pressure lactams rearrange to x,p-unsaturated amides, e.g.
(29)—-(30), and (iv) methyl glycosides arise by methanol substit-
ution at C-1 with inversion, e.g. (31)-—>(32).15 1,3-Dipolar

CH,0Ac
Q NTs =0 0 0, 0Me
B / OAc
¢ AcO
OAc CONHTs CONHTs
(29) (30) (3 o (32

cycloadditions of nitrones to sugar «,B-unsaturated lactones and

enones have been found to be regiospecific, with addition prefer-

entially trans to existing ring substituents; examples are given in

Scheme 10. Another paper reports a similar observation on an
CHZOAc CHzoAC

0, 08z
0o —> Q — Q
sz’ N/o
R1

1 2
do : 73 R ,R"=Ph Bn,«@orw
ende rexe Scheme 10 .
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enone and notes that nitrone addition to a hexenoside was less

regiospecific, as indicated in Scheme 11.17

cugou CHR0H
0

i Ph N,
% O \ N+ ’ 0 0 —_ [/ O
Ho OEL 4 P Ot 3 2

Re,agemt L, PhNCO
Scheme 11
Reaction of organocuprates with the hexenoside (33) yields 2-C-
alkyl branched-chain sugars (34) by allylic displacement. Analog-

ously, the terminal alkene (35) gave the chain-extended sugar(36)}8

CH20Ac CHQOAC CHy Et
3 0
R = P’Ie, 0
0Bn g OBn
ACO\—/0Ft MsO OMe OMe
(33 (34) (35) ©Bn (3g) ©Bn

Several methyl 6-deoxy-hexopyranoside 2- and 4-tosylates undergo
rearrangement to branched-chain sugars on treatment with lithium
triethylborohydride, e.g. (37)—(38) and (39)—(40) . 1° Methyl
6-deoxy-2,3-di-0-tosyl-x-D-galactopyranoside yielded both a 3-deoxy-

0 OMe 0. OMe TsO O OMe o OMe
Merso — HOH,C Me — {cH,0H
HO Me, Me
OH OH OH

OH OH

(3D (39 (39) (40

3-C-hydroxymethyl-xylofuranoside and a mixture of 3,6-dideoxy-hex-
osides, epimeric at C-4, as outlined in Scheme 12.20

Me

Me 0
<« —\ oM
H20H ] C“O 075 __» HO~#
— J/ OMe

OMe OTs
Scheme 12

A study on the Knoevenagel reaction of some aldehydo dialdose
derivatives with pentane-2,4-dione revealed that acetyl transfer
can occur, with further Michael addition of the reagent to the
resulting enone (Scheme 13).21

The absolute configurations of 1,3-dideoxy-5,6-0-isopropylidene-
3-C-methyl-D-ribo- and D-lyxo-hex-2-ulose have been reported.
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An orthoester derived from the exocyclic unsaturated branched-
chain sugar (41) underwent Claisen rearrangement to form the gem-
disubstituted branched-chain sugar (42)(Scheme 14); the stereo-
chemistry of (42) was deduced from the fact that the derived
C-formyl sugar (43) did not form a hemiacetal. The 5-epimer of

(41) behaved similarly. 23

CHO (AcoleH o (Ac),CH  CHaAc
" = b
——— 4\
OH
o)

o\

Scheme 13
CH,0COBu*
HO 0
CO,EL
~ 3 _.__, _ CHz bt —— Me L
O CH =CH, CHO o)(
CHon
(41) (42) (43)
Reagents: L, PhyP=CHCOZEL ;ib, DIBAL ;iii, MeC(OEL); EELCORH (135°)
Scheme 14

Methods for preparing geminal di-methyl branched-chain sugars
have been described, using either dichlorocarbene addition to a
methylene-substituted derivative (satisfactory for the 3-substitut-
ed pyranoside (44) derived from glucose) or by methylcuprate
addition to the 4-C-methyl-hex-3-en-2-one (45) leading to the
3-deoxyhexosid-2-ulose (46) or the xylo-hexopyranoside (47)

(Scheme 15). A similar sequence on a 2-C-methyl-hex-2-en-4-one

0 CHZOTT CHon‘r‘
3
o i, CL
Ph i
Cl u Me
0\3 OMe CH20Tr
CHZ OMe
46
(44 (45) ( ) OAc
m, vii Mo OMe
Reagents: i, CHCL3 - KOH (PTC) ii, Ho - Raney Ni ; iii, Me, Culi yw, TMSCL;
v, NaBH4 - CoCly } Vi, Ha0p-OH™; vii, Aczo—pﬂ a7 OAc
Scheme 15 [XyL:Ara = 2:1]

gave the corresponding 2,2-di-C-methyl branched-chain sugar.24
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The same dichlorocarbene approach for preparing a 4-di-C-methyl
derivative from mannose is mentioned in Chapter 24.

Reaction of 2,3-0-isopropylidene-D-glyceraldehyde with a silyl-
ated enacetal leads to the 2-deoxy-2,2-di-C-methyl-erythro-pentono-
lactone (48).25 Full details of the Diels-Alder reaction of a
glycosenone mentioned last year (Vol.18,p.143,ref.41) have been
reported.26 Wittig reaction on a nucleoside glycosulose derivative
led to the branched-chain sugar analogue (49), which was cyclized to
the lactone (50) and dehydro derivative (51).27 Other branched-

CH0H
O Me
Me Y
OH Me

(49) (49) % (59 ° (s
chain sugar nucleosides are mentioned in Chapter 20.
Reaction of a fused-ring branched-chain sugar is referred to in
Chapter 13, and other branched-chain sugar derivatives are
mentioned in Chapter 24.
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Aldosuloses and Dialdoses

1 Aldosuloses

A review - "Regioselective Manipulation of Hydroxy Groups via
Organotin Derivatives" ~ refers to the preparation of aldosulose
compounds.l (See examples in Scheme 1).

Glycosid-2-ulose derivatives mesylated at 0-4 give access to
enolones, e.g. (1), from which glycosid-3-ulose compounds, e.g.
(2), can be obtained. Such compounds give good access to specifi-
cally deuterated analogues.2 Some reactions of compound (1) and
closely related enones are detalled in Chapter 13.

CH, 0Bz CHZOBZ
O N
\ OMe
BzO o} OH OH
0 ( ®
6] (0] (o]
p Ph Ph
h—<O [¢] —<o [¢) _d<o @)
Me MeSCHp
OMe OMe “CH, ——7 OMe
0 0 Me st Me
MéE 0

) ®) (6)

Several cardiac glycosides isolated from plants are glycosides
of aldos-2-uloses, e.g. (3), which is based on 6-deoxy-D-xylo-
hexos-Z—ulose.3 Others are based on the 3-methyl ether of this
sugar,3 on Ll,6—dideoxy—3-9—methyl—D—erythro-hexos-2-ulose,u and on
4-deoxy-3-0-methyl-D- and —L—glycero-pent05—2-ulose.5

The glycosid-3-ulose derivative (4) was obtained from the
corresponding D-ido-alcohol by use of acetic anhydride - DMSO for
4 n. When, however, this was extended to 4 days the doubly
branched product (5) was obtained, by sigmatropic rearrangement of
the intermediate (6).6

The potentially valuable observation has been made that treat-

ment with bromine of per-0-tributylstannyl derivatives of methyl

148
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glycopyranosides with equatorial aglycones usually gives 3-ulosides
in greater than 90% yield, whereas reaction of those with axial
aglycones normally afford the 4-ketones in 70-80% yield, although,
exceptionally, methyl B-D-galactopyranoside and methyl a-D-manno-

pyranoside showed no high regioselectivity.7 These general-
izations are illustrated in Scheme 1.
OR OH
RO o] i HO [0}
—_—
RO OMe OMe
OR 0 OH
OR o) OH
RO 0 . 0 R = SnBuy
v
E—
RO HO
OR OMe OH OMe

Reagent : i, Bry Scheme 1

The oxidation of 1,2:5,6-di-0-isopropylidene-a-D-glucofuranocse
with acetic anhydride-DMSO is improved when the reagents are pre-
mixed to allow formation of the reactive complex.

Collins and coworkers have continued their studies of photo-

chemical reactions of aldosulose derivatives. Pyranos-3~uloses
(7) R R R% = Me,; H,Et; Me,OMe ; £ OMe (8
R3 = Me | Ph
Reageal : &, hy Scheme,2

(7) photoisomerized to the D-mannono-1,5-lactones (8) by a

0<:J§ O?fo . to/o?o' 1
XL)(

J o)\’

Reagents: L, hv-MeOH ; ik, hv- C¢Hg
Scheme 3
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mechanism which presumably involves hydrogen transfer from C-1 to
C-3 (Scheme 2),9 whereas furanos-3-ulose derivativesreacted quite
differently (Scheme 3), and these differences were discussed in
detail.lO

Synthesis of the racemic octosid-6-ulose derivative (9) has been

reported from the uronate (10) in connection with lincomycin

Me Me
OAc

0 CO,Bu < o

AcO 0 0 N
OM

OAc OMe ¢ HO O_ OMe
OAc

9 (10) OBn OBn

(12)

Studies.l1

2 Dialdoses

Reactions of several dialdose derivatives with furan or 2-methyl-
furan gave, in the presence of chloroacetic acid, condensation
).12 Other

chain-extension reactions of such aldehydes are noted in Chapter 13

products with the (S) configuration, e.g. (11) and (12
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Sugar Acids and Lactones

1 Aldonic Acids

The rate and efficlency of crystallization of calcium gluconate from
solution following the electrode oxidation of glucose have been
investigated,l and this reaction at a platinum electrode is markedly
catalysed by submonolayers of heavy metals (e.g. thallium,
palladium, bismuth) deposited at under-potentials. This has been
interpreted in terms of reduced electrode poisoning.2 Treatment of
3-0-methyl-D-glucose with lead hydroxide in water gave the isomeric
2-deoxy-3-0-methyl-D-arabino-hexonic acid; in the presence of
sodium hydroxide, however, the products were a- and B-gluco-meta-
saccharinic acid.3

Celloblose, maltose and 4-0-methyl-D-glucose with anthraquinone
2-sulphonic acid in dilute sodium hydroxide solution degrade to
give a series of substituted aldonic acids:

4-0-Methyl-
Cellobiose Maltose D-glucose

2-0-substituted-D-erythronic acid 19 32 20
3-0-substituted-D-arabonic acid 2 5.5 } 17
3-0-substituted-D-ribonic acid 0.5 2

4-0-substituted-D-gluconic acid 2 5 ] 25
4-0-substituted-D-mannonic acid 2.5 7

3-0-substituted pentose acid (1) 8 8 32

Mechanisms for the reactions were formulated based on these pro-
ducts and non-carbohydrate products, the main pathways being

thought to involve 2-uloses and 2,3-diuloses. Compounds (1) are
believed to be formed by benzilic acid rearrangement reactions
CH,OH CH,OH CH,O0H
(o} 0 0
OH o — 0 — o
RO RO = RO
Y Ho @ GO HO" COgH

Scheme 1 O

151



152 Carbohydrate Chemistry

(Scheme ].).Ll
An interesting photochemical rearrangement of 1,2-0-alkylidene-

hexos-3-ulose derivatives to 2,3-0-alkylidenehexono-1,5-lactones is
described in Chapter 15.

A stereoselective synthesis of methyl 2-amino-2-decoxy-D-gluconate
from 2,3-0-1sopropylidene-D-glyceraldehyde is outlined in Scheme 2.5

Sn
7N
CHO 0 Q . 0 L=V gAc
1:0>< + </ A \/k/’\‘/cone
° s Ac ﬁHAc

Reagente: i, (Im),CO ;ii, NHy0Bz ; ik, LAH ; iv, Ac,0-Py ;¥, Ru0y- 104 ; Vi, CHy Ny
Scheme 2

The preparation of several aldonolactone-based orthoester-linked

disaccharide derivatives, e.g. (2), which has a similar structural
CHoOH
HO o]
HO 0
HO
Q
0
HO OMe
HOH,C (2)
feature to that of the orthosomycin family of antibictics, has been
reported {(c¢.f. Carbohydr. Res., 1983, 121, 175, 187). Distereo-

isomers were formed and were structurally assigned from optical
rotational and 130 n.m.r. data using an X-ray crystallographic
structure for reference (Chapter 22).

Reaction of D-ribono-1,4-lactone with benzaldehyde in the pre-
sence of acid gives a 3,4-0-benzylidene derivative of the 1,5-
lactone (Chapter 6); Dborate esters of aldonic and aldaric acilds
are referred to in Chapter 7; 2,3-unsaturated aldonolactones are
noted in Chapter 13. Other syntheses and reactions of aldonic acid
derivatives are referred to in Chapters 12 and 16.

2 Saccharinic Acids

A study has been reported of the alkaline degradation of alginates
to various carboxylic acids. High alkalinities favour the pro-
duction of glucoisosaccharinic, anhydroisosaccharinic and 2-deoxy-
3-C-methyltetraric acids, whereas 2,3-dideoxypentaric acid was the
major product formed at low concentrations. Calcium lons promoted
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the production of a-glucoisosaccharinic acid, 3,4-dideoxyhexaric

and 2-hydroxybutanoic acids. The products suggest that the polymer

chains were degraded from the reducing ends or from these ends of

polymer fragments.7
Acid-catalysed reaction of a-D-glucoisosaccharinic acid (3) in

an autoclave gave the C-2 epimer of (3) and the anhydrides

(1)-(9).8

CHo0H CH,OH CH,0H
o) 0 0 0 _COoxH
HOH,C =0 HO HO,C
CH,0H
OH COyH OH OH
() “ (8 (&
0_ CHo0H 0 o]
HO H02C
COsH HO HO
OH COH OH
(7) (8) (2

3 Ulosonic Acids

Optimum conditions for the oxidation of the primary hydroxy group

of 2,3:4,6-di-0-isopropylidene-L-sorbose at a chromium-nickel steel

grid anode were developed to glve yields in excess of 70%.9
Danishefsky and coworkers have developed the route outlined in

Scheme 3 for the synthesis of 3 ~deoxy-DL-manno-2-octulopyranosonic
CHQOH

phSe Me Ph Se.
O CO,H
Bzo% / \ / T
OT™MS

Reagent: i, BFy Scheme 3

acid (KDO).10 Aldol condensation of 2-acetamido-2-deoxy-D-glycer-
aldehyde with di-tert-butyl oxaloacetate at pH 12 gave the branched-

O_COyBut 0 _COH /CHZCH fHMe
OH chb
AcHN OH COxBU"  ACHN

CO,Bu? Me

(o) (11) (12)
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chain ulosonic acids (10) and (11) in modest yields in the ratio
3:1. The work was repeated in the L-ser'ies.11

The nonulosonic acid (12) has been identified as a component of
12 ana 5-
acetamido~-9-0-acetyl-3,5-dideoxy-D-glycero-D-galacto-2-nonulopyranocs

some O-specific Shigella and Pseudomonas polysaccharides,

-l-onic acid (N-acetyl-9-0-acetylneuraminic acid) has been made by
treatment of 2-acetamido-6-0-acetyl-2-deoxy-D-mannose with pyruvic
acid in the presence of immobilized acylneuraminate pyruvate ligase.
The product has been reported to be present in embryonic and tumour
cells. The starting sugar was prepared from 2-acetamido-2-deoxy-
D-mannose via partially silylated intermediates.l3

4 Uronic Acids

D-Glucuronic acid, isolated as the sodium salt, has been prepared
following palladium-catalysed air oxidation of 1,2-0-isopropylidene-
a—D—glucofuranose.lu The biosynthetic precursors of the L-
guluronic acid of alginic acid are D-glucitol and its 6—phosphate,15
and the trihydroxypiperidine (13), a derivative of 1l-deoxynojiri-
mycin,has been 1solated from seeds of Bapia racemosa and found to
be an inhibitor of human liver B-D—glucuronidase.l
Products from oxidative and non-oxidative alkaline treatment of
D-galacturonic acid were analysed using glc-mass spectrometry and

found to contain 13 hydroxymonocarboxylic acids and 26 dicarboxylic

acids. In the absence of oxygen the main products were 3-deoxy-
COpH CO,H CH(OA()Z COQH
NH
OH OAc
HO
OH
(1) U@ 0@ (16

lyxo-hexaric, 3-deoxy-xylo-hexaric, malic, tartronic, C-methyl-
tartronic, lactic and 3-deoxytetronic acids. In the presence of
oxygen they were arabinonic, threonic, malic, tartronic and glycolic
acids.17 Degradation of D-galacturonic acid, or its tetra-0-
acetate, in the presence of various bases, gives compounds (14)-(16);
conditions were found for obtaining good yields of either (14) or
(16).1

Compounds (17), required for carcinogenicity studies, were pre-
pared from either D-glucuronic acid triethylammonium salt or D-
glucurono-6,3-lactone by treatment with the corresponding aryl
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co; NHEt X
OH
O s
N R = —o@x
(17
) X
X =HeorCl
hydroxyILamines.19

Some unsaturated uronic acid derivatives are referred to in
Chapter 13.

In the area of furanoid uronic acids, a sterol conjugated as a
D-riburonofuranoside has been isolated from an Argentinian plant

Bauhinia candicans,20 and 6-amino-6-deoxy-D- and -L-glycero-D-

gluco-hepturonic acid have been made following condensation between
3-0-benzyl-1,2-0-isopropylidene~D-xylo-pentodialdose and ethyl
nitroacetate.zl

Some interesting reactions of compounds of this class have been

reported. D-Glucurono-6,3-lactone (18) has given rise to a series
[¢]
AcO LOAc OAc
Q . (0] OAc
A
HO o —
4 CH CH(OAC)
e} ~ QH OAc 2
» 9 OAc
\LLL
OH T OH o
(18) HO— ) OH ™ w ~
o s — AcOW 0
Y OH "
\4
c0 Q \\\ o]
‘ 0 AcO
OA
+ o] S/> W % CS/«7
CH g = 0 S
S/L\S
1 / QAc OAc

. . . SH .
Reogenks: L, Acp0-BF3; i, EEgN ; i, ESH - H+; v, Aca0-EbaN ; v, Acy0

Scheme 4
of unsaturated compounds (Scheme U),22 and compound (19) can be

COzH COQMe

]
OTs AcO
20)

(19) (21) (22)
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converted in moderate yield into the unusual compound (20) and
thence into (21) and (22).°3

5 Ascorbic Acids

An extensive review of L-ascorbic acid covering synthesis, sub-
stitution reactions and oxidation has appeared.23a
Reaction of ascorbic acid with superoxide ion (027) gives the

derived radical anion.2u The CIDEP technique has been used to
detect the neutral ascorbate radical in photochemical reactions
between ascorbic acid 6-palmitate and benzophenone,25 and other
carbonyl compounds,26 and e.s.r. was employed to show the presence
of ascorbate radical derived photochemically from sodium ascorbate
and methylene blue. In the presence of oxygen, hydroxy radicals
are produced, suggesting that it could initiate radical damage in
this photodynamic system.27
A review has been published in Japanese on the crystal structure
of dehydro-L-ascorbic acid and its dimer,28 and the X-ray analysis
of a cis-diaminocyclohexane-platinum-L-ascorbic acid complex has
shown that the acid is bonded to the metal at C-2 and 0-5 (23).29
The iron-chelating properties of L-ascorbic acid and the structure

of iron(II) ascorbate have been examined in relation to iron

absorption. The acid forms 1:1 cationic complexes with Ca2+,
Mn®*, co?*, cu®t, zn®* ana ca?t.30
CH,0H
0 NHy
AN Meo, ~°
PEF=0 oMe
Mée
0 OH
(23) (24)
Dimolar allylation of L-ascorbic acid gives the 2,3-dlether as
major product,B1 and reaction with the dihydrofuran (24) gives the

branched lactone (25) probably by way of pent—2—ena1—4—one.32

Some hydrazine products are noted in Chapter 10.

Various aspects of the oxidation of L-ascorbic acid still
attract attention. An immobilized pumpkin oxidase has been used
for quantitative analysis of the vitamin in foods; the
immobilization stabilizes the enzyme significantly.33 The acid
acts synergistically with o-tocopherol and 6-hydroxy-2,5,7,8-

tetramethylchroman-2-carboxylate as an antioxidant in linoleic
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acid autoxidations in micelles.Bu

A review (in Japanese) on oxidations with heavy-metal catalysts
has appeared,35 and specific studies with the following metal ions
have been reported: palladium black,36 copper(II)~EDTA (in
37

Chinese), and chitosan-copper(II) and -iron(III) complexes (in

Korean).38 Bromate-cerium-sulphuric acid oxidation leads to

oscillations of the Belousov-Zhabolinskii type,39

and aerobic
oxldation studies have indicated that further oxidation products

can be formed without the initial formation of dehydroascorbic

aciq. o
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Inorganic Derivatives

1 Carbon-bonded Phosphorus Derilvatives

The structure of compound (1) has been determined by X-ray
crystallography, and its éolution conformation and those of several
analogues by lH n.m.r. spectroscopy.1 The phenylphosphinyl com-
pound (2)2 and the hydroxyphosphinyl analogue (3)3 have been made
from D-xylofuranose derivatives carrying phosphorus-containing sub-
stituents at C-5, and the D-gluco analogue of (3) has also been

reported.3
54 ?
AcOCHy p + p~R (2) R=Ph
OH OH
OAc HO (3) r=oH
OAc  CAc OH

Eh)
An isosteric analogue of D-fructose l-phosphate has been

produced as indicated in Scheme 1, and analogues of D-ribulose 1-

CH,0BNn THzobr\
o I 0, OH
i ° PloBr), &
BnO _— BnO I HO ‘Q
NOy OH HO CHa CHp P(OH),
0Bn 0Bn OH

Reagents: i, CHy=CHP(0)(0BR),~ Bu,NF ;ii, Hy0 ik, Hp-Pd

Scheme 1
phosphate and D-sedoheptulose 1,7-diphosphate have been synthesized
s:‘Lmilarly.l4 In related work, the nitroglycosylsulphone (4) was
converted mainly into the nitrophosphonate (5) [with some phosphate

(6)] on treatment with diethyl phosphite anions. On the other
hand, the nitroglycosyl halide (7) gave the phosphate (8) (Scheme
2). Reductive denitration of the nitrophosphonate (5) gave the

glycosyl phosphonate (9).5
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0 ><O
><o 0. nNO, , . NO2 o oP(0)(CEt),
0”01 —— >i * 0”0 N
$o,0m ¢ P(O)0E),
5 i 6
® (m(aJ')or) w o PO0E, (/g:igo'r)
CHQOTT J CHoOTr
0-p(o)iome),
—s >:N 0-p(0)(CMe), ———> N
0 (¢}
>
(7) (®
Reagents: (, Na.P(0)(OMe), ; i, KP(Q)(OEL), i ul, BuySnH - AlBN
Scheme 2

Sugar aldehydes give phosphonates on treatment with dialkyl
phosphites6 which have been used to prepare cyclic hydroxylamine
phosphonates and related compounds (Scheme 3).7

CH
o. 2

N || TeOH 1 f
(Ero) b N~ (oNTo (Er0) P
2 Ui 2l
4 — 4 —
Y ol

[o] H
(E£0), 7" N
2 9 ’
O w

Reagents: L, MeNHOM i, HP(O)(0EEY,, Ex0 3 ik, DDQ; iv,NaBH, 0

Scheme 3

A branched-chain phosphonate analogue (10) of a nucleotide has
been synthesized from the corresponding bromide and used to prepare

a trinucleotide analogue.8

Phe CH CHZC o- CH2

e

(pro)zp -CH, OAc
o (19 (1)
The X-ray crystal structure of compound (11) has indicated that
the configuration at the nitrile-bearing centre is as shown (c.f.
Vol. 14, p.98).9



17: Inorganic Derivatives 161

2 Other Carbon-bonded Compounds

Several glycosyl-metal derivatlives have been reported. Tin com-
pounds have been prepared and used to obtain lithium analogues and
hence C-glycosides, all with good steric control (Scheme yy .10
CH,0Bn wSnBuy L
o YT
! — oBn ! il « . I
(_2 BnO /o Ty SN 1)
<
\'SnBua Li

Raogo_nbs . L’ Bu.SSn Liyu, Buli i, Lt napi'\_uwle,mi,dz ‘,‘L\I, Eu.35nCl,
Scheme 4

The first record of tellurocarbohydrates has appeared (Scheme
5).11 A glycosyl manganese compound has been made in similar
fashion and used to prepare a C-glycoside (Scheme 6).12

CHpOAC o CH,0Ac

4 o]
o) ~ TeP ><
+ —Ee‘z\ /O C;/\O o TePr

OAc 1 + Et3NH }p\ i &7 Ae

AcO Br o ° AV AcO
OA
OAc 1>WTC>; ©

Reagents: i, MeOH-Og | it, NaBH, ; ii, Prér

Scheme 5
CH,0Me CH,0OMe
< Mn(co) LA COMn{CO), . 0_Cco,Me
OMe ! > 1 _—> 1 —_— OMe
MeO Br ~ - MeO
OMe OMe
Reagents: (, NaMn(CO), ; i, CO jiii, MeOH ~Na,COy
Scheme 6

Reaction of tetra-0-methyl-g-D-glucopyranosyl (35—cyclopentadi—
enyl)dicarbonyl iron with triphenylphosphine in benzene causes
ligand exchange leading to the analogue with triphenylphosphine

replacing a carbonyl group (85% yield). The process occurs with
partial chirality transfer to iron and gives a 70:30 mixture of
diastereoisomers.13

Fast atom bombardment mass spectrometry has been used to analyse
organometallic mixtures produced in solution on addition of hetero-
cyclic palladium compounds to furanoid and pyranoid glycals. The
products were nucleoside analogues bearing palladium at C-2 and
further products of their reaction.lu Compound (12) was examined

by n.m.r. and m.s. methods.15
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Mercury-contailning intermediates have been isolated from the
reaction of 6-deoxyhex-5-enopyranose derivatives with mercury salts
in aqueous media, which leads to deoxyinososes (Chapter 13), and a
C-2-platinum derivative of ascorbic acid is noted in Chapter 16.

NHR
CH,OAC N=C
CH=N, _S
Q Me O
n AY
OAc N HO N=(
0 NHR
AcO 4 N’\= OH
) OH
PdwO Me
PhyP~
3P, CH, OH
(12) (13) R= H,aliphatic,
aromatic.

3 Oxygen-bonded Compounds

A useful review has appeared on the application of tin reagents in
the selective substitution and oxidation of carbohydrate deriva-

tives.l6

Mannofuranosyl mannofurancsides have been made using
2,3:5,6-di-0-ethylboranediyl-o-D-mannofuranoyl bromide and 1-0-tri-
butylstannyl and 1-0O-triethylborate derivatives of the sugar.17
2',3'-Dialkylstannylene derivatives of nucleosides have been made by
use of dialkyltin oxides and characterized by infrared and 1193n
Mossbauer spectroscopy.18 Selective alkylation of glycosides by
use of tin intermediliates 1s referred to in Chapter 5.

Copper complexes of D-glucosone bisthiosemicarbazones (13) have
antitumour activity.19
‘Considerable work continues in the field of metal complexing
with sugar derivatives. Complexes between univalent cations and
cyclogentiotetraose peracetate have been shown by FAB-MS to be 1:1
crowr-11ke species.zo

Complexes of sugars have been reported as follows: L-arabinose
with magnesium halides;2l sugars, polyols and glycosides with
calcium and lanthanum ions (t.l.c. study, alditols with the threc-
threo sequence complex more strongly with lanthanum than with
calcium);22 mannose, glucose, xylose, arabinose with boric acid
(130 and equilibria study);23 mono- and disaccharides with Sn(IV),
Sb(V), and Te(VI) hydroxyanions;zu mannose and nickel N,N'-dimethyl
-ethylenediamine (a crystalline complex containing two B-pyranose
and one B-furanose units is formed).25’26
carried out with D-glucose and D-fructose, the latter giving the

crystalline compound (14), which is a glycosylamine derivative, on

Related studies were
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reaction with nickel tris(ethylenediamine).z7

Complexes formed between epi-inositol 1,6-anhydro-f-D-hexo-
pyranoses and ytterbium(ITII), thulium(ITII) and erbium(III) have
been studied by 130 n.m.r. methods.28 Similar studies were carried
out on the natural product muellitol [1,3,5-tri(3-methylbut-2-enyl)-
scyllo-inositol] in the presence of several lanthanide shift

reagents.29
0
>)<O o}
0]
OH O’AT
(14) (15)

The structures of the complexes formed between phytic acid
(myo-inositol hexaphosphate) and zinc lons have been studied by
X-ray diffraction and thermal analyses.30

H.p.l.c. retention times have been used to study the binding of
metal ions (Mg2+, N12+, Zn2+,
The reaction of nucleosides with cis-dichlorobis(dimethylsulphoxide)
platinum(II) has been studied by 360 MHz lH n.m.r. and 130 n.m.r.
spectroscopy and shown to be dependent on substitution of DMSO at
the metal.32

platinum(II) and the D-allofuranose aldoxime (15) give a blue

Cu2+) to nucleosides and nucleotides.31

In the presence of oxygen, cis-diamminedichloro-

paramagnetic species which is believed (e.s.r., n.m.r. studies) to
involve coordination between the metal and the nitrogen atoms of
the carbohydrate.33
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Alditols and Cyclitols

1 Alditols

6-Deoxy-altritol has been shown to be present in the cell wall poly-

saccharide of Nocardia asteroides, along with arabinose, galactose,

and glucose, the first reported occurrence of this alditol in
nature.1 D-Sorbitol and its mono-phosphate have been detected in
brown seaweeds.2 Anhydro aminoalditols have also been character-
ized in natural sources. (2R,3S)-2-Hydroxymethyl-3-hydroxypyrrol-
idine (1) occurs in Castanospermum australe,” and a 4-hydroxy

analogue (2) has been isolated from the african tree Angylocalyx
boutiqueanus (stereochemistry not assigned).4 A piperidine
carboxylic acid derivative is mentioned in Chapter 16.

CHoOH
H
N N
HOCHy
OH HO OH
©) ®

The preparation of D-mannitol from standard monosaccharides5 and
the processing of hardwoods for producing xylitol and other polyols
and monosaccharides6 have been reviewed. The hydrogenation of
xylose to xylitol over a molybdenum-promoted copper catalyst7 and
of glucose over a nickel-titanium catalyst™ has been studied. The
hydrogenation of D-fructose and D-fructose/D-glucose mixtures over
various metal catalysts has been investigated. The selectivity for
D-mannitol from D-fructose was highest for copper/silica, and
fructose is preferentially hydrogenated via furanose forms; a
proposed mechanism of attack at the anomeric centre with inversion
also explains enhanced mannitol yields using borate esters of
fructose, and the diastereoselectivity of the hydrogenation of
seven other ketoses.9 A further study examined the combined action
of an enzyme with a metal catalyst; good yields of D-mannitol
resulted from glucose-fructose mixtures using D-glucose isomerase
immobilized on silica in conjunction with a copper/silica catalyst.l0

Glyceraldehyde has been used as a chiral source for several

165
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polyol derivatives. Tin-catalysed condensation with a bromomethyl
ketone led to the threo product (3), which was converted in standard
steps to pentaacetyl 2-amino-2-deoxy-D-arabinitol (4)(Scheme 1).11

QTMS OTMS
o}
¢Ho Br . COMe CO,Me CHZ0Ac
G T Br—{4 = 4 — N, ——> ACHN
X 0 o

Q 5 |- OH s Ohc OAc
e} OAc
0 CH,0Ac

Reo.genbs : L, Sn(OTF)z- Et@ N (3) (4)
iF, Mg (Ng), i, Acz0-Py
Scheme 1

A stereoselective aldol condensation with the boryl thio-ester deriv-
ative (5) gave the syn isomer (6) of the 2-deoxy or 2-C-branched
pentitol (Scheme 2). 2 High syn stereoselectivity was also shown
in reaction with organocopper reagents, leading to the anhydro-
pentitols illustrated in Scheme 3.

The use of (S)-malic acid as a source of 2-deoxy-D-erythro-
tetrose and hence 1,2-anhydro-3-deoxypentitols en route to
milbemycin is mentioned in Chapter 24.

oN COSPh CHoOH
Q ; [ B-0 CHO . R R
RCHCSPh — 0 + 1) —_— o — on
R~CH SPh O>< 0 0

©) o>< o><

O .
Reagents: i, [[3BCL- PryNEE; I, LAH A
Scheme 2 ©

cH
e g 0 cnon
CH-SiMey SiMey

CHO . HO - 2 4o

0 T X e

SiMe;
Reoge,nts;{‘//k,,‘siv_' Me,5-Cul ik, BuPo H-VO(acad), ; i, Bu*OK- BusNF; iv, NaOH- Bu*oa

Scheme 3

The synthesis of (4S)-pentane-1,2,3,4-tetrol (7) from (S)-2-
benzyloxypropanal by condensation with benzyloxyacetic ester has
been reported (Scheme la).“’

OBn g OBn OBn
/\CHO + BnOCH,CO,Me LA CQZP’Ie
Reagent : i, LDA ] (4 isomers)

Scheme 4
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The deamination of 2-amino-2-deoxy-D-galactitol has been studied;
both C-3 epimers (xylo and lyxo) of the corresponding 2-deoxy-
hexitol could be detected, depending on the conditions, besides
other minor constituents; these results are significant for deamin-
ation studies on mucus glycoproteins containing such amino-hexitol
units.15

Reaction of per-0-diethylboryl glycosides with diethylborane-
9 BBN mesylate causes mostly endocyclic cleavage of C-0 bonds lead-
ing to alditol derivatives; thus the derivative of methyl g-D-
glucopyranoside gave 90% D-glucitol and only 10% exocyclic cleavage
to 1,5-anhydro-D—g1ucitol.16

The furoisoxazoline (8) has been used for the total synthesis of
amino-deoxy pentose and pentitol derivatives, synthesis of the
latter being outlined in Scheme 5.17

CHpOBub
o OH  OH o:><:o OBut OAc  OAc  OBWf
\ ) CH,0BUY or
\ N — / ——
O/ —N OH  NHy Ac  NHp
®

Reagents: L O3 i, NaBH, Scheme §
The racemic 2-amino-2-deoxy-erythro-tetritol derivative (9) has
been prepared by iodocyclization of the acylamino-alkene (10) as

indicated in Scheme 6.18

cCly CCly 0 CH,0Bn
N . N/\ - PN - I:NHAC
— 9 —— N 0 —— OAc
BnO P S
ﬂ CHp0Ac
BnO I BnO OH
(19 ®©
Reagents: i, NIS ; i, MeOH-H™ ; iii, Resin (CO3*) ;iv, KOH-MeOH ; v, Ac,0-Py
Scheme ©

l1-Amino-N-octyl-1-deoxy-D-glucitol has been prepared from octyl-
amine and D-glucose and used as a chiral resolving agent for
preparing Naproxen (D-2-(6-methoxy-2-naphthyl)propanoic acid

A number of l-deoxy-l-nitro-hexitol and -heptitol derivatives
have been prepared from D-glucose, and their spectral data record-
ed (including CD and ORD).20 A synthesis of the higher-carbon
alditol, L-galacto-D-galacto-decitol, has been described, using the

) 19

dialdose prepared from galactose and Wittig reactions to extend the
sugar chain two carbon units at a time, as outlined in Scheme 7;

the D-galacto-D-galacto isomer was also obtained.2
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A standard sequence of conversions has been used to convert 1,6-
dibromo-1,6-dideoxy-3,4-0-isopropylidene-D-mannitol by chain elong-
ation to the 3,6-diamino-1,4;5,8-dianhydro-L-manno- and L-ido-
octitols (11).22 Acyclic sugar nitro-alkenes undergo Michael
addition with cyclohexa-1,3-dione and then cyclize to the corres-

ponding heterocyclic compound (12)(Scheme 8).23 The 3-deoxy-3-
CH=CHCO,Me é><§ §><b
050 CH-CH-CHO CH=CH-CH=CHCHO
0 —— 5 — 5! —— Decitol
< <
o~ Scheme 7
NHgo
o H CHN02 CH2N02 O
—_ NOH
0 "
NH o R
(1 1) (H syn) R= Peracetylated sugar chain (12}
Scheme 8

hydrazino-D-glucose derivative (13) gives the trihydroxypropyl-
diazole (14) on treatment with acid, which was converted to a

series of analogues of 9-(2,3-dihydroxypropy1)adenine.24 Other

><O
0] 0
N . NHNH;
o .
OTs 3 0)(
(13)

polyhydroxyalkyl derivatives of nitrogen heterocycles are mentioned
in Chapter 10.

CHZOH 14)

Anhydro derivatives of alditols.- A four-step synthesis of 2,5;3,6-
dianhydro-1-deoxy-D-glucitol (15) has been described, starting from
1,6-dibromo-1,6-dideoxy-D-mannitol; (15) was also converted to the
5-amino analogues (16) and (17) in standard steps.25
(18) prepared from ribonolactone can be cyclized under electro-
philic catalysis to give the 2,5-anhydro-hexitols (19).26

The hexenitol

CHyBr CHQNH3C1 CHZNMe c
TsO:j
o\/k_ :i ;
CHEB\"

(15) (1 6) (17)
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1,5-Anhydrocellobiitol (20) has been used as a model for investigat-
ing the oxidative degradation of cellulose promoted by iron. Oxid-

ation of either sugar unit occurs (at C-6 or C-3'respectively) with

release of the other unit as glucose or 1,5-anhydro-glucitol.

CH=CH, CH,0Bn CHZOH 0

0 0

X — <

OH CHyX
CHy0Bn o o

X= Br I,
(18) >< HgOAC,Ph Se
(19) (9 (21)

A new method of D-glucan analysis involves reductive cleavage of
permethylated compounds with triethylsilane and trimethylsilyl
triflate or boron trifluoride-etherate as catalyst, followed by
acetylation, which yields a series of acetylated, methylated
1,5-anhydro-glucitols. A number of isomeric substituted 1,5-

28 B-Glycosyl-

anhydro-glucitols were synthesized as references.
methylamines of lactose, cellobiose, and maltose have been prepared
by reduction of the corresponding nitromethyl C—glycosides.29 The
electrochemical oxidation of isosorbide (1,4;3,6-dianhydro-sorbitol)
to the corresponding dianhydro-hexulose (21) has been reported.30

The reduction of glycosyl isoselenocyanates to 1,5-anhydro-
hexitols is mentioned in Chapter 10.

Cyclic imino derivatives of amino-alditols.- Several laboratories

have reported studies on these compounds, which can show glycosid-
ase inhibitory activity. Fleet's group has studied the plant
alkaloids (22)-(24) which are analogues of glucose, fructose, and
mannose respectively; analysis of the inhibitory activity of these
compounds towards a variety of glycosidases has shown that the
previously reported activity of compound (24) is actually due to

the fructose analogue (23).31 They have used a 2-azido-2-deoxy-
CH,0H HOCH, CHZOH CH20H
N‘H H
OH HO OH HO
HO CHLOH
OH OH
(22) (23) (24) (@5) (2¢6)

mannofuranoside derivative to synthesize the mannose analogue (24)
(deoxymannojirimycin), the fructose analogue (23) and fagomine (25),

the analogue of 2-deoxy-D-glucose.32 Neither fagomine itself nor
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its 4-0-p-D-glucopyrancsyl derivative, which is found in buckwheat
seed, showed any activity. 3 Another laboratory has also reported
the synthesis of the fructose analogue (23)(via azide displacement
on the sorbose tosylate (26)).34 The 4-0-x-D-glucopyranosyl deriv-
ative of l-deoxynojirimycin (22) has been synthesized enzymatically
from the amine using «-cyclodextrin as glucose donor.35 Fleet's
group have also reported the synthesis of 1,5-dideoxy-1,5-imino-L-
fucitol (27) from glucose36 and the 1,4-dideoxy-1,4-imino-D-lyxitol
(28) and D- and L-arabinitols (29) and (30).37 Another synthesis

HOCH, HOCH2
K > LOH HO ) L HO ) r )
CHyoH ©OH
( 27) (29 (29) (30

of the L-arabino enantiomer (30) by Williams' group38 has shown

that the alkaloid present in Angylocalyx Boutiqueanus is the

D-arabino isomer (29), and that the isomer that occurs in

Arachniodes Standishii, claimed to have the xylo configuration,39

is in fact also the same D-arabino compound (29). Another report
describes the synthesis of 1-deoxynojirimycin (22) and the manno
isomer (24) from glucose and mannose respectively, using the

40

sequence illustrated for the gluco isomer in Scheme 9. D-Peros-

amine (31) serves as a convenient source for a synthesis of 1,4,6-

trideoxy-1,4-imino-D-mannitol (32), a potent mannosidase inhibitonﬂl
CH,Br CH-‘.HgBr
\ —)
0 NHBn 5 +
v WUl - CH2HBBr
0Bn —_— OBn C1Ho — /(:’H2 e OBn
BnO OMe BnO b BnO w) CHROH
0oBn OBn 1% OBn NH
. - OH
Reagents: i, Zn-PrOH-BrnNH,-NaBH3CN; i, Hg (OTFa)Z',m, Br HO (22)
W, Na.BH4-DMF-0, ; v, Ha-Pd.
Scheme 9 OH

Me Me CHZOAC
H
0 HO N
OH HO OH ? OH HO CHy
HoN
(31 (32)

(33) n=6or7
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Full details of the synthesis of 4-amino-1,5-dideoxy-1,5-iminohex-
itols reported earlier (Vol.16,p.94) have been published.42
Reaction of methyl hepta-0-diethylboryl-g-maltoside with diethyl-
borane and 9-BBN mesylate gave a 1-O-methyl-4-0(D-glucit-1-yl)-D-
glucitol derivative as the major product isolated as its nona-
acetate, together with glucitol derivatives as byproducts; Z%milar
The

same reagent mixture has been used to cleave perborylated x- and

products were obtained from methyl and benzyl p-lactosides.

p-cyclodextrins, the products then being chiral macrocyclic poly-
hydroxy ethers (33) together with acyclic analogues.

Acetonation of D-mannitol with methyl isopropenyl ether in DMF
at room temperature with acid catalysis gave principally the
1,2;5,6-di-0-isopropylidene diacetal with small amounts of the
1,2;4,6- and 1,2;3,4-isomers.45

4-0-(2-Acetamido-2-deoxy-D-glucopyranosyl)-D-ribitol derivatives
have been prepared from D-ribitol as artificial antigens for an
immunogenicity study; mono-allylation of 2,3,5-tri~O-benzyl-D-
ribitol gave a separable mixture of the 1-0- and 4-0-allyl ethers,
both of which were used in the syntheses.46

Free radicals produced from xylitol and standard hexitols on
reaction with hydroxy radicals, or by direct ¥- radiolysis, have
been investigated by spin-trapping and e.s.r..

The ability of electrolytes to complex with sorbitol and mann-
itol has been studied by polarimetry; anions were more effective
than cations, and group IIA elements than IA.48

N-(1-Deoxyhexitol-1-yl)-aminoacids, as per-trimethylsilylated
derivatives, have been identified by m.s.; the synthesis of
reference compounds was also described.

400 Mhz 'H N.m.r. spectra of nine monodeoxyalditols have been
reported, supporting previous conformational conclusions.50

The relative stereochemistry of alditols can be deduced by form-
ation of borate complexes, acetylation, partial hydrolysis to the
polyol acetates, and then n.m.r. analysis. Borate complexes form
preferentially in the sequence 1,2-syn > 1,3-syn > 1,2-anti,
1,3-anti, and terminal diols (in staggered conformation).51

The structure and energy of D-sorbitol has been calculated using
an empirical force-field method; bond lengths and angles are in
reasonable agreement with crystal structure X-ray and neutron
diffraction evidence, but calculated energies do not suggest the
observed conformation.52

The conversion of a mannitol derivative to antibiotic A32390A is
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mentioned in Chapter 19.

2 Cyclitols

Dambonitol (1,3-di-O-methyl-myo-inositol) has been identified as a
constituent of glycosyl nervogenic acid esters from Anodendron
affine.’> Ononitol (4-0-methyl-myo-inositol) has been character-
ized as a major carbohydrate in pea nodules, and a minor constituent
of soya bean nodules; it has previously been mistaken chromato-
graphically for the 1-0O-methyl-myo-inositol isomer.54

Inproved procedures have been described for the synthesis of
(£)-1,2;4,5-di-0-isopropylidene-myo-inositol (34), which was

X S

Q OAc
. "iIi’N /#_‘-\ )b_ﬁ-k “!!I'}
HO

OAc

(G4 (ss> (36)
purified as its dibenzoate,55 and for conduritol g-epoxide (35), an
inhibitor of glucosidases, from the myo-inositol acetal tetraacetate
(36). The derivative (34) also serves as a source for the prep-
aration of (*)-1,2,4-tri-0O-benzyl-myo-inositol by a sequence of
standard reactions; stereospecific cleavage of the dibutylstannylene
derivative (37) with allyl bromide gives access to the unsymmetric-
ally substituted tri-allyl ether which could be benzylated and

OBn OBn
SnBu_z 07\0
Do tF i ﬁd )
O\LO ‘i‘
(7 (38) (39) (40

de-0-allylated to give the product.57

The scyllo-inositol di-
ortho-formate ester (38) has been prepared from the myo-inositol
derivative (39), inverting the C-2 hydroxy group by a standard
oxidation/reduction sequence.

Penta-0-benzyl-sn-myo-inositol (40) has been resolved by form-
ation of a diastereoisomeric mixture of «-D-mannopyranoside deriv-
atives (ortho-ester route), which could be separated and hydrolysed
to yield both enantiomers.59 Syntheses have also been described
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for 1D- and 1L-4-0-benzyl-myo-inositol and their 4-Q0-«-L-fucopyran-
osyl derivatives; (*)-4-0-benzyl-1,6;2,3-di-0-cyclohexylidene-myo
inositol was resolved using (+)-O-acetyl-mandelic acid and deacet-
alated to give the required chiral mono-benzyl ether compounds.60

In the Ferrier rearrangement, the orientation of the hydroxy
group at C-5 in the product cyclohexanone depends on the conform-
ation of the starting alkene, illustrated in Scheme 10.61 A syn-
thesis of the aminocyclohexanone (41) from 2-amino-2-deoxy-D-glucose
also employs the Ferrier carbocyclization reaction.

BZO CHQ BzO o HZC o OH
0 . o-T-oMe .
__"_ﬁ .___}L
B8z0 Bz0 OMe OMe
OMe
B0 ome B20 oy Bz0 B OMe

Reagents: L, Hgs0,-Dioxan

Scheme 10
0 CHp
0]
AcO AcO OMe
NHBz NHAC

Gab

The synthesis of pseudo-hexopyranoses (cyclohexylmethanols) has
been reviewed (in Japanese).63 Suami's group has described the
syntheses of four new compounds, &- and p-allo, «-gulo, and g-ido
analogues of hexopyranoses, all as racemates, and has also
reported syntheses of the sweet-tasting pseudo—ﬂ-fructopyranose,65

pseudo-x-L-altropyranose (42)(Scheme 11),66 and derivatives of the

OH OH

HCHEOH

(42)
Reagents: (, Phap—CHAc 3 U, Ha=Nivj ik, PCC; v, HOAC-Hz0; v, NaTOs ;vi, DBU ;vii, Ac,0-Py
Scheme 11

67 the glucosidase

amino-pseudo-saccharides (+)-valienamine (43),
inhibitor valiolamine (44),68 and (+)-validamine (45), the latter
from the resolved oxabicycloheptene (46), which also furnished
pseudo-galactopyranose.69 Another paper describes the stereo-

selective conversion of valienamine and validamine to vallolamlne.o
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CHyOAC CHoOAc CHy0Ac
o
DTN DN e
Ac(‘mm ACOQ\!HAG AcO NHAC COnH
OAc OAc OAc
(43 (49 (45 (46)

Lukacs' group has reported the synthesis of the carbocyclic
analogue (47) of daunosamine from the 2-deoxy-hexose (48), again
utilizing a Ferrier carbocyclization (Scheme 12); hydroxy-group-
directed homogeneous hydrogenation gave the required methyl stereo-
isomer exclusively, whereas traditional palladium-catalysed hydrog-
enation gave largely the alternative epimer.71 The synthesis of

o} CHo fe] CH2
~< 0 0 OH >—‘1 ) OH
Ph k
— — — —
[¢] OMe BnO OMe BnO BnO

NHBz NHBz NHBz NHBz
(49) Scheme 12 (47

the carbocyclic analogue (49) of B-KDO (3-deoxy-p-D-manno-2-octulo-
pyranosonic acid) from (-)-quinic acid (50) has been described,72
and a study of the mono-caffeoylquinic acids (51) and some related
dicaffeoyl analogues has shown that they possess antihistamine

activity.73 D-Ribonolactone has been used to synthesize the

CH,OH
OH HO,
2
HO O HO OH COR R'= HO@CH:CHCOa
2
CopMe CO,H HO OH R = Hor Me
(49) (50) (51)
CHyBr CH,Br

l¢] 0COR ?OZEt OCOR
o — —=~COet T CHa

< < “

Scheme 13

74

pseudofuranose compounds (52)(Scheme 13). Other references to

pseudofuranose sugars occur in Chapters 19 and 20.

130 N.m.r. chemical shifts for epi-inositol are altered by
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addition of lanthanide ions, those for ytterbium, thulium, and
erbium changing in anomalous fashion.7

Calculations show that the conformational energies for myo-
inositol 4,5-diphosphate increased from 840 to 1369 kimol. 1 as

the charge on phosphorus increases from zero to -4,

References

—

A.Voiland and G.Michel, Carbohydr. Res., 1985, 141, 283.

M.Quillet, V.Imhoff, and G.de Lestang-Bremond, Phytochemistry, 1985, 24, 67.

3 R.J.Nash, E.A.Bell, G.W.J.Fleet, R.H.Jones, and J.M.Williams, J. Chem. Soc.,
Chem. Commun., 1985, 738.

4 R.J.Nash, E.A.Bell, and J.M.Williams, Phytochemistry, 1985, 24, 1620.

5 M.Makkee, A.P.G.Kieboom, and H.Van Bekkum, Starch/Staerke, 1985, 37, 136
(Chem. Abstr., 1985, 102, 205 679).

6 N.V.LlLebedev, V.I.Sarzhe, V.E.Kononov, and V.M.Kuznetsov, Kompleksn. Ispol'z.

[

Drev. Syr'ya, 1984, 92 (Chem. Abstr., 1985, 102, 115 324).

7 N.K.Nadirov, A.M.Ashirov, B.Sh.Kedel'baev, and V. F.Pechenkina, Gidroliz.
Lesokhim. Prom-st., 1985, 8 (Chem.Abstr., 1985, 102, 133 792).

8 N.F.Shumateva, F.B.Bizhanov, and Z.Prnazarov, Izv. Akad. Nauk Kaz. SSR.,
Ser Khim., 1984, 27 (Chem. Abstr., 1985, 102, 79 223).

9 M.Makkee, A.P.G.Kieboom, and H.Van Bekkum, Carbohydr. Res., 1985, 138, 225.

10 M.Makkee, A.P.G.Kieboom, and H.Van Bekkum, Carbohydr. Res., 1985, 138, 237.

11 T.Mukaiyama, T.Yura, and N.Iwasawa, Chem. Lett., 1985, 809.

12 C.Gennari, A.Bernardi, S.Cardani, and C.Scolastico, Tetrahedron, 1984, 40,
4059.

13 F.Sato, Y.Kobayashi, O.Takahashi, T.Chiba, Y.Takeda, and M.Kusakabe, J. Chem.
Soc., Chem. Commun., 1985, 1636.

14 K.Takai and C.H.Heathcock, J. Org. Chem., 1985, 50, 3247.

15 S.R.Carter, J.M.Williams, and J.R.Clamp, J. Chem. Soc.,Perkin Trans. 1,
1985, 2775.

16 R.K8ster, S.Pened&s-Ullate, and W.V.Dahlhoff, Angew. Chem. Int. Ed. Engl.,
1985, 24, 519.

17 V.Jéger, I.Miller, and E.F.Paulus, Tetrahedron Lett., 1985, 26, 2997.

18  G.Cardillo, M.Orena, S.Sandri, and C.Tomasini, Tetrahedron, 1985, 41, 163.

19  L.Zhang, S.Lao, S.Huang, and G.lLiang, Yiyao Gongye, 1985, 16, 145 (Chem.
Abstr., 1985, 103, 215 685).

20 K.Satsumabayashl and Y.Nomoto, Nippon Shika Daigaku Kiyo, Ippan Kyoiku-kei,
1983, 12, 131 (Chem. Abstr., 1985, 102, 132 392).

21 J.S.Brimacombe, A.K.M.S.Kabir, and I.D.Taylor, Carbohydr. Res., 1985, 140,C9.

22 J.Kuszmann, G.Medgyes, and P.Dvortsak, Carbohydr. Res., 1985, 142,61l.

23 A.Gomez-Sanchez, J.Galan, M.Rico, and J.Bellanato, J. Chem. Soc.,Perkin
Trans. 1, 1985, 2695,

24 J.G.Buchanan, A.Millar, R.H.Wightman, and M.R.Harnden, J. Chem. Soc.,Perkin
Trans. 1, 1985, 1425.

25 J.Kuszmann, Carbohydr. Res., 1985, 142, 71,

26 F.Freeman and K.D.Robarge, Carbohydr. Res., 1985, 137, 89.

27 R.Blattner and R.J.Ferrier, Carbohydr. Res., 1985, 138 73,

28 D.Rolf, J.A.Bennek, and G.R.Gray, Carbohydr. Res., 1985, 137, 183.

29 L.Petrus, J.Alf6ldi, M.Matulova, and V.Bilik, Chem Papers, Chem. Zvesti,
1985, 39, 401.

30 F.Jacquet, A.Gaset, J.Simonet, and G.Lacoste, Electrochim. Acta, 1985, 30,
477 (Chem. Abstr., 1985, 103, 196 344).

31 S.V.Evans, L.E.Fellows, T.K.M.Shing, and G.W.J.Fleet, Phytochemistry, 1985,
24, 1953.

32 G.W.J.Fleet and P.W.Smith, Tetrahedron Lett., 1985, 26, 1469.

33 S.V.Evans, A.R.Hayman, L.E.Fellows, T.K.M.Shing, A.E.Dermone, and
G.W.J.Fleet, Tetrahedron Lett. 1985, 26, 1465.




176

34
36
37
38
39
41

42
43

44

45

66
67

68
69

70
71

Carbohydrate Chemistry

P.J.Card abd W.D.Hitz, J. Org. Chem., 1985, 50, 891.

Y.Ezure, Agric. Biol. Chem., 1985, 49, 2159.
G.W.J.Fleet, A.N.Shaw, S.V.Evans, and L.E.Fellows, J. Chem. Soc., Chem.

Commun., 1985, 841,

G.W.J.Fleet, S.J.Nicholas, P.W.Smith, S.V.Evans, L.E.Fellows, and R.J.Nash,

Tetrahedron Lett., 1985, 26, 3127.

D.W.C.Jones, R.J.Nash, E.A.Bell, and J.M.Williams, Tetrahedron Lett., 1985,

26, 3125.

J.Furukawa, S.0kuda, K.Saito, and S.Hatonoka, Phytochemistry, 1985, 24, 593.
R.C.Bernotas and B.Ganem, Tetrahedron lett., 1985, 26, 1123. -
M.J.Eis, C.J.Rule, B.A.Wurzburg, and B.Ganem, Tetrahedron Lett., 1985, 26,
5397.

G.Augelmann, J.Streith, and H.Fritz, Helv. Chim. Acta, 1985, 68, 95.
M.Alonso-Lopez, M. Bernabé, M.Martin-lomas, and S.Penadés—Ullate, Carbohydr.
Res. 1985, 142 135.

M. B Bernabe M.Ma Martin—Lomas, S. Penades, R.Kdster, and W.V.Dahlhoff, J. Chem.
Soc., Chem Commun., 1985, 1001.

I.E.Valashek, T.M.Filippova, M.K.Shakhova, N.A.Bogoslovskii, M.G.Romanyuk,
and G.I.Samokhvalov, Zh. Obshch. Khim., 1984, 54, 2775 (Chem. Abstr., 1985,
102, 185 390).

P.Boulanger, C.André, and G.Descotes, J. Carbohydr. Chem., 1985, 4, 279.
M.Kuwabara, Z.Y.Zhang, O.Imanami, and G.Yoshii, Radiat. Phys. Chem., 1984,
24, 217 (Chem, Abstr., 1985, 102, 204 199).

J.G.Dawber and G.E.Hardy, J. Chem. Soc., Faraday Trans. 1, 1984, 80, 2467.
D.J.Walton, W.A.Szarek, D.B.Maclean, and R.V.Gerard, Carbohydr. Res., 1985,

137, 31.

D.G.Gillies and D.Lewis, J. Chem. Soc.,Perkin Trans. 2, 1985, 1155.
R.E.Moore, J.J.Barchi, and G.Bartolini, J. Org. Chem., 1985, 50, 374.
Y.J.Park, Taehan Hwahakhoe Chi, 1985, 29, 104 (Chem.Abstr., 1985 103,22867).
F.Abe and T.Yamauchi, Chem. Pharm. Bull., 1985, 33, 2712.

J.G.Streeter, Phytochemistry, 1985, 24, 174

J.Gigg, R.Gigg, S.Payne, and R. Conant, Carbohydr. Res., 1985, 142, 132,
K.J.Lee, S.A.Boyd, and N.S.Radin, Carbohydr. Res., 1985, 144, 148.

J.Gigg, R.Gigg, S.Payne, and R.Conant, Carbohydr. Res., 1985, 140, C1.
H.W.Lee and Y.Kishi, J. Org. Chem., 1985, 50, 4402.

Yu.I.Sibrikov, A.E.Stepanov, and V.I.Shvets, Zh. Org. Khim., 1984, 20, 979
(Chem. Abstr., 1985, 102, 6991).

P.J.Garegg, B.Lindberg, I.Kvarnstrdm, and S.C.T.Svensson, Carbohydr. Res.,
1985, 139, 209.

A.S. Machado, A. Olesker, and G. Lukacs, Carbohydr. Res., 1985, 135, 231.
M.Madi~puskds, I.Pelyvis, and R.Bognar, J. Carbohydr. Chem., 1985, 4, 323.
S.0gawa, Yuki Gosei Kagaku Kyokaishi, 1985, 43, 26 (Chem. Abstr., 1985 102,
221 105).

S.0gawa, Y.Tsukiboshi, Y.Iwasaka, and T.Suami, Carbohydr. Res., 1985,136,77.
T.Suami, S.0gawa, M.Takata, K.Yasuda, A.Suga, K.Takei, and Y.Uematsu, Chem.
Lett., 1985, 719.

T.Suami, K.Tadano, Y.Ueno, and C.Fukabori, Chem. Lett., 1985, 1557.
S.0gawa, Y.Shibata, T.Nose, and T.Suami, Bull. Chem. Soc. Jpn., 1985, 58,
3387.

S.0gawa and Y.Shibata, Chem. Lett., 1985, 1581.

S.0gawa, Y.Iwasawa, T.Nose, T.Suami, S.Ohba, M.Ito, and Y.Saito, J. Chem.
Soc. Perkin Trams. 1, 1985, 903.

S Horii, H.Fukase, and Y.Kameda, Carbohydr. Res., 1985, 140, 185.
Ag%achado, A.Olesker, S.Castillon, and G Lukacs, J. Cher Soc., Chem.
Commun., 1985, 330.

H.Molin and B.G.Pring, Tetrahedron Lett., 1985, 26, 677.

Y.Kimura, H.Okuda, T.Okuda, T.Hatano, I1.Agata, and S.Arichi, Chem. Pharm.

Bull., 1985, 33, 690.
CT.S.W Wllcox and L.M. Thomasco, J. Org. Chem., 1985, 50, 546.
S.J.Angyal, L.Littlemore, and P.A.J.Gorin, Aust. J. Chem. . Chem. s 1985, 38, 411l.

S.M.Shevchenko, S.G.Semenov, and G.V. Klselev Teor Eksp. Khim., 1984, 20,
223 (Chem. Abstr., 1985, 102, 6990).



19

Antibiotics

1 Aminoglycoside and Aminocyclitol Antibiotics

Reviews have appeared on new semi-synthetic aminoglycoside anti-
biotics, with particular reference to habekacin and polydeoxy-
kanamycins,” and on the production of aminocyclitol antibiotics by
fermentation and chemical synthesis.2
New compounds reported include inosamycin, a complex produced by
S.hygroscopicus, which is related to neomycin and paromomycin, but
containing 2-deoxy-scyllo-inosamine (1) instead of 2-deoxystrept-
NHg
HO
Hom/ OH
OH
O
amine (i.e. hydroxy replaces amino at C—1).3 The pseudotrisacchar-
ide 1-N-amidino-1-N-demethyl-2-hydroxydestomycin has been character-

ized as an antibiotic elaborated by Saccharopolyspora hirsuta.4 (See

Vol.9,p.131, for the structure of destomycin). A total synthesis of
destomycin C has been described, the formation of the crucial ortho-
ester linkage being indicated in Scheme 1.5

NHCO,Et o
RO OR OTMS
MeN position mvvtul
0 oTMs . i 0 i Fimal product
+ OR
RO ! MLN
OR Yo
0 R~ cuz( }Mz
Reogent: i TMSOTf

Scheme 1

A synthesis of the pseudodisaccharide 3-0O-methylsporaricin A has
been reported, coupling suitably protected derivatives of the di-
amino sugar l-acetate and the diaminocyclitol using trimethylsilyl
trif]ate.6

A synthesis of 6-deoxy-6-hydroxyamino-«-D-glucopyranoside from
the corresponding 6-aminosugar by the sequence of oxidation with
hydrogen peroxide - sodium tungstate to the oxime followed by
cyanoborohydride reduction was copied in a synthesis of the pseudo-
trisaccharides 6'-K-hydroxykanamycin A and 6'-N-hydroxydibekacin

from the corresponding parent antibiotics, but the products were

177
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only very weakly active.7 3'-Deoxy-3'-fluorokanamycins A and B,
which show activity against resistant bacteria, have been prepared
by condensation of a 6-azido-3-fluoro-D-glucosyl bromide derivative
with an appropriate 3-amino-glucosyl - 2-deoxystreptamine deriv-
ative. A series of 3''-N-trifluoroacetylkanamycin A derivatives
have been prepared, possessing CS- 022 acyl residues, or related
alkyloxy-,-amino~-, or -thio-carbonyl groups, all attached at N-1;
the optimum antiviral activity was shown for the C14 16 acyl

derivatives. 9,10

A number of 4''-epi-amikacin derivatives (OH,F,N3)
have been synthesized, which should be less sensitive to enzymatic
deactivation, but all were much less active than the parent.l1

Conventional methods have been used to convert kanamycin A to its
4''-deoxy-4'"',5""'-didehydro derivative, and hence to 4''-deoxy-5''-
epikanamycin A.

The synthesis of 5-0- and 6-0-methyl-dihydrostrepomycin has been
reported, using diazomethane - stannous chloride on selectively
protected derivatives.13

Hanessian's group has reported another synthesis of spectino-
mycin (2), coupling a 4,6-dideoxy-ribo-hexosyl chloride to a strept-
amine derivative, and then elaborating the internal dioxan ring; the
synthesis and reactions of analogues are also described.14
Spectinomycin has also been modified at C-3'(desoxo, monohalo, and
dihalo analogues) via diazoketone intermediates,15 which were also
used to make some C-3' branched-chain analogues (Scheme 2), the most

potent antibiotic being the diamine derivative (3), which was more

active than the parent antibiotic.16

QH I S . Y Ie N (. 3] c. Al
e = o H o e \m/' N s \E/ ) \E/ i ‘0'

" N H o NMe, CHO  CH,OH CHy
HO /o) a3’ X] I S y
NHM oH ;K{ HO ' )
e H,C OH CH,oNH (CHL),NM
R'R*= Horcl 2 2NH(CHa)yNMe,

(@) ©)

Scheme 2

The structure of N-acylkanosamine has been established as 4,6-
dideoxy-4k5)-Z—methoxypropanamido]—3—g—methyl—Z—Q—methyl—L—mannose
by a synthesis from rhamnose.

Fluorescent-labelled aminoglycosides have been prepared from
sulphate salts with fluorescamine, some retaining their biological
activity.18

Validamycin has been synthesized by 4-0-g-D-glucosylation of
validoxylamine A (using a modified Koenigs Knorr procedure), and its
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7-deoxy analogue was similarly prepared.19

The synthesis of valiol-
amine derivatives is mentioned in Chapter 18.

Sisamine has been modified by conventional methods to give the
fortimicins 3,4-di-demethyl-, 4-demethyl-, and 3-amino-4-demethoxy~
4-deoxy-fortimicin KGZ.20

A further study on the biosynthesis of 2-deoxystreptamine has
been reported, showing that enzymes from S. fradiae catalyse three

steps in the proposed sequence (Scheme 3).21

o OH NH, NHz
OH NH;
1 T I m
D-Glucose — — ¥ 1>'=O ~—
HO HO ~ HO
OH OH OH

Scheme 3

The inactivation of astromicin (fortimicin A) by a gentamicin-
resistant strain of Staphylococcus aureus involves 6'-N-acetylation

by a 6'-N-acetyl-transferase.

Perfluorinated carboxylic acid counter ions (Cz— C4 acids) have
been found to provide for easy combination of ion-pair HPLC and FD
m.s. in analysis of amino-glycoside antibiotics, allowing early
identication in culture broths.23 FAB m.s. of seven nebramycin and
lividomycin antibiotics have been recorded.24

2 Macrolide Antibiotics

A review on the total synthesis of macrolide antibiotics covers
glycosidation.25

A new antifungal antibiotic, 3'-0-decarbamoyl-irumamycin, con-
taining 2-deoxy-g-D-rhamnopyranose linked to a 20-membered macrolide,
has been isolated together with crumamycin from S. subflavus subsp.

crumaensis.26 The macrolide antibiotic, X-14952B, produced by a
Streptomyces species, contains the same 3-0-carbamoyl-2-deoxy-p-D-
rhamnoside present in irumamycin, attached to a closely related 20-
membered macrolide.

Further studies have been reported on the mycinamycin complex
(see Vol.14,p.157); N-oxidation (MCPBA) followed by acetylation
removed the desosamine unit, and X-ray analysis was carried out on
the resulting 4-0O-acetylated mycinose-macrolide derivative, giving
an absolute configuration for the antibiotic;28 CI m.s. studies

indicate that the neutral mycinose su§ar is cleaved more readily
than the desosamine on fragmentation. 9
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Spiramycin 1 (containing wmycaminose, forosamine, and mycarose)
has been chemically modified. Mono-de-N-methylation of the 3'- or
4''-dimethylamino groups was followed by N-acylation or N-benzyl-
ation,30 and a series of 3,3"-di-0-acyl-4"-0-sulphonyl and 3,3'"-di-
O-acyl-4"-alkyl derivatives were prepared.

The hydrophobicity of 3"-0O-acyl groups attached to the tertiary
hydroxy group of mycarose in leucomycin is particularly significant
for antimicrobial activity.32

A complete structure of amphotericin A, containing mycosamine,
has been elucidated,33 together with a m.s. analysis of dodecahydro-

amphotericin A.34 2D 13C and 'H n.m.r. spectra of erythromycin A

have been reported.35

3 Anthracycline Antibiotics

The total synthesis of anthracycline antibiotics36 and related
hydroxynaphthalenedione glycosides37 have been reviewed.

The structures of cosmomycins A,B,C, and D, new differentiation
38-40 They

contain one or two trisaccharide chains attached to 8- or ¥ -rhodo-

inducers produced by S. cosmosus, have been elucidated.

mycinone, as indicated in structure (4). Closely related anthra-

R = Rhn- deFuc - Rho,
R* = Rhh - Rho-Rho,
ol Unked & (4

Rnn = Rhodosammne, Rha = Rhodimose
deFuc = 2-deoxy-L-fucose

>

(4) (.R'~0H; ¥,R'=H)
cycline antibiotics, serirubicin (5)(identical with cosmocarcin A
(see Vol.18,p.179)) and its 1-hydroxy analogue, have been found in
the culture filrate from S. cyaneus (which also produces ditrisa-

).%0 Mother liquors from the crystalliz-

rubicins (see Vol.17,p.176
ation of steffimycin B yield a further antibiotic steffimycin C,
which is 10-deoxy-steffimycin B, containing 2,4-di-O-methyl-L-

rhamnose 42 (see Vol.11,p.41). Elloramycin (6), isolated from

®

R'= Cinenviose B+ 2-deowy L fucose —
Thodosamine OMe

MeQ
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S. olivaceus, contains 2,3,4-tri—9—methyl—L—rhamnose.43

A new €-rhodomycin derivative has been obtained from a Strepto-
myces species, containing a trisaccharide of «-1-—4 linked rhodinose
units attached to e—rhodomycinone.44 4-0-(p-D-Glucopyranosyl)-€-
rhodomycinone has been isolated from the culture of a blocked
mutant of Actinomadura roseoviolacea with e—rhodomycinone.45

Analogues of daunorubicin have been prepared from modified
sugars. 3'—Epi,46 3'-hydroxy—3',5'—diepi,46 and 3',6'-dihydroxy-
3',5'—diepi,46 2‘-halo,47 and 3'—g-methy148 analogues were prepared
using appropriate glycals or glycosyl halides with daunomycinone;
coupling of glycals with N-iodosuccinimide led to 2'-iodo
analogues, and the branched-chain sugar (7), which gives the
vancosamine analogue of daunosamine, was obtained as outlined in

4
Scheme 4. The bromine or chlorine adducts of glycals (8) were

0 0
.< KEZ ) ﬁi/ Aco~~( Me /

NHCOCF, NHCOCF3 NHCOCF, OAc
. A R 0 ®
eagents: i, NBS-CCly;ii, AGF i, Raney N iv, H30"; v, TSCL-Py
Scheme 4

used to prepare 2'-bromo- or 2'-chloro-3'-acetoxy-3'-deamino-
analogues of daunorubicin.49 Coupling of 4-demethoxydaunomycinone
with a 1-0-acyl-daunosamine derivative using trimethylsilyl triflate
yielded a novel 7,9-bis-0-x-glycoside, the reagent allowing glycos-
idation of the tertiary C-9 hydroxy group in the aglycone, a feature
which does not appear to affect the antibiotic activity of the
parent daunorubicin.

A l4-thio-D-glucopyranosyl analogue of daunorubicin has been
synthesized from its l4-bromo derivative with a 1-thiosugar, and 3'-
and 6'-azido analogues were made from corresponding azidodeoxy-
sugars with daunomycinone.Sl Several other anthracycline analogues
have been prepared from 2,6-dideoxy-, 2-deoxy-2-trifluoroacetamido-,
and 2,3,6-trideoxy-3-trifluoroacetamido-hexopyranosyl halides and
2-deoxypentopyranosyl halides.52 Yet other analogues have been
obtained by nitrous acid deamination of daunorubicin, doxorubicin,
and their configurational isomers, the range of derivatives being
summarized in Scheme 5; the derivatives (9) and (10) of doxorubicin

53

showed outstanding antileukaemic activity in mice. The microbial

conversion of daunorubicin to N-acetyl -13(§S)-dihydrodaunorubicin
has been described.
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Scheme 5 (1)

4 Nucleoside Antibiotics

Several groups have reported the isolation of 2'-chloropentostatin

(11), an inhibitor of adenosine deaminase, from an Actinomadura

55-57

strain. Some new nikkomycin antibiotics (12) have been des-

cribed, which are nucleoside-peptide antibiotics elaborated by a

H
> 3
/N COR R"— wracil or §-formyl-4-imdazolin-2-one
NH
HOCH2 < l iHN o R1 OH NHa
N N=/ 2 =z 4
o R*= G5 55 R =H,0H;
AN RS = H,Me
OH OH gm0 or Y %2
NH
OH CL (12) OH
(0 v

58

mutant strain of S. tendae (see Vol.15,p.187). A novel nucleoside

antibiotic, A201A (13), has been isolated from the broth of a S.
capreolus strain; it contains a 3-amino-ribo-nucleoside, an enolized

59

hexos-5-ulose, and 3,4-di-0-D-rhamnose. Rebeccamycin, a new anti-

tumour antibiotic isolated from Nocardia aerocoligenes, has been

characterized as the nucleoside analogue (14) by X-ray analysis60

and by synthesis.61

NMe,
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Full details of the ''total" synthesis of tunicamycin V have been
reported (see Vol.lB,p.182).62 The same group has also described
a preparation of the nucleoside unit (15) in this synthesis from the
7-nitro-undecodialdose previously reported (see Vol.16,p.111).
Further evidence for the x-glucosamine/p-tunicamine interglycosidic
linkage has been adduced from COSY-2D n.m.r. data. 9'-Desamino-
sinefungin (16) has been synthesized, together with its 6'-epimer,
using a Wittig approach previously employed for sinefungin itself
(see Vol.lS,p.184L

_5 c HZOH
(CHz)
o,H
OAc OAc
NH c02 Bn
(15) (16) (i)

Improved syntheses have been described for cordycepin (3'-deoxy-
adenosine), using 2',3'-anhydro-adenosine; in a high-yield, one-step
procedure, the 3'-deoxy compound was obtained directly using lithium
triethylborohydride;66 alternatively, an N6,05'-bis-monomethoxy-
trityl derivative was used with LAH, with subsequent deprotection.
Both groups also prepared the 3-deuterio analogue (17).

Syntheses of nucleoside analogues by conventional condensations
of sugar derivatives with bases have included 6-azacadeguomycin and
some 3,4,6-trisubstituted pyrazolo[3,é—d]pyrimidine nucleosides,
and 6-mercapto- and 6-methylmercapto-purin-9-yl-g-D-glucofuranosid-
uronolactones (18), which showed antitumour activity.69 A number

SMe S
\
C
\

Y
0 N N)
(o]

67

L. OAc (1 3)
of uridine and inosine nucleosides acylated at 0-5' have been

prepared; 5'-0O-iodoacetyl-2',3'-0-isopropylidene-uridine showed
cytostatic activity against Hela cells.70 3',5'-Diesters (C - C.y
carboxylic acids)71 and 3',5'-bis-dicarboxylic acid hemiesters72lof
5-fluoro-2'-deoxyuridine have been prepared and evaluated as pro-
drugs by examination of their susceptibility to enzymic hydrolysis.
Higher antitumour activity of longer-chain alkyl diesters correlates
with their slower enzymic hydrolysis.

Treatment of tubercidin with thionyl chle+ide gave the 5'-chloro-
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5'-deoxy analogue, reduced by tributylstannane to 5'-deoxytuber-
cidin.73 Glycosylation of the sodium salt of 6-substituted and
2,6-disubstituted-7-deazapurine derivatives with a protected
2-deoxyribosyl chloride gave a series of corresponding 2'-deoxy-
tubercidin derivatives, but they did not show comparable antibiotic
activity to ribavirin.

An extensive review on the synthesis and antiviral properties of
5-vinylpyrimidine nucleosides has been published.75 A range of
5-halovinyl-2'-deoxyuridines have been prepared by a standard
glycosidation procedure; all showed significant antiviral activity,
the most potent being 5-(2-chloroethyl)-2'-deoxyuridine (19).
Carbocyclic compounds - Carbocyclic analogues of (E)-5-(2-halovinyl)

-2'-deoxyuridines and corresponding cytidines have been made from
4—amino-2,3-dihydroxycyclopenty1-methanol,77 and this cyclopentyl-
amine has also been used for the synthesis of (f)-1-deaza-aristero-
mycin (20), a potent enzyme inhibitor,78 and carbocyclic analogues
of nucleosides from adenine, N6—mechy1adenine, 8-azaadenine, and

3-deazaadenine, whose antiviral activity was also investigated.79
[o] 6]
HQCHQOJ\N CH,OH CHa0H
o
OH OH OH OH OH OH
(19) (20) (21) (22

There has been a further report on the synthesis of aristeromycin
and neplanocin A, including a cytosine analogue (see Vol.17,p.178,
ref.72).80 The mother liquors left after aristeromycin crystalliz-
ation derived from S. citricolor have yielded an analogue, arister-
omycin M (21), which could be synthesized from aristeromycin by
standard reactions.81 Racemic aristeromycin has been resolved by
conversion to its 3',5'-cyclic phosphate, which was then selective-
ly hydrolysed enzymatically to give (-)-aristeromycin and the
unhydrolysed (+)-cyclic phosphate, the latter then being separately
hydrolysed to (+)-aristeromycin; the latter showed no antibiotic
activity.82 Feeding experiments with 6-13C—D-g1ucose indicated that
biosynthesis of aristeromycin proceeds by bonding C-2 to C-6, the

label becoming the ring methylene in the product.
The structure of neplanocin C has been determined to be (22) by
X-ray analysis. An improved synthesis of neplanocin and of



19: Antibiotics 185

related cyclopentenyl nucleosides has been described, which includes
direct reaction of a cyclopentenyl allylic tosylate with the sodium
salt of 6—ch10ropurine.85 A possible approach to neplanocin
analogous to one to aristeromycin, involving hydroxylation of the
bicycloalkene (23), foundered when only endo-addition could be
induced, the required exo-addition presumably hindered by the syn-

bromine substituent.86
Br ><0 N §N
(&} o} . Na
BnN~| 3 I —
O><O CHaCOCHyCHy Me — (-g,l-) — W COaMe
Y. {Conm,)
(29) (24) e

C-Nucleosides - A review of the work by Buchanan's group on the
synthesis and biosynthesis of C-nucleosides, including antibiotics,
has been published as a lecture abstract.87

An easy synthesis of the Wittig product (24) from 2,3;5,6-di-0-
isopropylidene-D-mannofuranose gives a new approach to pyrazofurin
analogues (25),88 Ribosyl cyanide provides a straightforward
synthesis of tiazofurin (26) and selenazofurin (27).89 3'-Deoxy-
tiazofurin has been prepared from tiazofurin by tributylstannane
reduction of a 3'-0-imidazole thiocarbonyl derivative.90 2'-Epi-
tiazofurin, together with its e(-anomer, has been synthesized from
2,3,5-tri-0-benzyl-1-0-(p-nitrobenzoyl)-D-arabinofuranose via
l-cyano and 1-thioamide intermediates.91

NHp CHo0H e Me
QCONHZ N/YN [ Ny ° HN | N\
=N R = N
B-D-Ribf NJ KN Y
OH

(26) X =5 R p-D-Ribf
(@7) x=se (28) (29)

An improved conversion of formycin A to its 2'-deoxy analogue
(28) has been described (standard steps), and the latter was found
to be a potent inhibitor of mouse 1ymphoma.92 2-Fluoro- and
2-amino-formycin have been prepared from the ribosyl base which is
the analogue of guanosine in this series.93 Similar base modific-
ation has furnished the selenium analogue (29), as well as its 5'-
phosphate; both were found to be potent antileukaemic agent:s.94

Other references to nucleoside antibiotics, including microbial
synthesis of 2'-amino-2'-deoxy-nucleosides and Ara-A, the synthesis
of «-2'-deoxynucleosides, and the synthesis of radio-labelled
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3'-halo-3'-deoxy-ara-U compounds, can be found in Chapter 20.

5 Miscellaneous Antibiotics

Formacidins A and B, new monocyclic B-lactam antibiotics produced
by the new bacterial species Flexibacter alginoliquefaciens sp.,
have been structurally characterized; they contain D-glucopyranosid-
uronic acid glycosidically B-linked through phenol to the B-lactam
component (30j;part structure); they are remarkably stable to
ﬁ-lactamases.95 Chaetiacandin, a papulacandin produced by Mono-
chaetia dimorphospora, has been identified as the pseudo-disacchar-
ide derivative (31) 96 (for papulacandins, see Vol.14,p.163).

COaH [o}

CHQO
HO
OH

OH
OH  (30) R=Hor NHCHO
Ic) ©

CHpOH  CHaOM

(31) /' = *jr//§§s///§§v//\\T/’t§§/’4§§v//\\\//’
0 OH
Spicamycin (32),found in the culture broth of S. alanosinicus,
is a pseudo-nucleoside antibiotic, apparently the 2'-epimer of
septacidin.97

Glycocinnaspermimicin D (33) has been characterized as a new

N
(/ N
N | /> HO ° Me
OH AN H H (o]
HOM,C o N HO Ny N
NH ',‘{H 0 HO
N CONHg NH ) o
¢o OH 3 N = \
CHz O NH N
NHCO(CHZ) Pripr Pr") H
i HoN(CH ) 4 NH (CH, )5~
(32) n=8-14 (33)

member of the glycocinnamoylspermidine group of antibiotics, pro-
duced by Nocardia sp.

Several new glycosides involving polycyclic aromatic aglycones
have been described this year. The anti-cancer antibiotic lacto-
quinomycin, produced by S. tanashiensis, is the 3-amino-2,3,6-tri-
deoxy-g-arabino-hexose C-glycoside (34)(D or L configuration not

established). The isotetracenone anti-tumour antibiotic capoa-
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mycin, obtained from S. capoamus, has been shown to be a C-glycoside
of g-2,6-dideoxy-D-arabino-hexose (35).100 Kerriamycins A,B, and C
are closely related isotetracenone compounds, containing a disacc-
haride or trisaccharide C-glycoside unit with or without a further
L-rhodinose O-glycoside component, summarized in structure (36);

Me o (olivose) OH 0 B: R1 - (Me ) R - »
OH
1 : 36
OR’ (thodinose) ( ) c:r' = » » R - H

kerriamycin A contains the glycos-3-ulose kerriose (2,6-dideoxy-
L-etzthro—hexopyranos-3—ulose).101 The saquayamycins, produced by
S. nodosus, are close relatives in the same family; four components,
A-D, have been characterized, which comprise the same C-glycoside
(aquayamycin) linked with three other sugars, L-rhodinose being
attached at 0-3, and the glycos-4-uloses L-cinerulose or L-aculose
attached at 0-4 of either the D-olivose or L-rhodinose units.102
Another new anti-tumour antibiotic, virenomycin A, has the branched-
chain sugar 6-deoxy-3-C-methyl-D-gulopyranoside (37) p-linked as a
C-glycoside to the same aglycone present in gilvocarcin V and
ravidomycin 103 (see Vol.17,p.181,182).

Me —r3)~°‘-D—GalE-(1—r3)-[ﬁ-D-GalB(l-) or ,B—D—Galg(l-f]
HO o 4 5
Me. 1 1
B -D-Gal B-D-Glec
3 B 4 P
OH OH 1 1 39
(a7) o -D-GalpA (28) p-D-Galf S

A number of polysaccharide antibiotics have been reported. The
5'-nucleotidase inhibitor nucleoticidin, isolated from a Pseudo-
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monas sp., contains D-glucose and D-mannose in ratio varying from
1.7 to 1.0. Evidence suggests D-manp 1-+2 D-manp 1—3 chains are
attached to a g-1-»4 glucan backbone, with an average 1 in 4 glucose
units substituted at 0-3, with m.w. > 106.104 Melanocidin A and B,
likewise 5'-nuclectidase inhibitors, obtained from Nocardioides sp.,
also m.w.>'106, are acidic polysaccharides, containing glucose,
galactose, and galacturonic acid, with repeating units (38) and (39)
respectively.lo5 The fruiting body and growing mycelium of

Ganoderma lucidum (Reishi) produces 1-»3 linked g-D-glucans, carry-

ing single D-glucose units, mainly at 0-6, and a few short-chain
14 linked D-glucose oligosaccharides attached at 0-2, which show
anti-tumour activity; interestingly, modification of the polysacc-
harides to D-glucan polyols (NaIOa—NaBH4) increased their antibiotic
o 106
activity.
New bacterial metabolites with bulge-inducing activity, bulgecins
A,B,and C (40), contain D-glucosamine linked to proline deriv-

107

atives. A new glycosylated polyether antibiotic, moyukamycin,

from S. hygroscopicus TM-581, contains 2,3,6-trideoxy-4-0-methyl-g-

108 The anti-tumour

D-erythro-hexopyranosyl units, as in dianemycin.
compounds FR-900405 and FR-900406, obtained from Actinomadura
pulveracea, contain the 2-deoxy-fucose residue (41) as a part

structure.lo9 Methanolysis of the esperamicins from Actinomadura

CH,OH
0 —o cor MiR= -NH(CHZ), SO4H MeQ o - Me,
OH B: R= -NH(CHg),COH g C/ HO
Na03S0 NH 0 0
C: R= OH CH
NHAc CHpOH NHCcoc? 2
(40) (41) OMe
verrucososgora,110 and of compounds PD114,759 and PD 115,028, from

111 yielded the methyl glycoside of the same

Actinomadura sp.,
fucoside (41).
Nojirimycin bisulphite adduct adopts a ch(D) A -pyranose conform-
ation in the crystal. The compound provides a suitable derivative
for storing the antibiotic,which is unstable in free form, and its

112

glycosidase-inhibiting activity was studied. An improved proced-

ure for preparing moranoline (l-deoxy-nojirimycin) from Streptomyces
strains has been described, giving 27-33-fold increase in yields.11
The synthesis of 4-0-p-D-glucopyranosyl-moranoline by enzymatic

transglycosylation is referred to in Chapter 3.
The production of eight new avermectins (which contain an olean-
drose disaccharide unit) from S. avermitilis has been reported;
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sinefungin was added to a mutant strain, giving avermectins lacking

methoxy groups in both the oleandrose moiety and the aglycone.114
An alternative synthesis has been described for amylostatin (42)

115 (see Vol.16,p.97).

The same group has also reported an analogous synthesis of the

using a derivative of maltose with valienamine

pseudo-trisaccharide adiposin-1 (43).

CHp OH CH R CH,0H
0 0
Q OH OH OH
HO N o]
on OH OH
(42) R=0OH
(43) R=H

The synthesis of higher-carbon carbohydrates has been reviewed
(in Japanese); there is particular reference to tunicamine (an

117
undecose) and coverage of octoses, nonoses, and decoses.

Syntheses have been reported for the pseudo-disaccharides (44)118
and (45)}19 which are derivatives of the component in oligostatin

o-glucosidase inhibitors; the protected derivative (44) could not be
converted to the free form without spontaneous rearrangement to the

tricyclic pyrrolidine sugar isomer (46). Likewise derivatives of

AcOCHz OAc AcOCHy OAc
2o MeO CH,OH CH,RO
AcO CHaR — HO @ oH
AcO Y 0 HO N OMe
H N H
AcO OH OH
OAc QAc OH
H -
(44) R'=0Ac R~ Me 0 (47) R=0OH
CH,OH =H
(45) R'=0Ac orH, R*= Ac (ag) M2 (49 R

acarviosin (47) have been prepared, the dehydrated form of this
pseudo-disaccharide being produced by methanolysis of oligostatin.
The 6-deoxy analogue (48) and the C-1' and C-2' epimers were also
synthesized.120 In these syntheses, a free amine was condensed with
an oxiran to generate the inter-residue linkage; use of a dianhydro

8

sugar with amino—cyclitol11 gave better regio-control than converse

use of an aminosugar with anhydro-inositol, which was further com-

plicated by using racemic inositol derivatives.llg’lzo

Antibiotic A32390A (1,6-di-0-(2-cyano-3-methyl-but-2-enoyl)-D-
mannitol) has been synthesized using standard procedures.121
Glycosylated cephalosporins have been prepared from cephalo-

sporanic acid with l-thio-glycosyl derivatives , giving acylated
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thio-glycosides of glucose, galactose, and glucosamine.122

FAB m.s. has been used to elucidate the structure of evernino-

123 and of glycopeptide antibiotics related to vancomycin,

mycins
including the newly discovered compounds aridicins A, B, and C

(isolated from the new genus Kibdelosporangium aridum), which con-

tain mannose and 2-deoxy-2-alkylamido-glucuronic acid units, the
124 The role
of the sugar moieties in teichoplanin and ristocetin A and their

latter involving C9-C11 acyl units on the amino group.

derivatives in binding to bacterial cell walls has been probed;
only D-mannose appears to be involved.125

The copper(II) complexes of D-glucosone bis-thiosemicarbazones
have been shown to have anti-tumour activity.126
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Nucleosides

1 General

The new cytokinin (1) has been isolated from the culture filtrates

of Pseudomonas syringae.l Adenosine has been isolated as the plate-

let aggregation inhibitor present in aqueous extracts of the fungus

Ganoderma 1ucidum.2

Me Me
LA on
A
]
e
ﬁ-D—RLb-f (1)

The synthesis and antiviral properties of 5-vinylpyrimidine
nucleosides have been reviewed, with detailed attention being paid
to the potential of (E)-5-bromovinyl-deoxyuridine (BVDU) in human
medicine.3 Although acyclic nucleoside analogues are generally
considered to be outside the scope of this volume, we note the
publication of a bibliography on such compounds, other than

. 4
acyclovir.
2 Synthesis

Standard condensation procedures have been used to prepare B-D-ribo-
furanosyl derivatives of the pyridone (2), a metabolite of NAD(P),
and its analogous 5-carboxylic acid,” various 5-substituted barbit-

. . 6 . .
uric acids, 5-subst1tuted-6—azaurac1ls,7’8

a number of 2-pyrimid-
inones(other pentafuranosyl derivatives were also reported),9
1,2,4~triazol=-3(2H)~one (3) and its 5-methyl derivative,]o the
imidazoles (4)ll and (5),12 3—arylisoxazol—5-ones,]3 the triazole
(6) and the corresponding amide and nitrile,la 3~-phenyl-3-methyl-
succinimide,IS thieno[2,3-d]lpyrimidin-4~one (7) and related pyrrolo-
pyrazolo- and thiazolo- systems,l6 and l_i:B—naphthimidazole.17
2-Chloro~- and 4-desamino-2,4-dichloro-l-deazaadenosine have been

synthesized,18 as have the B-D-ribonucleosides of 3,6-tetramethyl-

194
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NG CONHy  y— NH N | X fﬁ
OQ/ 5“\N)QO IKNJ‘Me N~
|
R

N |
R R
(2) o 3 (4) X=CONH;
(5) x = -cH(oH)Me
HN [s]
| R'
0 N
f
R N o
(8 R
(10) R'=H,co,EL
HaN<_CN N -CN N~ CONH;
CH,0Bz \/][ HOCH, </ | HOCH, </I
0 NH CN 0 N | OMe o N NH
i NH Ui, v
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(1) (12)
Reagents: i, HC(QEL), ; i, OMe ; i, OCL- "OH; iv, OH (a)
Scheme1

eneuracil (8),]9 the pyridol[2,1~-ilpurine (9),20 and the 1,2-dihydro-
cycloheptalblpyrrol-2-ones (10).2] The synthesis of 6-azacytidine
has been monitored by h.p.l.c‘22 The synthesis of 6-azacadeguo-
mycin and related systems is discussed in Chapter 19.

The B~D-ribofuranosylderivative of diaminomaleonitrile (11)
was produced by condensation and then elaborated into the aminoimid-
azole nucleoside (12) (Scheme 1). The analogous B-D-ribopyranosyl
compound was also reported; the regioselectivity in imidate forma~
tion was ascribed to intramolecular catalysis by the 2'—oxyanion.23

,3',5'—Tri—g-benzoyl-B—D-ribofuranosylisocyanate was converted
into a series of N4~substituted S-azacytidines,24 and 1,4-dihydro=-
pyridine nucleosides have been prepared by an ingenious photo-

chemical cycloadditionz5 Scheme 2).

CHQOAC

OHC.__CO,Me co,Me CopMe
St
NH HO

|
R
Ac  OAc
Rzo.een,ts- t, CHy=CHy , hv, -20% .. A, toluene, mol.sieves
Scheme 2
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The t-RNA constituent wyosine (13) has been prepared from an
imidazole nucleoside, and its lability under acidic or alkaline con-

P 2
itions was demonstrated. 6

/ )O\/[N’

N

Me‘<\ N s

ALy @
Me ,S—D[~Ri.b—f

0-Nucleosides of pyrimidine bases are accessible with good

stereoselectivity by the process illustrated by the example in

27,28 . .
Scheme 3. ’ Some G-ribonucleotides have been prepared by inter-
CHp0Tu 0SiMe, CH,0Tw
0. OTu N ; o
_t o 4
to J\ = N
MeSSLO N L._
5 N 0
0.9 Tu= ptoluoyl %
>< B ~ =

Reaqe,n,bs i1, TMSOTF ~ CLCHRCHLCL - reflux
Scheme 3

action of a tin (II) derivative of the base with a 1,5-cyclic phos-
phate of 2,3-0O-isopropylidene ribofuranose,29 and the o-anomer of
N6—benzyladenosine, which possesses weak cytokinin activity, has
been prepared in low yield,30
A full account has been given of a microbiological procedure (see
Vol. 14, p. 170) for the synthesis of 9-B-D-arabinofuranosyladenine
(Ara-A), by transglycosylation between adenine and arabinofuranosyl-
uracil. Various bacterial strains can achieve this, and,using a

; . . 31
strain of Enterobacter aerogenes, ara-A was produced in 87% yield.

The same method also works with various other purine bases, both
natural and unnatural.32 The mechanism of the transarabinosylation
involves the intermediate formation of arabinose-l-phosphate, with
uridine phosphorylase and purine nucleoside phosphorylase acting
in concert.33 The R-D-arabinofuranosyl analogue of doridosine has
been prepared; it is resistant to adenosine deaminase.34 A number
of 5-alkyl arabinofuranosyluracils have been synthesized, including
both o~ and B-anomers, by coupling silylated bases with tribenzyl-
arabinofuranosyl chloride; deprotection was effected with boron
trifluoride etherate and et‘nanethiol.35 The imidazole nucleoside
(14) has been prepared using the sodium salt of the aglycone.36
Stereospecific syntheses of the B-D-xylofuranosyl derivatives
of adenine and guanine have been reported, although in the case of

. . . 7 . 37
the guanosine analogue the regiochemistry favours the N -isomer.
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N Me
CN NH
/ I
BrOCH, < | acorze N_ K BROCH, AN
0 N OH ) N 0 o N

\N/
BnO OAc 0OBn
AcO BnO
OBn OAc Q8Bn
(14) (15) (16)

The protected glycoside (15) was prepared conventionally along
with the Na-regioisomer, 8 and B-D-glucopyranosides of various

benzimidazoles have been reported,39 as has the Nl, N3-bisg1ucoside

of uracil.40 N7-8-D-glucopyranosy1-1,3,8-crimethy1xanthine was
prepared by cyclization of a glucosylamine derivative.41 When
tetra~0-benzyl-o-D-glucopyranosyltrichloroacetimidate reacted with
benzotriazole under boron trifluoride-etherate catalysis, the
glucoside (16) and its Nl-isomer were produced in a 2:1 ratio;
similar chemistry gave 1-B-D-glucosides of uracil and thymine.42
B-D-Allofuranosylthymine derivatives have been prepared from com-

pounds of gluco configuration by inversion at C-3'.[‘3

3 Anhydro- and Cyclonucleosides

A full account has been given of the synthesis of 2',5"'-anhydro-I-
B-D-ribofuranosyluracil and its 5-substituted analogues (see Vol 18,
P. ]94-—5),[‘4 Similar chemistry has also been used to prepare the

analogous isocytidine system (17).45

0 NH, 0 0
M
N N N\ N € Me
S NS WA i
H N
2 N N N MsOCH N Meo—kN
ie) CH,OH } Lo 0
0 SN o o
0
OH
17 oH W
(17) (8 . T&R (19) (20)
| NHa
N CO.Et N N
o / 2 H’/, \N / \N
| » 0 | J HN l gy
o. N 2 o N N HOCH, N NP
O\
Tu = ;_;-Toluoyt

0

>

(21) (22) (23) X = NHor O




198 Carbohydrate Chemistry

8,2'-Anhydro-8-hydroxymethyl-9(B-D-arabinofuranosyl)adenine
{18) was prepared by monotosylation of the 2',3'-dibutylstannylene
derivative of the ribonucleoside, followed by intramolecular sul-
phonate displacement.46 Cyclization of the 3',5'-dimesylate of
dihydrothymidine gave the cyclonucleoside (19), which with methox-
ide gave the 3',5'-anhydro system (20).[‘7 The 2,5'-cyclonucleoside
(21) was formed on oxidation of the imidazole nucleoside with
alkaline hypobromite or E—chlorosuccinimide,48 Formation of
8,5'-0-cyclonucleosides can accompany the acylation of isopropyl-
ideneadenosine, as in the production of (22; R=H or p-Tol) in a
combined yield of 45% by use of p-toluoyl chloride and triethyl-
amine in dichloromethane.49

A number of purine 8,5'-imino and substituted imino cyclo-

nucleosides have been prepared,50 as have a variety of 8,2"'-hydrazo

Sl The 2,3'-iminohexo~

and oximido- bridged purines such as (23),
syluracil nucleoside (24) was produced as shown in Scheme 4; some
similar cyclonucleosides were prepared and a mechanistic picture

emerged.52 The iminocyclonucleosides (25) were prepared by reactio

CH,OH CHQOAc ACOHC N—L:%Li]
o U _ c0 ou AcO
NHAC LN NHAcAcO ) * AcO

OMs (24)
Reagents : L, NaOAc - methyicellosolve - HyO ; i, Acy,0-Py

Scheme 4

(25) X= QorNH

OH

of 2,2'-anhydro-5'-chloro-f-D-arabinofuranosyluracil or -cytosine
53

with B-aminobenzenesulphonamide.
In an abstract of a plenary lecture, Ueda has reviewed his

work on carbon-bridged cyclonucleosides.54 His group have reported

the synthesis of 6,2'-methanecyclouridine (26) as outlined in Scheme

55 . P s
5, whilst Scheme 6 indicates a route to the 2'-deoxy derivative
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o]
B
P o_ U r o
[ -
PrySi § L MsOCH, vy N/go
0] 2 7
A —Y2 -
PrySi—0 o] OH IH,C }1
(—12
Reagents : U, PhyP:CHy i, 0504~ NMMO; i, MsU-Pyi oy oH  OH
iv, Bry- NaOAc-HOAC ; v, LiT jvi, Bu,ySnH-AIBN, (26)

vii, DBU | vili, BugNF
Scheme 5

(27);56 the starting material in Scheme 6 was produced from the
2'-ketonucleoside of Scheme 5. Similar chemistry has been employed
for the synthesis of 2'-deoxy-6,2'-ethanocyclouridine. A free-
radical cyclization was employed to prepare 6'-deoxy-6,6"'~methano-

cyclouridine.58

0 0 o
Br- NH
l NH ‘ NH '
0 N/go Eto—% N/go 2o “*O
0
./ . . S
PriSi L ~ [
"2 L\o CH2CO,EL k ?
N (2
Przst\o OH
(27)

Reagents: L, DBU ; i, DMSO-Hy0-NoClL ; iid, BugNF
Scheme 6

4 Deoxynucleosides

Zinc chloride has been found to improve the yield of B-nucleoside
produced from a-2'-deoxyglycosyl chlorides with less reactive bases,
which otherwise undergo competing anomerization rather than SN2
reaction with the base.5

Standard procedures were used to obtain a- and B-2-deoxy-D-
erythro-pentofuranosyl nucleosides of 5-methylimidazole-4-carbox-
amide,60 S—halovinyl—é—azauracils,6] 5-trimethylsilyluracil and
—cytosine,62 5-halo~2(1H)-pyrimidinones (both anomers showing anti-
herpetic activity),eB-and 5-alkynyl-2(1H)-pyrimidinones, these last
being better prepared from the 5-iodo compound and an alkyne in the
presence of CuI and PdII complex.6A Some 5-substituted 2'-deoxy-
uridines (28; X=H, R=Br, OBu, SMe, NMez) have been prepared by silyl-

Hilbert-Johnson procedures, but attempts to make analogous methyl
3

orotidines (283 X=C02Me) gave only the N3-riboside or Nl,N ~bis-

ribosides.65
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)j\)‘\/l[wzs W, y
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HOCH> N X CHE%? OMe
OH OH

(29)

(29)

Phase-transfer glycosylation was employed in the synthesis of

2'-deoxyribofuranosides of allopurinol66

stituted-1H-pyrazolo[3,4-d]pyrimidines,

. . 8
of 7-deaza—2'—deoxy1nosxne,6

and various other 4-sub-

66,67 and for the preparation

whilst glycosylation of a sodium

salt was used in the synthesis of 7-deaza-2'~deoxyxanthosine and

7-deaza-2'-deoxyspongosine (29),
which was shown to be much more
2'-deoxyribofuranosides of some
ribofuranosyl)benzimidazole was

sulphurization of a 2,2"'-cyclic

69 13),

and

2'-deoxy-l-deazawyosine (see
. . 7
stable than wyosine itself, 0

benzimidazoles.71 1-(2'-Deoxy-B-D-
also prepared by Raney nickel de-

sulphide.72

The synthesis of 2',3'-dideoxynucleosides can be achieved by

Barton-type deoxygenation of 2'-deoxynucleosides protected at
73
0-5"'.

5 Halonucleosides

2'-Chloro-2'-deoxy=- and 2'-deoxy-2'-fluorouridine labelled with

radiohalogen have been prepared from 2,2'-anhydro-1!-B-D-arabino-
74

furanosyluracil.

labelled with 36Cl,

75

1-(3'-Halo-3"-deoxy-B-D-arabinofuranosyl)uracils

82 123

I were synthesized from the 2',3'-

anhydronucleoside.

Derivatives of (5-chloro-5-deoxy-f-D-arabinofuranosyl)isocyto-

45

sine have been prepared as shown in Scheme 7. A derivative of

. 1
3-chloro-3-deoxyallose has been converted into N ~{(3-chloro-3~deoxy=-

2,4,6—tri—g—acetyl-B—D—allopyranosyl)—S—fluorouracil.76

A i
HN N
| BnHN ’"\)Nj

OA\N/'
CLCH, CLCHa CLCH,
0 _ 0 o}
(R
ACO «— HO
OH

OAc OH CL
Reagents: i, NHy~MeOH ; i, Acy0-Py | ik, BnNHg

;):o

HN
ACN*N/J

Y
"

Scheme 7
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References to the isolation of 2'-chloropentostatin from

natural sources are given in Chapter 19.

6 Nucleosides with Nitrogen=-substituted Sugars

A number of purine 2'-amino-2'-~deoxy~B-D-ribonucleosides have been
prepared by microbial transglycosylation between the purine base
and 2'-amino—2'—-deoxyuridine.77 The 3'-azido-3'~-deoxy-f- and 3'~
azido,2',3'~dideoxy-a- and B-D-ribofuranosides of benzimidazole
were synthesized conventionally from 3-azido sugar derivatives.78
A range of 3'-0-acyl derivatives of 5'-amino-5'deoxythymidine have
been reported, and shown to have anti-herpes activity,79 whilst
displacement of a 5'-tosylate was employed in the synthesis of
5'-0-aminothymidine and 5‘—deoxy—5'—hydrazinothymidine?o

Reaction of 3,4,6-tri-O-acetyl-2-deoxy-2-nitroso-a-D-hexo~-
pyranosyl chloride with pyrazole gave as major product (30),together
with epimers at C-1 and C-3, the latter epimerization presumed to
occur via the 2-nitroso-2-ene. Treatment of (30) with sodium azide
in ethanol (Scheme 8) gave (31) as major product, presumably also

by elimination-addition,and hydrogenation-acetylation then gave the

aminooxime (32)8]
CH,0Ac CH,O0Ac
0 [¢]
OAc = — N3 —_— NHAc A
ey
AcO N N, AcO N
3 N7 3 A
N-OH N N-OAc N
(20) (31) (32)

Scheme 8

Further references to 3'-amino-3'-deoxynucleosides are in

Chapter 19.

7 Thionucleosides

A convenient preparation has been reported of S-adenosylhomocyste-
ine (SAH, 33) from adenosine and a homocysteine derivative by a

Mitsunobu-type reaction (Scheme 9). The 3- and 7-deazaanalogues

,CH;~S~CHy
. Me0,C CH(CHL),S CH Ad
Adenosine + 277 (cHa 2 jL AL AN F2 0
CF3CONH 2 cH
+ 7 N -
H3N" “co,
Reagents: {, BuyP - Py or DMF ;ii, Ba(OH),~ MeOH-HR0
oY 2 OH OH

Scheme 9 (33)
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were also prepared.82 Another improved procedure for the synthesis
of SAH has also been reported, involving more conventional reaction
of the disodium salt of homocysteine (analogues can also be used)
and 5'—chlnro—5'—deoxy—2',3'—g—isopropylideneadenosine.83 Use of
the salt of 2-methylhomocysteine in a similar procedure gives the
appropriate SAH analogue;84 the same approach was used in a much
improved route to §-3—aminopropy1-5'—deoxy—S'-thioadenosine

6 N0-dimethyl

(decarboxy—SAH),85 and for the synthesis of the N
analogues of SAH and of_§1denosy1methionine(SAM).86 The natural
form of SAM in various tissues has been shown to have S<configura-
tion at sulphur by an h.p.l.c. method that separates the diastereo-~
isomers.87
A number of nucleoside analogues of type (34) containing the
l-oxa-4-thiacyclohexane ring have been reported,88 and their n.m.r.

. 89
spectra studied.

NHy CN
CH,OH NF
o k

_) b

s 0
CH,
(34) (35)
OMe OH

8 Nucleosides of Unsaturated Sugars, Ketosugars and

Uronic Acids

Anomeric 2,3-dideoxy-D-erythro-hex-2-enopyranosyl nucleosides have
been synthesized by Lewis-acid-catalysed condensation of triacetyl-
glucal with silylated heterocycles;the C.D, spectra of the products
were investigated?o Mycalisine A, isolated from a marine sponge,
has the structure (35), related to known antibiotics such as tuber-
cidin. Mycalisine B, from the same source, is the corresponding
4-0x0 compound; neither material has antimicrobial activity, but
they inhibit cell division of fertilized starfish eggs.91

The 2'-keto-3'-deoxy nucleoside (36) has been prepared by an
abnormal Grignard reaction92 and by a Perkow feaction,93 as outlined

in Scheme 10; the latter approach was unsuccessful when attempted

for the synthesis of 3'-keto systems, due to B-elimination. The

unsaturated theophylline ketonucleoside (37), with a spacer-arm
suitable for linkage to macromolecules, has been prepared by a

multistep sequence?4
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CHQOTr
et nl r -~
\3 2/ : g \3 2(
OTs OH 36) oTs O
Reagents: i,MeMqgl ;u, (Meo)a Scheme 10
Me
N N o

HOCH,CHy O =CHy

NI"Ie.
Q (31

The uronic acid analogue (38) of the antiviral agent IDU and

the corresponding 2'-deoxy system were prepared via the oxidation

procedure shown in Scheme , which should be of wide utility.
cuon cozau CO,H o
o, W 1
O HN
N = )\ |
' 07N
M
>< OH OH
"> ©9) |

Reogentis: i, PDC-Ac,0- BUFOH ; i, TFA
Scheme 11

9 C-Nucleosides

The reaction of pseudouridine with o-acetoxyisobutyryl chloride has
been reinvestigated, and some of the findings are outlined in

Scheme 12. The major product had previously been assigned a ribo

I Cly + .Ci R
3’ 2
2 3’
OAc OAc o]
Reagents: i, Me,C{0A)COCL; i, MeZNCH(ONeW
'ull NaOMe
Scheme 12

configuration and the intermediacy of the 4,2'-anhydro system had
been presumed; this system has now been shown to be stable to HCl

: . . 96
in acetonitrile.
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The alkene (39), produced by Wittig reaction, gave exclusively
B-anomers (40) on cyclization and hydrolysis. The o-chloroacid was
converted (Scheme 13) via the chloroketene to pyridoll,2-alpyrimid-
ine C-nucleosides,but in low yields.97 The spiro 1,3-oxazine (41)
CHy0Bn CHgOBn COQH

OH |
SN0 g
COth
BnO OBn o]

(39) 0Bn  0Bn OEt B-D-Rib-f
(40)
Reogents: (, Et3N ; i, NaOH - HyO - Dioxan | liL, SOCLz-EtaN or TE,0-ELyN;iv, formimidate ; v, BCly
Scheme 13

available from the 2,5-anhydroallononitrile via a cyclic imidoester,

98

was converted into pyrimidine and 1,2,4-triazole C-nucleosides,

and imidazol[1,2-alpyrazine systems such as (42) have been

e}
HN)j\ o
© 0 Me HN )\/N
0 i
K\/N /
p-D-Ribf
0 o (41) (42)

elaborated from the nitroaldol product of nitromethane and tri-0-
benzoy1-2,S—anhydro—D—allose.99 Some 2-(a-and B-D-ribofuranosyl)
pyrroles have been synthesized by dehydration of pentitols under
kinetic control; under conditions of thermodynamic control, pyrano-
syl systems predominated.loo
5-(B-D-Ribofuranosyl)-1,2,3,4~-tetrahydrophthalazine-1,4-diones
have been prepared by means of cycloaddition to derivatives of 2-
(B-D-ribofuranosyl)furan,101 and related cycloadducts with maleimide
have been described.lo2 The pyrazolo[3,4-ell1,3]-oxazine (43) and
protected forms of the 5-thione and 5-aminocompound have been

obtained by cyclization of the antibiotic pyrazofurinlo3 and 3-de-

azaoxanosine (44) and its l-methyl derivative have been reported.104
o] H H
HNT S \ o | N 7 N
N
J\ HQNJ\N { NN
B-D-Rib-f B-D-Rib-f HOH2C 0
(43 (+4)

OH (45)
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A series of 2'-deoxyribofuranosyl C-nucleosides of imidazo-

fused bridgehead nitrogen systems, typified by (45), have been
prepared starting from tri-Q-benzoyl-2,5-anhydro-D-allonic acid.lo5
A route has been developed for the synthesis of a number of
2'-substituted-2'-deoxy~-B-D-arabinofuranosyl derivatives of I-
methyl-y~uridine (46). As outlined in Scheme 14, participation of

the carbonyl oxygen of the aglyconein reactions at C-2' was prevent-

ed by 0-2/C-5"' cyclization.106

4-(D-Erythrofuranosyl)imidazolethiones have been prepared by

107 and a-D-erythrofuran-

R 1
osyl C-nucleosides of pyrimidines have been reported. 08 3-(B-D-

cyclization of the corresponding tetritols,
: . 109
Erythrofuranosyl)pyridazines can be prepared from glycosylfurans.
The synthesis of 4-acetyl-2-(3-deoxy-3-nitro~B8-D-xylopyranosyl)-6-
methylpyrrole has been accomplished by periodate oxidation of the

B-D-erythrosylpyrrole followed by condensation with nitromet;hane.]lO

o} o]
HN/U\NM(’, HN)KNMe

X
N NMe
!
MsO © < © ~ HOCH © ~
sOCH;, . L vid 2
0 - v_~_> le) Vi,V 0
X X = CL,Br,
N3,0Ac

o_ 0 OAc OTFf OH

~ (46)

0]
Reagents: i, DBU; t, HpO-Py ik, Buy SnO; iv, Ac,0- DMF 5 v, TFCL- EbgN ; vi, MX ; vié, Resin (H)
Scheme 14

10 Nucleoside phosphates and phosphonates

As usual, standard syntheses of nucleotides are not included here.
A review on the synthesis of phosphodiesters by the cyclic enediol
phosphate method includes syntheses of phosphatidyl sugars and
nucleosides.lll In reports of plenary lectures, Reese has discussed
the current position regarding the protection of the 2'- and 5'~-
hydroxy functions in the synthesis of oligoribonucleotides,112
whilst Pfleiderer and co-workers have surveyed the development of
the E-nitrophenylethyl group for the protection of phosphate, phos-
phite and amide groups,as well as the E—nitrophenylethyloxycarbonyl
group for amino and hydroxy protection,in nucleoside, nucleotide
and oligonucleotide chemistry.“3
The model dinucleotide triester (47) has been prepared. On
treatment with acid, the phosphotriester was unstable, giving rise

to, inter alia, both 3' = 5'- and 2' - 5'-phosphodiesters.l14
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cuzou O~ CHZ
Bz ” OH O/;,D\
/
L (49)
Ac  OAc OPx M, CH0- p o OH

(4'7) (Px = 9-phen.3an.rbth5L)

Bis-3' -+ 5'-cyclic dinucleotides of type (48) havebeen syn-
thesized; they are competitive inhibitors of DNA-dependent RNA
polymerase of E. coli.”5

Analogues of cyclic AMP derived from the carbocyclic nucleo-
sides aristeromycin and neplanocin have been prepared by intra-
molecular phosphodiester bond formation catalysed by divalent lead
ions,“b and studies have been reported on the synthesis and biol-~-
ogical activity of nucleoside 3',5'-cyclic phosphotriesters and
phosphoramidates.117

Enzymic phosphorylation has been used to prepare 5'-phosphates
of 5-aminoimidazole nucleosides of D-ribo,D-xylo, and D-arabino

configurations.118

The two signals in the 31P n.m.r. spectrum of the mixed
diastereomers of 2'-deoxyadenosine 5'-S-methyl-O-methylphosphoro~-
thioate have been assigned; this information, together with previous
knowledge of I80 isotope shifts and their dependence on bond order,
gives rise to a simple way of determining the chirality at phos-
phorus of a deoxynucleoside 5'—[160, ]80, S]phosphorothioate.119

The phosphonate (49) has been synthesized from diisopropyli-

dene glucose, and then elaborated into an isosteric bisphosphonate
120

analogue of the trinucleotide UpUpU . 2',3'-Cyclic phosphonates
of type (50) and their regioisomers with the phosphonate carbon
linked to 0-3' have been prepared.|21 A review has appeared con-

cerning the synthesis of 5'-O-phosphonomethyl ethers of the common

nucleosides as analogues for the substrates of enzymes involved in

nucleic acid metabolism.122

Ph

(Pt0),P-CHy OAc

(a9)
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11 Ether, acetal and ester derivatives

A review on the use of protecting groups derived from organosilicon
reagents includes a discussion of the protection of 1,2- and 1,3~
diols; many examples from carbohydrate and nucleoside chemistry are
included.]23

Routes have been described for the synthesis of N-acyl-2'-0-
p-methoxybenzyl ethers of ribonucleosides, these being of potential
:se in oligonucleotide synthesileA and economical, large-scale
syntheses of N-acyl-5'-0O-dimethoxytrityl-2'-deoxynucleosides have
been described.]25

In connection with the synthesis of 2' + 5'-linked pyrimidine
oligonucleotides,. the 3'-0-(4-methoxytetrahydropyran-4-yl) deriva-
tives of uridine and 4-N-benzoylcytidine have been prepared.126
A similar achiral, acid-labile protecting group has been employed
in oligonucleotide synthesis; this is the 3-methoxy-1,5-dicarbo-
methoxypentanyl (MDMP) group (51), which when present at the 2'-
position was completely stable during the removal of a 5'-pixyl
group.127

Interaction of a ribonucleoside with dibromomethane under
phase-transfer conditions gave 2',3'-0-methylene acetals. In the
case of the uridine derivative, glycosyl cleavage occurred in acid
before complete deprotection, and, since purine nucleosides are

more labile, methylene acetals are unlikely to be of any practical

use as blocking groups in nucleoside synthesis.128
CHy———0 CH,OH

RO OMe 6. T \ o, Tn

- @ b

COpMe COpMe iy \o

(51) (52
Marciewicz has reviewed the use of the 1,1,3,3,-tetraisopropyl-
disiloxanylidene (TIPDSi) protecting group which he has pioneered.l29
The migration of this group from the 3',5'- to the 2',3'- position
130

in uridine has been demonstrated, and its partial cleavage to

131

3'- and 5'-0-silyl compounds has been studied. Treatment of

deoxynucleosides with di-tert-butyldichlorosilane and imidazole in
DMF gives sila analogues of 3',5'-cyclic nucleotides; the thymidine

derivative is more stable in acid than the corresponding TIPDSi

132

derivative. The first non-ionic dinucleotide analogue with

silicon in place of phosphorus (52) has been synthesized.l33

Improved, high-yielding procedures have been given for the

. . . 1
2',3'-0-methoxymethylenation of N-protected ribonucleosides. 34
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2',3'-Dialkylstannylene derivatives of ribonucleosides have been

prepared conventionally, and characterized by i.r. and ]IQSn
Mossbauer spectroscopy.135
A number of 3',5‘-diesters]36 and 3',5"'-bis(dicarboxylic acid)

hemiestersl37

of 5-fluoro-2'~deoxyuridine have been synthesized
and evaluated as prodrugs by examination of their susceptibility to
esterase hydrolysis. The higher antitumour activity of longer-
chain diesters correlated with a slower enzymic release of fluoro-
deoxyuridine. 136

A high-yielding preparation of 2',3',5'-tri-O-acetylinosine
has been reported,138 and a number of partially acylated derivatives
of uridine and N6-benzoy1adenosine were prepared for use in

139

nucleotide synthesis. Various derivatives of uridine and inosine

with 5'-0-haloacetyl or -carbamoyl substituents have been prepared;
2',3'-0-isopropylidene-5'-0-iodoacetyluridine showed significant
cytostatic activity.l40
Condensation of 5'-0-trityladenosine with an aminoacid tosylate
in the presence of carbonyldiimidazole followed by acidic detri-
tylation gave a mixture of 2'- and 3'-0-(aminoacyl)adenosines,in

. U . 141 . .
which the 3-isomer predominated; 4 similar chemistry was used to

prepare 5'-phosphates of 2'- and 3‘—aminoacy1nuc1eosides.142

12 Miscellaneous nucleoside analogues

An abnormal Grignard reaction was used in the synthesis of 3'-C-

methyl-2'-deoxyuridine, as outlined in Scheme 15.143 The presumed
CHpOTr CH,OR
0 9]
. R="Tr
—_— I 5 2"\ —_— Me
- ) / w
Y =H
OH OTs OH R=

Reagents: i, MeMgI (15 eq.)-EL,0 (0°) ; ik, Anthranilic acid - ZnBr,- MeNO,
Scheme 15

3'-ketonucleoside intermediate reacts further with the Grignard

reagent, in contrast to the 2'-keto system referred to in Scheme 10

ey . . 143
above.92 The conditions for detritylation are noteworthy.

Direct ring opening of the epoxide in 1-(5'-0-trityl-2',3"'-anhydro-
B-D-lyxofuranosyl)uracil with organometallics gave rise to C-alkyl,

PR 1
alkenyl and alkynyl-3'-deoxy-ara-uridine analogues such as (53). 44
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CHoOH HyNO(TH, ), “N—CHp CH,0Bn ,0—CH,

AN SRS

CH=CHp

(53) (54) (55)

The hydroxylamine derivative (54) has been prepared as an
analogue of SAH,IAS and (55), an analogue of UDPG, was synthesized
from tetrabenzyl glucose,isopropylidene uridine and chlorosulphonyl

. 146
1socyanate.

13 Reactions

Convenient and high-yielding procedures have been described for the
periodate oxidation-borohydride reduction of N-acyl-5'-O-monoethoxy-
trityl ribonucleosides.‘47
The kinetics and mechanism of the rapid acidic hydrolysis of
wyosine (13) has been studied; mechanistically the process proceeds
as for simple nucleosides.148 Full details have appeared of an
earlier report (Vol.12, p. 166) on the similarly rapid acid hydroly-
sis of 3—methy1inosine}49 The hydrolysis of 9-B-D-ribofuranosyl-

purine in alkali has been studied; the reaction proceeds via initial
opening of the imidazole ring.lSo
2'-Deoxyguanosine was selectively labelled with deuterium at
C~-4', via base-catalysed exchange of the 5'-aldehyde.]51
Further work has been reported on the interaction of the anti-
tumour agent Ez—methy1-9—hydroxyellipticinium acetate (56) and
related compounds with nucleosides (see Vol. 18). With adenosine

under oxidative conditions (horseradish peroxidase—H2 2) the spiro-

CH,OH CH,0H

Me
Ad
(o] Ad HO, x ﬁ/Me o]
N a
H "OA
(o8 Me © O/,,,. 0

Ho) (=) 0
D

(58)

adduct (57) is formed, presumably via quinone imine intermed-

iates.152’153 When the nucleoside does not have a 2',3'-cis~diol

(s7)

/

arrangement, then the products isolated are of the type (58), or,

under appropriate conditions, the corresponding, rather unstable,

. L 152-154
quinone imines.
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Reactions of arenesulphenyl chlorides with hydroxyl functions
of nucleosides have been investigated; with Ns-phthalimido-Z',3'-
O-isopropylideneadenosine, o-nitrophenyl sulphenyl chloride gave
the 5'-0O-sulphenyl ester, whilst other sulphenyl chlorides without
an o-nitro group gave mixtures of sulphinate esters and 5'-~deoxy-

5'-chloro compound. Mechanisms were suggested.155

14 Spectroscopic and other Physical Measurements

A review, in Russian, on the molecular and crystal structure of

nucleosides and their derivatives includes much data on conforma-

. . . . 156
tions and intramolecular interactions.

FAB mass spectrometry of nucleosides, nucleotides and oligo-

157

nucleotides has been reviewed; the spectra of the major nucleo-

sides of RNA and DNA have been reported in both positive-and

negative-ion modes,and the advantages and disadvantages of the FAB

. . . 158
method relative to other techniques was discussed. >

: . 1
By use of lJ(C—H) coupling constants and other data the 3C—

n.m.r. spectrum of the ribose unit of a-D~nucleosides was assign-

ed.159 The ]3C-n.m.r. spectra of a large number of methylated
ribonucleosides and deoxyribonucleosides have been measured and
a\ssigned.]60 31P—N.m.r. was used in a study of the mutual exchange

between ordered forms of GMP disodium salt in aqueous solution.]61

Three-bond coupling constants (C-6,H-1' and C-2,H-1"') in the 13C-
n.m.r. spectra of pyrimidine nucleosides were used to obtain in-
formation on the glycosidic bond conformation; in conjunction with
X-ray results, a four-state conformational model was proposed con-
sisting of an equilibrium between two syn and two anti conforma-

1 . . . .
62 Other n.m.r.studies of conformation are discussed in the

tions.
next chapter.
The stacking interaction between tryptophan and uracil was

studied in the model compound (59); intramolecular stacking in

___-CH—C—C-0-CH,
ORETNIN
N
H

(59 OH OH

solution was demonstrated by hypochromism and fluorescence emission,
but in the solid state the compound has an extended structure,the
indole being stacked with a uracil in another molecule.]63 Neutron
scattering has been used to study nucleoside association,and the

results were consistent with the hypothesis that base stacking of
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nucleosides,unlike that of bare purine bases,does not lead to near-
perfect parallel separations.]64 Measurements of partial molar
volumes and isentropic partial molar compressibilities of some
nucleosides and nucleoside bases have also been used to study stack-
ing effects.165

Raman spectra of nine crystals containing guanosine moieties
have been reported; useful correlations were obtained with the con-
formations previously established by X~ray studies.166 The temp-
erature-dependent CD spectra of a- and B-5-substituted-2'-deoxy-
uridides indicate an increase in the proportion of syn isomer in

167,168 The preferred

changing from aqueous to ethanolic solution.
stereostructures of two nucleoside analogues were determined by
comparison of physical data with that obtained by a quantum-
mechanical method of conformational analysis.169
As part of a study of the relationships between torsional
angles and ring-puckering coordinates, it was shown that the
puckering of a N-membered ring may be specified by a set of (N-3)
ring-puckering coordinates computed from either the endocyclic
torsion angles or the atomic Cartesians; endocyclic torsion angles

were parametrized for furanose rings using 178 crystal structures
170

of nucleic acid constituents.
Theoretical calculations have been applied to adenosine and

its mono-, di-, and triphosphates to calculate its vibrational and
conformational behaviour and thermodynamic properties. 71

The temperature dependence of the solubility of common nucleo-
sides in various alcohols has been studied and used to determine
the thermodynamic parameters for the dissolution process.172

X-ray crystal structures of nucleosides are mentioned in

Chapter 22.
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N.M.R. Spectroscopy and Conformational
Features

1 Theoretical and General Considerations

Ab initio SCFMO calculations at the ST0-3G level have been carried
out on HOCH OPO H'~ and HOGH OPO 7, model systems for the C-1
phosphate moiety of sugars, %o determine the anomeric effect of the
phosphate group. A complete potential energy map was constructed for
CH OPO_H as a model for sugar Cé-phosphate. Calculations on co-
enzyme 1 (NAD) using CNDO/2 and SCF-PPP to obtain the mM-electron di-
pole moment and the atomic electric charge distribution have been
based on nicotinamide, adenine, and 1,N -ethylene adenine as sections
of the enzyme. The results were used to obtain quantum chemical
interpretation of the n.m.r. spectra of NAD. A rapid and direct
method has been described for generating furanose co-ordinates from
the pseudorotation angle and has thus overcome ihe greatest
difficulty in modelling nucleic acids. The method gives co-ordinates
for any point in the pseudorotational pathway from the phase angle of
pseudorotation (P) and differs from previous schemes in that endo-
cyclic bond lengths in_the sugar ring are allowed to vary a small
amount depending on P. The relationships between torsional angles
and ring-puckering co-ordinates have been studied using endocyclic
torsion angles for furanose rings that were parameterized using 178
crystal structures of nucleic acid constituents, and it was shown
that the puckering in an n-membered ring could be specified by n-3
ring-puckering co-ordinates computed from the endocyclic torsion
angles or the Cartesian atomic co-ordinates.

Conformational analysis calculations for determinant tri- and
tetra-saccharides with Lea, Le , and H group specificity showed that
these oligosaccharides are structurally rig%d and in aqueous sol-
ution are present in only one conformation.

Detailed analysis of 1H n.m.r. spectra of methyl-epoxytetra-
hydropyrans has shown the steric requirement of a methyl group: the
molecules represent simple models of anhydropyranoses. Analysis of J
data for trans-2-methyl-3,4-epoxytetrahydropyran (1) shows that it
exists entirely in the QO-opposed conformation A whereas for the cis-

217
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2-methyl compound (2) the equilibrium consists of 40%Z A and 60% B.
The results confirm the previously assumed repulsive effect between
epoxide and tetrahydropyran ring oxygen making (1) A and (2) A un-
expectedly more stable. Partial deuteration of exchangeable

O, Me e s
e = S el vgrasy
0 S 0 e oo T
A (1) B A (2) 8

protons manifested by a series of isotopomers was observed by n.m.r.
spectroscopy under conditions of slow exchange; the method was
demonstrated by H and C n.m.r. of carbohydrates such as lactose.
Most signals, seen as characteristic multiplets (doublets to octets),
could be assigned unequivocally in one experiment by analysis of 2-
and 3-bond isotope effects. Most usefully, the method allowed study
of intramolecular OH---OH hydrogen bonding, illustrated for

partially acetylated sucrose.8 Isotope multiplets in the C

n.m.r. spectrum of partially deuterated D-idose in DMSO-propanone
have also been used to assign the spectrum. Successive dilution with
deuterium oxide and extrapolation gave the equilibrium composition in
pure deuterium oxide. The &-pyranose: g-pyranose: o-furanose: fg-
furanose ratio was found to be 26.5:56:10.5:7 in the non-aqueous
solvent and 38:38:10:14 in water. The «-pyranose is a mixture of
conformers in water but in the non-aqueocus solvents intramolecular
hydrogen bonding dominated the conformation,which was largely 491

(D) in these media.

Anomeric effects in 2-chloro-, 2-methoxy-, 2-hydroxy-, and 2-methyl-
amiE?-tetrahydropyrans of‘AAHO= +2.12, +0.75, +0.61, and -0.33 kcal
mol respectively have been calculated on the basis of variable-
temperature H and C n.m.r. determination of equilibrium constants
and comparison with the cyclohexane analogues. The competition
between endo- and exo-anomeric effects was noted, the negative
value of which indicates a preference for the equatorial
orientation.

A useful review of the 13C n.m.r chemical shifts of 60 naturally
occurring steroidal saponins includes a tabulated compilation of data
for methyl glyco-pyranoside and -furanoside pairs and a discussion of

C n.m.r. methodology. A review of the n.m.r. spectroscopy of
natural macromolecules including nucleic acids and polysaccharides
has appeared. ’ 13

Determination of JC - values from the C n.m.r. satellites in
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high-field 1H spectra has been demonstrated for D-glucose, D-
mannose, 1,2,3,4-tetra-0-acetyl-g-D-ribopyranose, and methyl 2,3,4,6-
tetra-0-acetyl-o-D-glucopyranoside. The satellites occur at 80-85Hz
from the central proton signal and may be observed fog chemical shift
separated signals within 15 min using 3-5 mg samples.

2 Acylic Systems

1
The H n.m.r. spectra at 400 MHz of 9 monodeoxy alditols support

previous conclusions on conformation in solution. The conformations
of some penta-0-benzylhexononitriles and 5-(penta-O-benzoylpentitol-
1-yl)tetrazoles have been deduced from H n.m.r. spectroscopic data.
A series of derivatives of N-acetylneuramino-1,4-lactone diethyl
dithioacetal (3) has been investigated by n.m.r. spectroscopy. Com-
plete assignments of H and C resonances were achieved by
measurements of relaxation times, selective decoupling experiments,
and 2D shift correlation spectroscopy. The conformational analysis
of the fully acetylated derivative was based on J values and
n.0.e. using the assignments of all the acetate gréups. The in-
fluence of difggrent substituents on the conformational behaviour

was discussed.

SEt
H SEL
AcHN—Ln 07 S0 (3) R=R*=R’=R*=H R'=R? =R = Ac, R*= siBuMe,
R0 R'=R?= &%= H R*= SiButMe, R'=RP=Ac, R®=R%= SiButMe,
OR? R'=R*=R*=R*=Ac R'R*=C0,R3=Ac, R*= SiButMe,
or?
CH,0R*

3 Furanose Systems

1
The conformations, determined by H n.m.r. spectra, of «-L-arabino-

furanosyl pyridinium salt (4) and its triég-benzoyl derivative are

N CH,OR!
I P Rlo o
o |o8° RO
oH OR
(5) R=Ac, R'=Bz
HOCH,  OH (6) R=Me, R"=Bz

) (7) R=R'=H



220 Carbohydrate Chemistry

E2 and OT1 respectively.17 Conformational studies by DAERM
analysis of J values on the three 3-deoxy-D-arabino-hexose derivat-
ives (?) - (7% have been carried out.

The H and C n.m.r. data for the x- and g-pyranose and furanose
forms of methyl L-rhamnoside have been collected and compared with
those of the corresponding mannosides. All signals in the C
n.m.r. spectra of 1,2-0O-isopropylidene~ and 1,2-0O-exo-benzylidene-o-
D-gluco- and @-L-ido-furanurono-6,3-lactones have been unambiguously
assigned by means of two 2D experiments. The Karplus equation
applied to the conformational analysis of the sugar in sitosteryl
2,3-di-0-acetyl-&-D-riburonofuranoside methyl ester has shown that it
exists preferentially in the OE form. Reference to the con-
formation of the dimer of 1,2-0O-isopropylidene-&-D-pentodialdo-1,4-
furanose will be found in Chapter 6.

C-N.m.r. chemical shifts of 22 methylated ribonucleosides and
deoxyribonucleosides have been measured and assigned. A Karplus
relationship between dihedral angle and C-2,H-1' and C-6,H-1' vicinal
coupling in uridine derivatives has been found from a study of uracil
cyclonucleosides of known glycosidic conformation. A simple
method for estimating the relative contributions of the syn- and
anti-conformers for purine nucleosides and nucleotides in solution
utilized three H n.g.r. parameters: (AH2'-aH5'), J1 o and
(J + J ). ’

4',5'a 4L',5'b

4 Pyranose Systems

13

The cross polarization-magic angle spinning technique used for C
n.m.r. of solid methyl &£- and p-D-xylggyranosides has been shown to
be sensitive to the crystal packings.

The substitution pattern in the aromatic nucleus of 2-methoxy-4-
hydroxy-phenyl A-D-glucopyranoside (8), isolated from the liverwort
Isotachis japonica, has been determined with the assistance of an

n.0.e. between the an?geric proton and the ortho proton on the

aromatic nucleus. C n.m.r. data for N-(m- and p-substituted-
CHaOH
00 OH
OH OMe
HO
OH

(8)
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phenyl)7B—D—glucopyranosylamines, their peracetates, and the Amadori
rearrangement products, 1-N-(p-methyl-, -ethyl-, and -methoxy-
henyl)amino-1-deoxy~D-fructose, have been gathered. Unambiguous

C n.m.r. assignments have been obtained, using 2D techniques, for
several glycosyl azides, 6-deoxy-, and 2-acylamino-glycosyl azides,
and some 2- and 3-azido monosaccharide derivatives. Generalizations
%ncluded the finding that J R values are 4-9 Hz larger than

JC a values. A substituent’such as hydroxy, acetoxy, alkoxy, and
azidé in a 1,3-diaxial relationship with the axial proton sig-
nificantly increases the value of J , as do the bond angle
distortions in some isopropylidene fuéeg—ring systems. Electronic
and steric effects of substituents at non-anomeric carbon atoms may
alter the J values for anomeric carbon atoms to such an extent
that they are’no longer useful for the diagnosis of anomeric con-
figuration. Bond angle deformations also influence the C chemical
shift differences in e- and A-anomers at C-5 and, to a lesser extent,
C-3., A large amount of chemical shift data obtained in deuterium
oxide and deuterochloroform was tabulated. The effects of tri-
fluorcacetylation on the C n.m.r. spectra of 2-acetamido-2-deoxy-
D-glucose, -D-galactose, and-D-mannose have been studied. In con-
trast to H chemical shift? there was no regular trend on tri-
fluoroacetylation. The C n.m.r. spectra of chlorinated methyl
®-D-aldo-hexopyranoside derivatives and the parent sugars have been
measured. 0

An n.m.r. study of ethylidene acetals of model diols and various
carbohydrates has shown a relationship of a number of n.m.r. par-
ameters to the ring size of the acetal. The most useful diagnostic
is the magnitude of the J value of the ethylidene methyl carbon
and the acetal proton. Iﬁvestigation of the conformation of di-
oxolan acetals of methyl of-L-rhamno- and g-L-arabino-pyranosides has
been undertaken using n.m.r. spectroscopy; methylene, isopropyl-
idene, benzylidene, and 1-phenylethylidene acetals of the two
systems were studied. In each series the pyranose ring adopts a
distorted chair conformation, the greatest distortion occurring for
the endo-phenyl benzylidene acetals. The conformations were of
interest in the preferred orientation of reductive ring-opening
reactions.” '

The conformational equilibria of peracetylated glycals have been
calculated by a molecular mechanics programme, and the data com-
pared with those determined by X-ray crystallography and n.m.r.

spectroscopy. Calculation and experimental results were at variance
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for the two pentose derivatives, but matched well for the four un-
saturated hexoses. The publication included a discussion of the
application of molecular mechanics to designing more potent glyco-
sidase inhibitors.

The C n.m.r. spectra of methyl x- and S-L-diginopyranosides
(9) have been assigned and the conformation of the x-anomer and its

4-0-acetyl derivative elucidated from the data. Methyl 3,6--
E—arabino-hexopyranoside (10) has been shown to exist in the
CW(D) conformation in the crystal and in solution.
CH,0H
0 Me HO
Me OMe 0 HO 0 cof
HO HO OH
OMe HO OMe OH
©) (10) (1)

In proton-coupled 1BC n.m.r. spectra of derivatives of pyranocse
forms of KDO (11), J of C-5 is significantly larger than
other J values as expécted for carbon atoms carrying axial
hydroxy groups, and, in agreement with other observations, a down-
field shift occurs if the 5-hydroxy group is glycosylated. Thus
this coupling constant and chemical shift combined can _be used to
tell the position of linkage in KDO oligesaccharides. The
chemical shifts and coupling constants for all the protons of the
galactosaminyl serine derivative (12), a model close to the glyco-

protein linkages of glycocogjugates,have been determined using 2D-

SECSY n.m.r. spectroscopy. The same technique and 2D COSY have
CHZ0H
HO Q Co,Me
OH AcHN
O—— CHyp
NHA
NCE

been used to determine the position of acetate and sulphate groups in

glycosphingolipids.

5 0ligosaccharides

A review on recent advances in the n.m.r. spectroscopy of natural
macromolecules, including oligonucleotides, oligo- and polysacchar-

ides with emphasis on studies related to structure, conformation,
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dynamics, and molecular interactions, has been published.AO An n.m.r.
pulse sequence for obtaining information on macromolecules which is
essentially equivalent to that obtained with heteronuclear detection
has been reported which uses a heteronuclear relay transfer technique
with proton detection. The type and number of isotopic multiplets
for the non-anomeric secondary carbon atoms produced in C n.m.r.
spectra of sugars with partially deuterated hydroxy groups form the
basis of a new method for oligosaccharide analysis which allows
determination of the sequence of glycosidic linkages. A referenced
computer library of high-resolution H n.m.r. data for oligosacc-
harides, determined at 500 MHz in deuterium oxide solution, has been
compiled and used to analyze oligosaccharide structures and seguences
found in mammalian élyco proteins.

The H, C, and Si n.m.r. spectra of methyl g-D-xylopyranoside
and the (192)-, (1+3)-, and (194)-linked methyl A-D-xylopyranosyl-g-
D x¥10p¥ran031des have been measured and assigned with the aid of

H- H, H- "C, and H- "Si chemical shift correlated 2D n.m.r.
experiments. The sites of glycosylation can be identified by the
absence of correlation of the signals for the protons concerned with
coupling to the silicon.

Evidence for solvent-induced conformational changes in methyl 8-D-
maltoside has been obtained from n.m.r. studies of the deuterated
molecule. The observed values of three bond coupling constants for
C(1)-H(4") and C(4')-H(1) in D 0, deuterated DMSO and dioxan were
compared with the calculated values based on conformational equi-
libria, and the results showed that the solvent plays a major role
in determining the conformation at the glycosidic linkage, the
differences in intramolecular hydrogen bonding in each solvent
being the dominant factor. The determination of long-range ! C~

H coupling in carbohydrates by selective 2D heteronuclear J-
resolved n.m.r. spectroscopy has been demonstrated for hetero-
nuclear couplings to H-1 of methyl o(-D-glucopyranoside, which are
observed for every non-anomeric carbon atom in the pyranose ring,
and for the C- H couplings across the ycosidic linkages in
methyl A-cellobioside and maltoheptaose. The use of n.0O.e. has
been described for determining the conformational behaviour of «-
cellobiose 1-phosphate, by pre-irradiation of H-1' and observaticn
of the effects in the signals for H-3', H-5', H-5, H-3, H-6, and
H-4. Theoretical calculations on methyl «-cellobiose were also
reported. The same n.0O.e. method was also applied to the con-
formational analysis of glycosyl-(1+3)-glycosides  and glycosyl-



224 Carbohydrate Chemistry

(1+2)-glycosides,49 and it was shown that each typ? could be
arranged in two groups with characteristic H and C n.m.r.
spectra depending on the anomeric configuration.

Sucrose in DMSO-d  solution is sufficiently conformationally
stable, due to intramolecular hydrogen bonding, to manifest secondary
isotope multiplet (SIMPLE) n.m.r. for its partially deuterated
hydroxy groups. There are two main inter-residue hydrogen bonds in
competition: OH-(1')-~-0(2) and OH-(3')----0(2) in which the former
predominates, as well as weaker networks of hydrogen bonds. 0 The
preferred rotamers about the C5-Cé bond have been investigated by
using (6R) and (68)-6~ H -disaccharides. Measurements of three-bond
couplings between H-5 and H-6 showed the preferred rotamers for the
two anomeric methyl glycosides of p—D—GluE—(1@6)—D—Glu£-[6—2H ], and
for p-D-Galp-{1+6)-A-D-Galp-[6- H1]—0Me and B-D-Galp-(1+6)-8-D-
Galp-[6- H ]-OMe. C n.m.r. spectra have been obtained for all
isomers of D-Glep-(1+6)-D-Glep and D-Glep-(1-6)-D-Galp, and the
differences in shifts obtained with res ;ct to the reievant mono-
saccharides were used to calculate the C n.m.r. spectra of (1+6)-
linked oligo- and polysaccharides. Good agreement was obtained
between the calculated and measured spectra of raffinose, stachyose,
dextran, and pustulan, although temperature effects were apprec-
iable. Some monosaccharide and cligosaccharide substrate analogues
of lysozyme, vis, D-GlcNAc, #-D-GleNAc-(1+4)-D-GlcNAc, and S-D-
GlcNAc-(1+4)-pA-D-GleNAc-(1-%4)~-D-GlcNAc, were investigated by H and
1BC n.m.r. spectroscopy and their conformations deduced. Normal and
2D techniques were applied at 500 to the sugars in deuterium oxide
and compared with theoretical spectra generated by conformation simul-
ation methods. Two preferred orientations of the hydroxymethyl group
were found for each saccharide, and the analysis was compared with tha
from X-ray crystal data and conformational-energy calculations. The
positions of polar substituents and fatty-acid chains in eight lipid
A precursors from a 3-deoxy-D-mannooctulosonic acid-deficient mutant
of Salmonella typhimurium containing p-D—GlcNHZE(1»6)—&-D—G1cNH22
1,4'-diphosphate units substituted at N-2 and 0-3 of each glucosamine

with 3-hydroxytetra-decanoyl side chains, and aminodeoxypentose 13
attac?ed to the 1'-phosphate %roup, have ?een elucidated using H, C
and P n.m.r. spectroscopy. A 400 MHz H n.m.r. study of cellulose
triacetate showed that the spectrum changed between 250 and 5000. The
phenomenon was investigated using 0-p-D-Glep(1+3)-0-A~D-Glep(1-4)-0-4-
D-Glcp undecaacetate, using computer-generated models of methyl 4,6-

di-Q-acetyl-A-D-glucopyranoside to determine the rotamer states of t
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5—acetoxymeth§l groups.55 A 2D-DEPT n.m.r. experiment, adjusted for
detection of ~J long-range couplings, has been demonstrated as an
alternative appggggﬁ to sequencing small to medium size oligosacchar-
ides with methyl o-~L-Rhap(1-+4)-¢-L-Rhap-(1-+2)-%-L-Rhap repeating units,
provided the T _relaxation times and chemical shifts for the carbon
atoms and protons are known.

- . 1 13
6 N.m.r. of Nuclei Other than H or C

2D Heteronuclear 2931—1H shift correlated n.m.r. spectra of tri-
methylsilylated sugar derivatives have permitted unambiguous assign-
ment of the signals for the nuclei in all the TMS groups. 7 Emp%gic—
al assignment rules for S5i have been tested by using Si and C
n.m.r. spectra of all pertrimethylsilylated O-acetyl- and O-benzyl
1,6-anhydro-B-D-glucopyranose derivatives. The rule based on
shielding order must either be restricted to the order 5(81-2)) S
(Si-4), which holds for all compounds studied, or modified for each
sub-class of compounds with the same QO-constituents. The rule
founded on Hammett dependence gives correct predictions for Si-3
chemical shifts. When both rules can be applied they yield
identical assignments; in other cases they complement each other.
An extension of this work has examined the assignment usin Si
satellites in C n.m.r. spectra measured with selective Si
decoupling. 29

References to the use of 2D Si n.m.r. spectroscopy to deter-
mine sites of glycosylation in xylopyranose oligosaccharides and
to P n.m.r. spectroscopy in oligosaccharides have been made
above.
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Other Physical Methods

1 I.r. Spectroscopy

The spectrum of sucrose in aqueous solution has been studied to
examine further the potential of F.t.i.r. spectroscopy for
determining carbohydrate configurations. While bands character-
istic of an a- rather than B-linked D-glucopyranosyl unit were
present, no criteria for discerning the stereochemistry of the
fructose unit were found.l Some bands in the hydroxyl stretching
region of crystalline carbohydrates have been identified through a
study of the relationships between bond length, hydrogen bond
energies and absorption fr‘equency.2 Intramolecular hydrogen-
bonding in the fourteen mono-, di-, and tri-0-methyl ethers of
phenyl B-D-glucopyranoside in dilute carbon tetrachloride solution
has been probed by i.r. spectroscopy, results being interpreted in
terms of hydroxyl group conformations.3 A near-i1.r. reflectance
study (750-2500 nm) of carbohydrates has included six mono- and two
di-saccharides, and has revealed resonances characteristic of
certain structural types. The results have been applied mainly to

the analysis of polysaccharides.u

2 Mass Spectrometry

The fast-atom bombardment (FAB) m.s. of nucleosides, nucleotides,
and oligonucleotides has been r'eviewed,5 and the FAB mass spectra
of the eight major nucleosides of RNA and DNA, pseudouridine, and
2',3'-0-1isopropylideneadenosine have been compared with their e.i.,
2.1., and desorption c.i. spectra.6 FAB spectra of chlorogenic
acid and related quinic acid derivatives l and of the antiblotics

ever‘ninomycin,8 nebramycin, and lividomycin A9

have been reported.
The unimolecular dissociation (MIKE or mass ion kinetic energy)
spectra of solvated and cationized molecular ions generated from
underivatized aldohexoses and their methyl glycosides by the FAB

technique reveal two kinds of fragment ions whose relative

228
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abundances allow anomers and sterecisomers to be distinguished.lﬂ.l2

The use of selected matrices in molecular secondary-ion m.s. for
structural characterization of naturally occurring oligosaccharides
has been described.l3

Mono-, di- and tri-saccharides appear to be volatile compounds
under the conditions of field desorption (f.d.)-m.s., as evidenced
by energy deficit measurements. The electric field has been
shown to play an essential role in the desorption of rM+H1t 1ons.1u
The optimization of conditig;s for desorption c.i.(NHa)-m.s. has

been studied using sucrose. Fourteen flavonoid glycosides,
acylated in the sugar moiety by cinnamoyl, coumaroyl, hydroxy-
benzoyl and galloyl groups, have been examined by f.d.-m.s., the
most intense peaks corresponding to molecular, aglycone, and

16 The results obtained on six flavonoid

anhydrosugar ions.
glycosides and one xanthone glycoside by desorption c.i.-, FAB-,
and f.d.-m.s. have been compared. Information on molecular weight,
sugar sequence, and aglycone structure could be obtained, with a

greater intensity of high-mass ions being generated in the negative-

ion mode.17
Positive-and negative~ion e.i.-m.s. of a variety of per-
acetylated aryl B-D-glycosides has been examined.18 The mass
19

The useful-

ness of selected-ion monitoring in the g.c.-m.s. analysis of

spectrum of levoglucosenone has been re-examined.

alditol acetates derived from sugars in complex samples has been
demonstrated with the determination of muramic acid and rhamnose in
bacterial peptldoglycan-polysaccharide complexes in mammalian
tissue.20 The g.c.-m.s. identification of per-0-trimethyl-
silylated N-(l-deoxyhexitol-l-yl)amino acids, such as those
released from non-enzymically glycosylated mammalian proteins, has
been studied, the fragmentation patterns permitting the amino acid
moieties to be identified.21

acetylated methyl 2-amino-2,4-dideoxy- and 3-amino-3,4-dideoxy-DL-

The c¢c.i.- and e.i.~-m.s. of per-

pentopyranosides and the corresponding peracetylated alditols have

22

been examined in detaill, while e.i.-m.s. of their underivatized

N,N-dimethyl analogues has permitted a ready differentiation
between the regioisomers.23
Peracetylated xylo-oligosaccharides have been studled by e.i.
and c.i.(NH3) tegﬁniques, the latter giving information on the size
of the oligomer. Epimeric monosaccharides and thelr deoxy

analogues could be distinguished from thelr relative ion

intensities on trimethylsilylation g.c.—c.i.(NH3)—m.s.25 The c.i.(CHy or i-Cqu)—
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m.s. of methyl (methyl a-D-galactopyranuronate) and its 0-methyl
ethers has been examined with the aid of deuterated analogues.26
Partially acetylated methyl B-D-xylopyranosides have been examined
by e.i.-, c.i.-, and collisional activation-m.s., and an unambig-
uous determination of the number and position of acetyl groups
achieved. The structure of the ions occurring after elimination
of ketene has been studied using MNDO-semiempirical quantum

27

chemical methods. The molecular mass and mass of sugar units
present in several triterpenoid glycosides with xylose, glucose,
and rhamnose moleties, and their peracetylated derivatives, have
been determined by negative-ion c.i.(CHu-CH2C12)—m.s.28

A number of reports have appeared on the coupling of h.p.l.c.
and m.s. systems for the analysis of sugars. The technilque of
thermospray lonization permits the use of standard h.p.l.c. columns
with flows of 1 ml min"1 and has been demonstrated for the

analysis of adenosine and riboflavin 29
20,31

and ribonucleoside anti-
cancer drugs and their impurities. Thermospray ionilzation
is soft, so that molecular ions, i.e. [v+HIY for positive-and

[M-H"] for negative-ionization modes, are the only species

produced. Thus, in the analysis of 3-deazauridine, additional
data for identification was obtained by high-resolution direct-
31

probe e.i.-m.s.
H.p.l.c.-direct inlet positive-ion c.i.-m.s. analysis of
underivatized N,O-acylated sialic acids, 2-deoxy-2,3-didehydro-N-
acetylneuraminic acid, and sialyl-a(2 -+ 3)-lactose can differentiate
sialic acid moieties (from the m.s. fragmentation) and the local-
ization of the O-substituents (from h.p.l.c. retention time).32
Micro-bore fused-silica column h.p.l.c.-m.s. has also been
investigated. With conventional amine-bonded silica or reversed-
phase columns of 0.22 mm 1.d., and a direct capillary inlet, mono-
saccharides and cardiac glycosides gave interpretable e.i.- or

c.i.-mass spectra.33

With a 0.025 mm i.d. column and a
desolvation chamber in which the mobile phase provided for chemical
ionization, positive-and negative-ion c.i. spectra of sucrose,

adenosine, and a flavonoid disaccharide have been recorded.3u

3 X-ray Crystallography

The crystal structure of dehydro-L-ascorbic acid and the structure
of its dimer in solution have been reviewed (in Japanese).35

Specific crystal structures have been reported as follows:
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Free Sugars and Simple Derivatives Thereof.- D-Glucose 6-(sodium

hydrogen phosphate),36 dipotassium glucose l—phosphate,37 trisodium
fructose 1,6—diphosphate,38 2,3:5,6-di-0-isopropylidene-a-D-manno-

furanose,39 and 1,2-0-(S)-(l-aminomethylethylidene)- and 1,2-0-(R)-
(1—tert—butoxyethylidene)—a—D—glucopyranose.uo
Glycosides and Derivatives Thereof.- Methyl 2,3-di-0-acetyl-4-0-

tr‘it:yl—B—D—xylopyranoside,Hl isobutyl 2,3,4-tri-0-acetyl-l-thio-B-

D-xylopyranoside (an g—glycoside),ug methyl tyveloside (1.e.

methyl 3,6-dideoxy-a-D-arabino-hexopyranoside), 3 five cardiac
glycosides with unsubstituted or 3,4-0-isopropylidenated B-D-
digitoxopyranoside moieties,uu 6- and 7-0-(B-D-glucopyranosides) of
esculetin (i.e. 6,7-dihydroxycoumarin), > the secoiridoid 8-D-
glucopyranosides gentiopicrin hemihydrateu6 and decentapicrin Au7
(the latter having a m-hydroxybenzoyl substituent on 0-3 of the
sugar), 3,3,5-trimethyl-4-(3-oxo-1l-butenyl)-4,5-epoxycyclohexyl
2,3,4,6-tetra-0-acetyl-g-D-glucopyranoside, and the C-glycoside,

3,5—di—g-benzoyl-Z-deoxy—B—D—er‘ythr‘o-pentof‘u.r‘anosylbenzene.U'9

Disaccharides and Derivatives Thereof.- a,a-Trehalose anhydrous,BO

a-lactose monohydrate (a redetermination),51 2-acetamido-1,3,6-tri-
O-acetyl-2-deoxy-4-0-(2,3,4,6-tetra-0-acetyl-a-L-idopyranosyl)-oa-D-
glucopyranose,52 and the (S)-orthoester-linked glucosylidene-
mannoside (1).53
Anhydro-sugars.- Methyl 2,3-anhydro-4-deoxy-a-DL-ribo- and -a-DL-
;lzg—hexopyranosides.Bu
Halogen-, Nitrogen-, and Sulphur-containing Compounds.- The
unsaturated 5-C-fluoro-uronoside (2),55 methyl and ethyl 2-azido-2-
56 2-[(2,2-diacetylvinyl)aminol}-2-

deoxy-a-D-glucopyranose,57 methyl U4-acetamido-3-0-tosyl-2,4,6-tri-

deoxy-B-D-galactopyrancsides,

CH,0Ac CO?_ME S\
0 O, 0 0\>\NC6H4Br
\F EtN
- " CH,OA
O“ 2 ¢ 0Bn HO —
CbH,,Me (2) CH20H (3)
>>= Me BnOCH»
s / 0 OMe __O/CHEOMZ
0
BzO
OH HO i
13
OH OH d ome OPr

@ (s) 3 (6)
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deoxy—a-DL—arabino—hexopyranoside,58 2-acetamido-3-amine-2,3-

59 B—D—galactopyranosylamine,60
2,3-0-isopropylidene-4-0-dimethylphosphoryl-5-0-trityl-D-ribono-~
nitrile,61 di-N,N'-(2,3,4,6-tetra-0-acetyl-g-D-glucopyranosyl)-N-
phenylhydrazine, 2 and the imidazole-2-thione derivatives (3) 3 and
(u) 5"

Unsaturated Compounds.- Phenyl 3,4,6-tri-O-acetyl-2-deoxy-a-D-
threo—hex—2—enopyranosylbenzene,65 6-C-(2-furyl)-1,2:3,4-d1-0-1s0-

dideoxy-D-glucofuranurono-6,3-lactam,

propylidene—a—D—%lycero—D—galacQQ—hexopyran0se, and the dihydro-
pyran-4-one (5).

Branch-Chain Sugars.- 1,6-Anhydro-2-deoxy-2,4-di-C-methyl-3-0-
benzyl-5-0-mesyl-a-L-idofuranose and 1,6-anhydro-2-deoxy=-2,4-di-C-
methy1—3,M-di—gfbenzyl-B-D-glucopyranose,68 and the 3-C~trifluoro-
methyl derivative (6).69

AcOCH HO
29 et N/ CHNHCO
P 0 7
N N NH CopH
H M=
\ OAc e} |
OAc OAc Pph, O~ A-D-Ribf OH OH
(7) ©® (19
0 (8)
R R
" | NHe N 1 HN ¥ HN g
MeOCH
N ool | [ )
o~
CH,OH T N7 > NHa N
\ o (13) (14)
Cq;’ CHy
o R = o-D-Avra-f
(12)
(1) CH,OH
o—/ "0
OH OH
(15) (16)

Sugar Acid Derivatives.- 2-0-Acetyl-3,4-0-(R)-benzylidene-D-ribono-

1,5—lactone,70 N-isopropyl-D-gluconamide and N,N-diethyl-D-glucon-
71

calcium D-glucarate (a redetermination),72 and sodium a-L-

73

amide,

guluronate dihydrate.

Inorganic Derivatives.- The ring phosphorus sugar analogue (7)’7H
the 5-diphenylphosphino-2-oxabicyclol[3.2.0lheptane-3,4-diol deriva-

tive (8),75 and two copper~nucleotide complexes {CalCu(guanosine
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5'—monophosphate)Z(ethylenediamine)(H2O)2].8H2076 and [Cu(benz-
imidazole)(H2O)5][inosine 5’—monophosphate]77}.

78
80

Nucleosides, Nucleotides, and Derivatives.- Anhydrous xanthosine,
9 uridine-6-thiocarboxamide and 6-cyanouridine,
31-0-benzoylthymidine,oL 21,3',5'-tri-0-acetylguanosine, 2 51-0-(L-
tryptophanyl)uridine,s3 3-amino-1-B-D-ribofuranosyl-s-triazolo-
[5,1—9]-§—triazole,8u 2-azacoformycin (9),85 the 1:1 complex of
3',5'-di-0-acetyl-5-bromo-2'-deoxyuridine with its 5-iodo-
analogue, 6 the L-phenylalanyl D-ribofuranuronosylamide nucleoside
(10),87 the 2',3'-anhydronucleoside (ll),88 cytidine 5'-0-dimethyl
phosphate,89 the seco-nucleoside (without bonding between C-2' and
c-3") 1—(B-D—2',3‘-secoribofuranosyl)—5,6-dichlorobenzimidazole,90
the acyclic nucleoside analogue acyclovir (12),91 the two C-a-D-
arabinofuranosyl nucleoside analogues (13) and (111),92 and 5-C-(B-
D-galactopyranosyl)-1,3-di-N-methylbarbituric acid.93

8-methylguanosine,

Antibioties.- Tiazofurin N-oxide (i.e. 2-B-D-ribofuranosylthiazole-

),95 and an acetyl

4-carboxamide 1_\1_3—oxide),9E neplanocin C (15
derivative of de-desosaminyl mycinamicin (which contains a 4-0-
acetyl-6-deoxy-2,3-d1-0-methyl-pg-D-allopyranosyl moiety).96

Others.- The anhydride (16) formed from acidic treatment of 1,6-

dihydroxy-2-hexanone (a 3,U,S-trideoxyketohexose).97

4 E.s.r. Spectroscopy

Free radicals produced by reactlon of xylitol, galactitol, glucitol,
and mannitol with hydroxy radicals or by direct y-radiolysis have
been studied by spin-trapping and e.s.r. spectroscopy, the spectra
being analyzed on the basls of similar results from glycerol and
its dg analogue. The radical species -CHCHO, -COCH,, and ~COCH-
were detected, the latter in the alditols only.98 Radicals
induced by y-irradiation of a-D-glucose, methyl a-D-glucopyranoside,
and maltose 1in the solid state have been investigated by use of
nitroxide spin-trapping. E.s.r. analysis of sugar-nitroxide
solutions after h.p.l.c. separation revealed 8-12 radical species,
the majority not discernable by the spin-trapping method.99 The
CIDEP (chemically induced dynamic electron polarization) technique
has been used to detect the neutral ascorbate radical in photo-
chemical reactions between ascorblc acid 6-palmitate and benzo-

phenone.loO
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5 Polarimetry, Circular Dichrolsm, and Related Studies

The c¢.d. spectra of methyl B-D-xylopyranoside, methyl a-L-rhamno-
pyranoside, and 1,6-anhydro-8-D-glucopyranose mono- to tri-acetates
have been studied, the results being discussed considering the
mechanism of optical rotatory strength. The sign of rotation was
influenced by solvent. With the diacetates, the main source of
optical rotatory strength was due to the interaction of transitional

dipole moments.101 Temperature-dependent c.d. spectra of a- and

B~isomers of 5-substituted-2'-deoxyuridines have been reported.102
Nakanishl and co-workers have continued to develop the exiton
chirality method. The remarkable additivity relationship in the
coupled c.d. of pyranose g—methoxycarbonylbenzyl ethers has per-
mitted the identification of constituent sugars and their glycoside

linkages in oligosaccharides.lo3

The g—dimethylaminocinnamate
group has been shown to be a useful new chromophore for this method
(in which diols or g-aminoalcohols are disubstituted, and their
absolute configurations determined from their c¢.d. spectra), as it
has a strong, long-wavelength absorption (362 nm), which does not
overlap with absorptions in the basic substrate. Its use was
exemplified for methyl 6-0-trityl-a-D-galactopyranoside amongst

other compounds.lou

6 U.v. Spectroscopy

The absorption and photoluminescence spectra of cytidine, cytosine,
and related nucleotides in aqueous ethyleneglycol at 77 K have been

measured.l05
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Separatory and Analytical Methods

1 Chromatographic Methods

General.- It has been noted that the presence of TRIS [2-amino-2-
(hydroxymethyl)propane-1,3-diocl] may interfere with the analysis of
amino-sugars, as in the examination of enzyme-hydrolyzed glyco-
proteins in TRIS-buffer. It behaves like an amino-sugar or an
amino acid in many systems, e.g. paper chromatography, paper
electrophoresis, and with ninhydrin reagent. In the analysis of
alditol acetate derivatives by g.c., it forms a tetraacetate which
elutes with the sugar peaks.1 Methods for assaying streptomycin
and kanamycin antibiotics in biological samples have been covered in
a review on antituberculosis drug analyses.2

A new procedure developed for characterizing small amounts (0.5-
1.0 nmoles) of oligosaccharides involves: 1) conversion to u.v.-
absorbing N-aryl-l-amino-l-deoxy-alditol derivatives by reductive
amination with aniline derivatives, and separation by h.p.l.c. on
the basis of size and sugar composition; 1i) treatment with exo-
glycosidases to determine sequence and anomeric configuration (the
derivatives still being substrates); 111) analysis of the deriva-
tives by FAB-m.s., which 1s facilitated by the potential positive
charge; and 1v) analysis by permethylation and capillary g.c.-

m.s.

Gas-Liguid Chromatography.- The g.c. analysis of monosaccharide

mixtures has been the subject of a review with 222 references.

In connection with the analysis of oligo- and polysaccharides by
the permethylation - "ionic hydrogenation" procedure, a series of
partially methylated anhydro-D-alditol acetates has been prepared
by reductive cleavage of permethyl and partially methylated methyl
glycosides and a library of capillary g.c. retention times and
e.1.~ and c.i.-m.s. data compiled. The usefulness of this data
was demonstrated in the analysls of a microgram quantity of a
bacterial membrane oligosaccharide.

238
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The substitution of sodium acetate or N-methyl-imidazole for
pyridine in the preparation of alditol acetate derivatives for the
caplllary g.c. analysis of neutral and amino-sugars using selected
ion monitoring m.s. detection has been examined. While N-methyl-
imidazole effected full acetylation of alditols in the presence of
borates and water, i1t led to a higher detector background than the
more tedious use of sodium acetate. Muramic acid produced two
alditol acetate derivatives, the lactams (1) and (2), in a
reproduceable fashion only in the sodium acetate-catalyzed procedure

0
RN)H
AcOCH 5 o (1) rR=H
OAc
2) R=A
OAc ( ) R=Ahe
CH,yO0Ac

as exemplified by the g.c.-m.s. analysis of muramic acid and
rhamnose 1n bacterial peptidoglycan-polysaccharide complexes in
mammalian tissue.6 In the analysis of glycoprotelns using alditol
acetate derivatives, the 1initial hydrolysis with acid-form resin in
the presence of free agueous acld has been found to cause partial
degradation of sugars, despite earlier claims to the contrary.7

Mixtures containing nearly all possible partially methylated
alditol acetates have been prepared as standards for the methylation
analysis of cell-wall polysaccharides. Incomplete Hakamoril
methylation (i.e. 1limiting amounts of potassium dimsyl) of neutral
monosaccharides with purification of the derivatives on a 018
reversed-phase column was followed by standard hydrolysis, reduction,
and acetylation. Relative capillary g.c. retention data was
reported.8 By utilizing three capillary columns with different
phase polarity, all cases of co-chromatography in the g.c. analysis
of partially methylated alditol acetates derived from the neutral
sugar units in plant cell walls have been resolved.9 Retention
data for the same sugar derivatlves on a low-polarity capillary
column have also been detailed.lo The advantageous use of lithium
dimsyl (from n-Buli) in the Hakamori permethylation procedure is
covered in Chapter 5.

A new procedure for the quantitative analysis of the carbohydrate
constituents of glycoproteins involves: 1) simultaneous action of
neuraminidase and neuraminic acid aldolase; 1i) hydrolysis (4 M
CF3COZH, 1250, 1 h); and iii) capillary g.c. analysis of the
derived O-methyloxime peracetates.Since a complete separation of all
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the QO-methyloximes and related alditol acetate derivatives was
achleved, the carbohydrate chains released from glycoprotelns by
alkaline borohydride treatment could be conveniently examined.ll

N-Methyl-bis(trifluoroacetamide) has been recommended as a
suitable reagent for trifluorocacetylation of carbohydrates for g.c.
analysis, permitting direct injection of the reaction mixture.
Its use was demonstrated in the analysis of cyclitols, hexoses,
alditols, and oligosaccharides up to DP 6.12 The capillary g.c.
separation of thirteen trifluoroacetylated trisaccharides has been
reported, those with reducing sugar moleties giving two peaks.
Those with (1 + 6)-1inks eluted quickly while those comprised of
pentose units (e.g. xylotriose) were strongly retarded, the
opposite of their behaviour as trimethylsilyl ether derivatives.13
The 5-mononitrate of 1,4:3,6-dianhydro-D-sorbitol (i.e. isosor-
bide), an active metabolite of the vasodilator isosorbide 2,5-
dinitrate, has been determined in plasma by g.c. analysis of its
per—trifluoroacetate.lu

O-Cinnamoylation has been suggested as a sugar derivatization
procedure since the derivatives can be formed quantitatively and
are hydrolytically stable at pH 4-8. It was applied to the trace
analysis of 3-methylthymidine (at 50 ng) as its 3',5'-diester by
g.c. with electron-capture detection.15

A new silylating reagent, "trimethylsilyl-N,N-dimethylcarbam-
inate™ has been shown to be superior to the previous best reagent
(BSTFA) for derivatizing ribonucleosides for g.c. It can be used
as the solvent for derivatization (at 60°C, 0.5 h).16 The g.c.
separation of naturally occurring inositols and their mono-0-
methyl ethers following per-trimethylsilylation or per-acetylation
has been reported.17 The products from oxidative and non-
oxidative degradation of D-galacturonic acid in alkali have been
identified by trimethylsilylation-g.c.-m.s. examination. Thirteen
hydroxy-monocarboxylic acids and -2,6-dicarboxylic acids were
identiried.18

The products from periodate oxidation of some mono-0-iso-
propylidene derivatives of aldoses and alditols, particularly
triose and tetrose fragments, have been identified by g.c.-m.s.19
The optical purity of 2,3-0-isopropylidene-D-glyceraldehyde
obtained from D-mannitol has been determined with great accuracy to
be >99.4%, by g.c. analysis after conversion to the (R)-a-trifluoro
-a-methoxyphenylacetate. The L-enantiomer derived from L-serine

was 95% optically pure.20
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Thin-Layer Chromatography.- A separation of 2-deoxy-2~fluoro-D-

mannose and -D-glucose on sodium dihydrogen phosphate-impregnated

21

silica has been developed. Adenosine, its cyclic and non-cyclic

nucleotides, and related nucleosides and bases have been separated

on silica gel.22 The t.l.c. and h.p.t.l.c. behaviour of 18

carbohydrates on silica gel has been reported.23

Impressive
separations of homologous series of D-gluco-oligosaccharides (DP

1 to 20-30) obtained from partial hydrolysis of cyclosophoraose (a
cyclic 1,2-B-1linked glucan), amylose, dextran, and luteose (a 1,6-
B-linked glucan) have been achieved on various silica gel
layers.2“ The contributions of 2-acetamido-2-deoxy-D-glucose and
glucuronic acid moieties to the mobility of hyaluronate oligo-
saccharides on silica gel have been determined and compared with
the results of an earlier h.p.l.c. study (Vol.1l7, p.234, ref.l6).
The mobility of a glven oligomer could be expressed in terms of the
additive contributions of these constituent units, with the

25

exception of glucuronic acid units in the t.l.c. assay.

High-Pressure Liquid Chromatography.- A new europlum~-impregnated

calcium fluoride scintillation detector has been developed to
quantitatively detect luC—radiolabel in aqueous h.p.l.c. eluant

and applied to the determination of labelled free sugars (separated

on amine-bonded silica) in a study of luCO2-photosynthetic fixation

and metabolism in green plants.26 A high-stability u.v. light
source, based on the u.v. luminescence of crystals stimulated by
energetic electrons, has been incorporated into a novel detector,
and demonstrated for the detection of nucleosides eluting from a
reversed-phase column. A detection limit of 3-30 ng was achileved

in this preliminary study.27

28 The

specific application of h.p.l.c. to the analysis of sucrose,

The h.p.l.c. of carbohydrates has been reviewed.

fructose, glucose, and polysaccharides in sugar cane and related
commercial extracts has been detailed.29

A study of the mechanism by which carbohydrates are retained on
silica and amine-bonded silica stationary phases with aqueous
eluants has confirmed previous findings that the carbohydrates are
partitioned into a stagnant, water-rich phase associated with the
stationary phase (c.f. Vol.16, p.253). Differing retentions of
sugars could be explained in terms of specific sugar-hydroxyl
hydration, e.g. secondary-equatorial hydroxy groups are more

strongly hydrated than primary or secondary-axial hydroxy groups.BO
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Reducing-sugars, separated on amine-bonded silica, have been
determined by post-column reaction with copper bis(phenanthroline)
and amperometric detection (in which the reduced copper complex is
re-oxidized). The method was ccmpatibl-s with organic eluants,
could detect down to 1 ng of glucose, and was applied without
problem to the analysls of sugars in fruit Julces and wines. It
was claimed to be more sensitive than fluorimetric detection.31
Reasonably rapid separations of complex mixtures of mono- and di-
saccharides have been achleved on a novel, more stable, amino-
bonded silica phase, with a selective post-column colorimetric
detection.32 2-Deoxy-D-glucose (an experimental antiviral agent!)
has been determined in topical formulations by reversed-phase
h.p.l.c. with u.v. detection at 195 nm.33

Separations of mono- and di-saccharides on a novel copper
silicate gel 34 and silica gel modified with copper(II)-ammonia
complex in the eluant 35 have been reported.

The retention of sugars, sugar alcohols, amino acids, and hy-
droxyacids on polystyrene-based cation-exchange resins has been
examined as a function of the counter-ion. Retention of poly-
hydroxylic compounds decreased in the order K>Na>Li, due to decreas-
ing retention of "free" water in the resin. While the Ca2+—form
resin retained even less "free" water, polyols and ribose were
strongly retained due to complex formation. It was confirmed that
the best separation of hexoses and pentoses 1s obtained with the
Ca2+—form resin, while for sugar alcohols and polyols, the La3+—
form was best.36 Specific applications of cation-exchange resin
columns include the determination of low levels of monosaccharides,
alditols, and cyclitols in sheep plasma on a Ca2+—form column with
u.v., detection at 190 nm, an extension of this involving collection
of eluate fractions to monitor the fate of infused radiocactive

37

glucose and fructose, and the analysis of sugars, fermentation

alcohols, and the illegal additive dlethylene glycol in wine and

2+

grape-julce on an H+—form column, or on Ca2+- and Pb“® -form resins

connected in series using water as eluant.38
Two enzyme-based methods and one h.p.l.c. procedure have been
assessed for the analysis of fructose and glucose incane juice and
synthetic sucrose solutions.39
Micro-bore h.p.l.c. columns (25 or 220 um i.d. fused silica)
with reversed-phase or primary amine-bonded silica packings have
been coupled to mass spectrometers and used for the analysis of
monosaccharides, cardiac glycosides, and related molecules.uo’ul

(3ee also refs. 84 and 85).
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Dansyl hydrazone (i.e. 5-dimethylamino-l-naphthalenesulphonic
hydrazone) derivatives have been used for the reversed-phase
analysis of neutral sugars in glycoprotein hydrolyzates, with the
single peaks per sugar being detected at 254 nm,u2 and of glucose
in small volumes of body fluids with fluorimetric det:ect:ion.u3
Fructose, glucose, and sorbitol in lens tissue have been determined
as their per-nitrobenzoate derivatives on silica gel (c.f. Vol.18,
p.240, ref.28).uu

Water-soluble (sugars and aliphatic acids) and lipophilic
[furfural and 5-{(hydroxymethyl)furfural] organics in wood hydroly-
zates have been analyzed in a single run using a column-switching
procedure. The latter, long retention components were separated
on a short H+—form strong cation-exchange resin column, while the
former passed through both this and a longer similar resin column.
Typical cellulose and biomass hydrothermolysis products, which
contain cello~oligosaccharides, xylose, fructose, arabinose, 1,6-
anhydro-B-D-glucose, dihydroxyacetone, 5-(hydroxymethyl)furfural,
furfural, and ethanol, could be separated satisfactorily on series-

coupled columns of Ca2+— or H+—form and Ag+—form polystyrene-based

lon-exchange resin columns, using water at 85—9500 as eluam',.’"6

Extensive investigations into the separations of oligosaccharides
on amine-bonded silica have been reported, the influence of speci-
fic structural features on chromatographic properties being probed.
From a study of 65 neutral oligosaccharides, it was concluded that
the most important features were: 1) retention increased with the
number of sugar residues, ii) the presence of fucose or 2~-acetamido-
2-deoxy-D-glucose residues reduced retention, and iii) (1+6)-
linkages, i;en as branching, caused a dramatic decrease in

retention. Impressive separations of homologous series of D-
gluco-oligosaccharides with 1,2-8-, 1,4-a-, 1,6-0-, or 1,6-8-
linkages, and DP 1-35, have been reported.zu The h.p.l.c. of 20
48,49 The

separation of oligosaccharides, particularly starch-derived oligo-

di- and 13 tri-saccharides has also been examined.

glucosides of DP up to 8, on a reversed-phase silica packing doped
with some aminopropyl-bonded groups, and using water as eluant, has
been examined. The amine groups catalyzed anomerization so that
each oligosaccharide gave a single peak, yet sugars did not appear
to be lost due to glycosylamine formation since the column material
had a near-neutral pH.50

Oligosaccharide moieties of glycoproteins have been converted
into l-deoxy-l-(2-pyridylamino)alditol derivatives by reductive
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amination and analyzed by h.p.l.c. on reversed-phase51 and amine-
modified silica52 packings. The efficiency of this reductive
amination was investigated with lactose, 2-acetamido-2-deoxy-D-
glucose, 2,5—anhydfomannose, and with 2-amino-2-deoxy-D-glucose
hydrazone (a model for oligosaccharide hydrazones released by
hydrazinolysis). In the latter case prior N-acetylation and
hydrazone hydrolysis (H+—form resin) permitted efficient reductive
amination.52

53,54 and of

Reversed-phase analyses of bile acid 3-glucuronides
1-(B-D-glucopyrancsyl)phenobarbital, a major urinary metabolite of
phenobarbital,55 have been reported. A procedure developed for
assaying glucosinolates in plant material involved absorption onto
an anion-exchanger, enzymic desulphation, and elution with water
followed by derivatization-g.c. or preferably h.p.l.c. (reversed-
phase) analysis of the resulting desulphoglucosinolates.56

In connection with the catalytic oxidation (Pt—02) of glucose-1-
phosphate, an ion-pair reversed-phase analysis of glucose- and
glucuronic acid-l-phosphates and related hydrolysis and oxidation
products has been developed.57 The same group have used "ion-
moderated partitioning" (or IMP) chromatography performed on an
H+—form polystyrene-based cation-exchange resin with aqueous tri-
fluorcacetic acid as eluant, for the separation of glucose-1-
phosphate, fructose, sucrose, and inorganic phosphate.58

Twenty-one sugar acids, lactones, and N-acetylated amino-sugars
have also been examined on an H+-form cation-exchanger, with dilute
sulphuric acid as eluant. The separations effected by this IMP
chromatography (see above) appear to be due to a combination of
ion~ and size-exclusion mechanisms. A number of useful, rapid
(<15 min ) separations were reported, particularly of closely
related uronic acids and their lactones, and u.v. detection‘could
be employed. Applications in the analysis of polygalacturonic
acid hydrolyzates and for monitoring bacteria for 2-ketogluconic
acid production were detailed.59

2-Amino-2-deoxy-glucose and -galactose and thelr corresponding
alditols have been assayed down to a limit of 5 pmol, by reversed-

phase h.p.l.c. of their N-(4-nitrobenzo-2-oxa-1,3-diazol-7-yl1)
NO»
/N\b
\N/

Su.ga.r‘ -NH (3)
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derivatives (e.g. 3) with fluorescence detection.60 3-Deoxy-D-

manno-octulosonic acid, N-acetylneuraminic acid, and related
derivatives have been determined by h.p.l.c. on a strong anion-
exchange resin column 61 and their identification by h.p.l.c.-
direct inlet c.i.-m.s. examined.62
Ascorbic acid, dehydroascorbic acid, diketogluconic acid, and
glucose have been determined down to nanogram levels by h.p.l.c. on
a hydrophilic, polyvinylalcohol gel, post-column derivatization
with benzamidine, and fluorimetric detection. The method was
applied to ascorbic acid in fruit juice.63 Ascorbic acid, its 2-
sulphate, 2-phosphate, 2-0-methyl, and 6-bromo-6-deoxy derivatives,
and a related non-enzymic browning product, 5-methyl-3,4-dihydroxy-
tetrone, have been determined by reversed-phase h.p.l.c. with
electrochemical detection.6u The sum of ascorbic and dehydro-
ascorbic acids in 2 pl samples of human blood has been measured by
derivatization with DPQ [6,7-dimethoxy-3-propyl-2{1H)-quinoxalinonel,
separation on a reversed-phase phenyl column, and fluorimetric
detection.65
Analysis of aminoglycoside antibiotics by immunoassay and
h.p.l.c. methods has been covered in a review on antibiotic moni-
toring in body fluids.66 Since N-(2,l4-dinitrophenyl) derivatives
of amino-sugars are useful in reversed-phase h.p.l.c. analysis, the
preparation of the per-N-(2,4-dinitrophenyl) derivative of tobra-
mycin using 1-fluoro-2,4-dinitrobenzene in aqueous acetonitrile has
been studied in detail, conditions for its preparation in good
yield being elucidated. A sharp pH optimum was observed, since
even under moderate alkaline conditions O-substitution became an
important side-reaction. Buffers composed of tertiary amines and
hydrochloric acid were preferred, because phosphate and phthalate
buffers reacted with the derivatization reagent.67 The following
specific assays of antibiotics have been reported: erythromycin
and related materials on a polystyrene-based packing,68 the amino-
glycosides kanamycin, streptomycin, dihydrostreptomycin, and
particularly neomycin as per N,O-benzoylated derivatives on silica

69 spectinomycin and all known degradation and blosynthesis

gel,
byproducts as their N-(2-napthalenesulphonate) derivatives on
silica gel,70 aminoglycoside mixture obtained by fermentation
(kanamycin, gentamicin, sisomicin, and tobramycin) or synthesis
(amikacin) as their N-(2,4,6-trinitrophenyl) derivatives on a

71

reversed-phase column with detection at 350 nm, and spectinomycin

in serum by ion-pair reversed-phase h.p.l.c. with detection at
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195 nm.'2

There have been numerous papers dealing with the h.p.l.c.
analysis of nucleosides, nucleotides and their constituent bases.

Nucleosides and bases found in biological fluids 73

and human urine
and plasma7u have been separated on reversed-phase columns; the
latter separation of a very large number of such compounds was
achieved in a single run and in a much shorter time than with
previously reported methods. The influence of stationary-phase
packings varying in alkyl chain length (2, 8, and 18 carbons), pore
diameter, and specific surface area,on the separation of twenty
nucleosides and bases, has been examined, the ClS—phase specifically
75 Similarly, the effects
of changing pH, temperature, flow rate, and the concentration of

retarding nucleosides relative to bases.

methanol in the eluant, on the reversed-phase h.p.l.c. of selected
76
An

ion-pair reversed-phase method using tetrabutylammonium phosphate

biologically important nucleosides have been investigated.

in the eluant has been used for the separation of nucleosides and

77

related mono-, cyclo-, and oligo-nucleotides. Reversed-phase

analyses of pyrimidine ribo- and deoxyribo-nucleosides and photo-

hydrates derived by irradiation (254 nm) of thelr aqueous
78

solutions, nucleosides and bases released by acidic and enzymic

79

hydrolysis from cerebral DNA of rat foetus, and nucleic acid

metabolites from gastrointestinal mucosa and urineof normal and

cancer patients 80

have been reported. Pyrimidine nucleoside
phosphorylase activity has been assayed by use of an automated
reversed-phase analysis of the released nucleosides and bases,

using u.v. and radioactive flow detection.8l

The mechanism of
retention of nucleotides, nucelosldes, and bases on a polyvinyl
alcohol gel packing has been examined and is conslistent with the
solvophobic theory for the latter two classes; this is not the
case with octadecylsilica phases, where incompreheggible and

In the

separation on silica gel of various deoxynucleoside derivatives

undesirable interactions have often been observed.

used in the synthesis of oligonucleotides, the use of a very polar
solvent (e.g. methanol) as a component of the eluant has been
found to be effective in reducing peak tailing.g3
A low-capacity anion-exchange resin phase in a fused-silica
microbore column (0.19 mm i.d., i.e. ~1/500th of the cross-
sectional area of a conventional column) has given a similar
efficiency in the separation of nucleosides, nucleotides, and

bases to that achieved on conventional-sized columns.BLI An
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h.p.l.c.-m.s. system for analysis and unambiguous identification of
nucleosides, using a microbore reversed-phase column and volatile
buffer systems, has been tested with the detection of pseudouridine

85

in normal urine. A number of other h.p.l.c.-m.s. investigations,
some of nucleosides, are reviewed in Chapter 22.

The optimization of the reversed-phase, silica gel adsorption
and aqueous ammonia-modified adsorption h.p.l.c. of anticancer 3'-
(chloroethylnitrosoureido)-3'~deoxy~nucleosides, their synthetic
precursors, and their decomposition products has been examined for
both analytical and preparative purposes.86

The following analyses of specific nucleosides have been
reported by the methodology indicated: adenosine and S-adenosyl
derivatives of sulphur aminoacids in rat liver,87 5-aza-2'-deoxy~
cytidine,88 2'—deoxy—S—trifluoromethyluridine,89 5'-deoxy-5-fluoro-

90 5—bromo-—2‘—deoxyuridine,91 and 5-(2-bromo-E-ethenyl)-2'-

92

uridine,

deoxyuridine by reversed-phase chromatography, 1,4,5,6,8-penta~

azaacenaphthylene-2-amino-1,5-dihydro-5-methyl-1-f-D-ribofuranoside

and its 5'-monophosphate,93 6—azacytidine,9u

95

and cytosine arabino-

side and its nucleotide and metabolites by ion-pair reversed-

phase chromatography, 5-fluorocytosine on a polystyrene-based

packing with fluorimetric detection,96 and 3-methylcytosine from

DNA treateg7with carcinogenic methylating agents on a strong cation-
The effect of metal ions (Mg2', N12F, zn®*, and cu®®) in the

eluant on the reversed-phase h.p.l.c. retention of nucleosides,

exchanger.

nucleotides, and bases has been reported.98

Column Chromatography.- Further studies on the preparative

separation of glucose and fructose on Ca2+—form cation-exchange
resins have been reported.gg’loo A study of the partition chroma-
tography of eight gluco-disaccharides, and related disaccharides
containing other sugars, on Sephadex G-15 has related retention
behaviour to molecular conformation.lol
Cellodextrins (DP2-8), obtained by either acidic hydrolysis or
acetolysis-deacetylation of cellulose and fractionated into com-
ponents of defined molar mass by size-exclusion chromatography on
Bio-Gel P4, have been further fractionated by chromatography of
their borate complexes on a borate-form anion-exchange resin.
Components of as yet unknown structure were detected, in yilelds up
to 30% for celloheptaose. Such heterogeneity was not revealed by

chromatography on Ag+— or Ca2+—form cation exchangers, or reversec
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phase columns, and a caution was given over the use of such
"impure" cello-oligosaccharides as substrates for studying
cellulytic enzyme kinetics.lo2
The separation of enzymatically produced hyaluronic acid oligo-
saccharides of DP up to 12 has been investigated by gel permeation
and anion-exchange chromatography. The best separation and
recovery was achieved on DEAE-Sephacel 1n the formate f‘orm.lo3
Nebramycins, closely related aminoglycosides produced by

Streptomyces tenebrarius, have been separated on a neutral poly-

styrene~based column, with aqueous sodium hydroxide as eluant and
triple-pulse amperometric detection.lou The separation of ribo-
and deoxyribo-nucleosides and bases on Sephadex G1l0 has been

investigated.105

The naturally occurring form of S-adenosyl-
methionine in soyabean and radish leaves, yeast, and rat liver has
been shown to be the (8)-sulphonium form by chromatography using an

amino acid analyzer that separates the diastereoisomers.106

2 Electrophoresis

A high-resolution isotachophoresis system, using a 0.25 mm i.d.
fused-silica capillary tube and u.v. detectlon with a photodiode

array spectrometer, has been used in the analysis of ascorbic acid

107

in apple juice. The isotachophoretic separation of saccharinic

and other organic acids, formed by alkaline degradation of

saccharides, has been optimized.108

3 Other Analytical Methods

The mechanism of the Molisch reaction, the very sensitive colour
reaction between aldoses and l-naphthol in concentrated sulphuric
acid, has been elucidated following the isolation of the crystalline

OCH—QCHzOH OCHQMc
v o v Y

products (4) and (5) from the related colour reaction of 2-methyl-
l-naphthol with glucose and rhamnose, respectively; the 2-methyl
substituent prevented subsequent C-2 sulphonation. It was con-
cluded that these sugars were converted to 5-(hydroxymethyl)-
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furfural and 5-methylfurfural, respectively, prior to con-

109

densation, The colorimetric determination of D-glucose in

blood samples by reaction with o-tcluidine has been shown to be

relatively insensitive to other sugars, and about twice as

sensitive to glucose as glucose 1—phosphate.110
Glucose 1n solutlon has been determined with an experimental

enzyme electrode coupled to an lodide-selective electrode. Glucose

oxidase was immobilized or entrapped, either alone or with per-
oxidase, to make the enzyme electrode.111 A chemically modified
lactose electrode has been developed for use in flow injection
analysis of lactose in milk. The electrode, made by immobilizing
B-galactosidase and glucose oxldase with bovine serum albumin
using glutaraldehyde onto a glassy carbon electrode silanized with

3-aminopropyltriethoxysilane, gave a peak current linearly related
to lactose concentration in the range 10‘“ to 1.5 x 10-3 M.l12

A titrimetric determination of 2-deoxy-D-ribose has been
described. Treatment with excess acidic aqueous periodate gave
1 equiv. of CHE(CHO)2 and 2 equiv. of iodate. Excess periodate
was then masked (NH3 or NaMoOu) and the iodate was titrated, giving
results with a 0.5-1% standard deviation. 113

Total ascorblec and dehydroascorbic acid in human serum has been
determined by iodine oxidation followed by reaction of dehydro-
ascorbic acid with 1,2-diamino-4,5-dimethoxy-benzene; the

intensely fluorescent product permitted detection down to 5 ng of

ascorbic acid with samples as small as 4 ul of serum.llu
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Synthesis of Enantiomerically Pure
Non-carbohydrate Compounds

Fraser-Reid has reviewed, in characteristic style, some of the re-

cent work in this area by his group.

I Carbocyclic Compounds

An intramolecular Wadsworth-Emmons reaction was used as a key step
in the synthesis of (1), an inhibitor of glyoxylase I isolated from
a Streptomyces species (Scheme 1), the starting material being

derived from D- Mannose.2 Similar chemistry was used in an improved
CHpy0Bz

o
)‘j <j,CH20H Ho. o
o ome \ “SPh T o
o

Re%?gazk ]L\lsEptﬁ ﬂ’ L:n sz:; | Uk, Gg ; v, BubMeySict 5 v,BH,PO)(OMe) L ®
Scheme 1

procedure for the preparation, from D-ribonolactone, of an inter-

mediate previously used (see Vol., 17, p. 248-9) in the synthesis of

neplanocin A.3 D-Lyxose has been converted into methyl shikimate

(2; carbons of lyxose numbered) via an intramolecular aldol

: 4
reaction.

CO,Me CHO OMe
1 5 0
Hy —
HOY2 4¥OH 0
i X .
OH o &
OMe OH O OH CH W

©) ©) ® ()

There has been further activity in the use of sugars as pre-
cursors for the A ring of anthracyclinones. The aldehyde (3), pre-
viously reported (Vol. 18, p. 248), has been prepared by an improved
procedure and converted into (4), a suitable intermediate for an
AB + CD approach to the tetracycle.5 Similar routes to those de-
scribed earlier (Vol. 18, p. 248) have been used in the synthesis
of (5), containing the key tertiary carbinol function, from diiso-

propylidene glucose via a Marschalk reaction,6 and earlier work has

253
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been improved by the use of DBN or DBU in the cyclizations.7
Cycloaddition reactions have been used for the annulation of

carbocyclic rings onto carbohydrate templates. The butenolide (6),

derived from D-ribonolactone, gave the potential prostacyclin syn=-

thon (7) via reaction with butadiene and the chrysanthemic acid

CHpO0SLBL PR,  CH,0SiBLPh, CHp08iBufPhy

e} o] ©
(¢]
0 +—+—-&i;;>720 —— R / \
H H = H H
(6)
®)

(1) © (10)
precursor (8) with 2-diazopropane and subsequent photolysis.8 The
dienes (93 R = H or CHZOTBDMS), derived from diacetone glucose, re-
acted stereospecifically with maleic anhydride to give cyclohexenes

(10), from which a range of related compounds were prepared.9 Re-
action of Danishefsky's diene with a glucose-derived enone gave (11),
which was transformed into actinobolin (12) (Scheme 2)}0 When

nitrocompound (13), derived from diacetone glucose, was treated with

OMe i QMe o] OH

—

H.N 2
0 OMe 2'>CHCONH  OH

(11) Me (12
Reagents: L, NHpOH ; ik, LAH, then Acy0; i, MnOy
Scheme 2

Z
T
z

phenyl isocyanate, intramolecular nitrile oxide cyclization gave
(14), which was transformed to the oxahydrindene component (15) of

the avermectins.ll A further Diels-Alder reaction is referred to at

Me CHyNO, OMe OMe

Me,
MeQ
P — — — |
5o
3( BULC-O-CHy O

cen O 8
14 15
) (1) (15)

the end of section 5.

The trichothecane skeleton (16) has been constructed from a
C-glycoside, the two key formations of carbocyclic rings being out-
lined in Scheme 3,12 and progress in this area has been 1:eviz=_-wed.]3

A conceptually similar cyclization was used to form the 4-membered
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PhTO AcO CO,Me Ph$0,0 Co,Me MeaNOC\Q
0 . AcO -Q HO o o
LA —— [ET Me
0 (¢}
Me BrO \\ Coyte
OMe
Me Me (16)
Reagents : i, SnClg~Ac,0 ; ii, KN(TM5.)2 3 iii, BnBr
Scheme 3

ring of nitrile (17; R = CN), during a synthesis of the pheromone

lineatin (173 R = Me) from D-ribose (sugar carbons numbered).la

In a synthetic approach to quassimarin, the intramolecular Diels-

Alder reaction (18) -+ (19) proceeded stereoselectively as shown with

Lewis acid catalysis; (18) was prepared from glucose, carbons 3 and

4 being incorporated as indicated.15
OBn @)
_— OR
0
OMe

o.
(19

Mg Me 08n 0

(18) R=Piv Sl't

7

2 Y- and §-Lactones

. . . o1
Full accounts have been given of the synthesis of avenaciolide 6

(see Vol. 9, p. 202) and canadensolidel7 (Vol. 12, p. 209), both

The marine antibiotic (-)-malyngol-
together with its C-2 epimer,

from diisopropylidene-glucose.

ide (20) was prepared, from D~mannose,

CH,OH

n—C9W¢Wv 0

OAc 0 OAc

4

(29 @1 (22)

via 2,3-0-isopropylidene-D-apiose (Vol. 13,

p. 126) as intermedi-
ate.18

Simple analogues of mevinolin and compactin such as (21)
. 1
have been prepared from glucose (sugar numbering on formula), 9

and a synthetic approach to the side chain of olguine (22) has been
reported.2



256 Carbohydrate Chemistry

The lactone (23), prepared earlier from levoglucosan (see Vol. 17,
p. 244), has been converted into (24), a subunit of avermectin B]b’

by reaction with a chiral alkyne and subsequent partial hydrogena-

CH,0Bn CHp08n
(e}
oBn Y 0
— Bn0
o) P#
(2%) == Me

(9

tion and cyclization.zl The northern hemisphere of milbemycin has
been prepared by an extension of chemistry reported last year (see
Vol. 18, p. 252) involving Wittig reaction of a sugar C-1 phos-
22

phorane.

'Segment A' (25) of the complex marine natural-product okadaic
acid has been prepared by linking together the glucose-derived lac-
tone (26)23 with the unit (27), which was made either from malic

24

acid or from D-glucal.

(25)

Both the (R)- and (S)-isomers of spirobi-1l,4-dioxan, (28) and

(29) respectively, which are dioxa analogues of the olive fruit fly
pheromone, have been prepared from fructose derivatives as outlined
in Scheme 4.25 Fructose was also the starting material for an in-
genious synthesis, which cannot be adequately summarized here, of

. . . 2
the spiroacetal unit (30) related to monensin. 6

4 Other Oxygen Heterocycles

Both the naturally occurring (7R, 8S) isomer of the gypsy moth pher-
omone disparlure (31) (sugar chain numbering) and its enantiomer
have been prepared from D-glucose via a common intermediate.27

The relative stereochemistry of the fungal toxins AK-I and -II was

established by the synthesis of the pair of epoxides (32) from L-
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*’“’ﬂf\

(@8)

[
0, OCHZCHon . v
0]
cnon o

(29

Reagents: i, NaIO,; i, NaBHg “»“Q’S%Q'py 5 v, MeO™;v, Ac,0;vi, HBr-HOAC,
Scheme 4

viL, LAH

4
3 CO,EL
0SiBu’Phy

CO,H (32)

(31

(30)

ascorbic acid (numbering indicated).28

a-Methylglucoside has been converted to (S)-(+)-2-methoxy-3,4-
dihydro-2H-pyran by elimination of all chirality save that at the

anomeric position.29 The model compound (33) for nogalamycin was

0,.08n . omMon OMOM MepN
=+ Sc
NHMe —— l»o o™
HO McN
OH co, Ma
(32
%
HO  Me

(33) OH
Scheme 5

synthesized from a gentosamine derivative, itself accessible from
D-arabinose, via the key intermediates shown in Scheme 5; the addi-
tion of the aryl ring as its organolithium derivative was stereosel-
ective as indicated, which conforms with chelation contr01.30 The
(=)-isomer of gig—brevicomin (34) has been prepared from the readily
available glucose derivative (35) as shown in Scheme 6.3]

Full details have been reported of the synthesis of pseudomonic
acid C from L-lyxose (see Vol. 18, p. 247).32 The ABC ring struct-
ure (36) of the complex marine toxin brevetoxin B has been synthes-

ized from carbohydrate precursors; in the key step, the acid-
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CH,1 . t,
e, 0
0 BnO BnO

4 um 0 Me

OH ———+ 4
HO oM

3

(35) OTs BnO  OTs (34)
Reagenks : i, DIAD-TPP ; i, BnOH-BF3;iii, BnBr-NaH ; iv, Zn -H,OfEEOH ; v, AC?.HP(O)[OEI:)E,VL Hy- Pd/C

Scheme 6

(38)

Scheme 7

catalysed cyclization of (37) to (38) (Scheme 7) occurred in the
desired 6~endo sense rather than the 5-exo manner due to the
presence of the adjacent mT-bond, a point investigated with simpler

models.33 The C-glycoside precursor (39) was prepared from triacet-

yl glucal (see Vol. 16, p. 40).
N
(o] \A\/WCHO
[¢] Me Me

(40) (41)

Goldinonolactone (40) and the chiral tetrahydrofuran (41) were

key intermediates in a chiral, but non-carbohydrate-based, synthesis
of the antibiotic aurodox;3A both these intermediates are also ac-
cessible from carbohydrates, (40) being made from an L-mannose der-
ivative and (41) from D-mannose via a previously described acetyl-
enic intermediate (see Vol. 8, p. 26).35 In further superb demon-
strations of the capability of the Claisen rearrangement, Ireland
and coworkers have prepared the "dimeric" unit (42) of monensin from
D-xylose and D—mannose,36 and then linked it with (43), made from
fructose, to give, after free-radical decarboxylation, the 'trimeric
anie (44).°7

1,4-Anhydro-D-glucitol (45) was used as a precursor for the
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synthesis of both ll-oxaprostaglandin an (46) and the FZB isomer

(47), as outlined in Scheme 8; mixtures of C-15 isomers were pro-

\
+510  CH,COEE R

1
IN==S N C0,H

E Rg ~
—
o o WMQ
OH
0 O‘7L ! (46) R'=0H R =

(&#7) R'=H, R*= OH
(45) o HO FCH(COZEC)Z
~ ;
Reagents i, Me,CO-H* ;i TBOMSCL o
i DMSO-DCC 3 iv, PhyP=CHCO,EL;
v, HomPa/C; vi, MsCL-Py; vis,20Me ; visi, Cr(comE8),
Scheme 8
duced, which could be separated.38
Cl--C7 side chain B-oriented has been prepared from 1!,4:3,6-dianhy-
. 39

dro-D-sorbitol.

0 (+ regioisomer)

-

The isomer of (46) with the

Nanaomycin D (48) and its enantiomer kalafungin (49) were both
accessible (Scheme 9) from the enone (50), itself derived from L-

0, OMe OMe  SOpPh OMe OH  Me

OMe. Me
Me ‘ s ) A
(s0) ° | P

",

5 Oﬁ[
(49) 0 (48) © 0

Reagents: i, Buli ; i, Mezso?r;w, NaBHy; v, Hao* ; Vi PhP=CHCO,EL ; vi, Ce(Nm)gNoJ)G vii, ALl ;
Vi, H80, , then A (Toluene
e ( 2 Scheme 9
40,41

rhamnose. The ring system of these antibiotics was prepared

in a conceptually similar way by other workers from levoglucosenone
2
(Scheme 10).4
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OMe CN OMe OH OMe OH Me
0 + 0 -iv, i o]
[¢]
0] OH e} OH 0
Reagents: i, MeSO,CH,LL ; U, Zn-Cu ,tid, MsCL ; iv, Nal
Scheme 10

5 Nitrogen Heterocycles

Oxidative degradation of 5,6-0O-isopropylidene-L-ascorbic acid gives

the L-threonic acid derivative (51) (Scheme 11), from which was pre-

pared the parent ring system (52) of the monobactams.4

HQ (8] ZNH O ZNH OMs o) l:H C\ONHz
g B e
2
CO,H °© CONH, 0 CONH o —— N
-+
(51) SO‘—ii\lBu4

o] NS0,
Scheme 11 (5@
A further chiral synthesis of retronecine (53) has been re-

ported. This started from glucose (sugar carbons indicated on

formula) and proceeded via an intermediate of type (54); the enan-

tiomer of retronecine was prepared by manipulating the two differ-

entiated hydroxy groups in an altermnative way.Ah The mannosidase

OH | CH,OH OH OH OH, OH
H = T H ¥
- OH OH
N
(56)
OH  OH 0’\(
AT (O B
v.\‘\o \é
wOH —_— iie]
N HO
: CO,EL HN L
* 6
St (59 HOH,Ci &8 2>aCO,H
N
e WwOH H
>< —,— (&)
o} OH
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inhibitor swainsonine (55) continues to attract synthetic attention;
a full account has been given45 of an early synthesis (Vol. 18, p.
253) from D-glucose, and another rather similar approach has been
rel::ortec:l.['6 Two stereoisomers of swainsonine, (56) and (57), have
been prepared from glucose,(‘7 and a further synthesis of swainsonine
itself involves as a key step the double cyclization (in refluxing
ethanol) of the mannose-derived epoxyester (58).48 A similar cycl-
ization of (59), this time proceeding in the 6-endo mode because of
steric restraints, was used in a synthesis of castanospermine (60);
D-mannose was used to form (59) (mannose numbers indicated) in a
multi-step sequence with no stereocontrol at C-6.49 Bulgecinine
(61), a novel aminoacid found as part of the bulgecin antibiotics,
has been prepared from D-glucose (sugar numbering shown) in a 12-
step sequence,50 and a full account has been given of a chiral syn-
thesis of the antibiotic anisomycin from D-ribose (see Vol. 17, p.
248) %!

The naturally occurring B-D-glucuronidase inhibitor (62) has

been prepared using mercuric-ion-induced cyclization (Scheme 12) of

\ Hsﬁ‘r co,H
BnO BnO NBn HO NH
NHBn L i-v
D-Glucose —3 -—3 —_— -
BnO BnO HO
0Bn 0Bn OH
Reagents: i, Hg®" i, NaBH4-DMF-0y ; i, DMSO- (COCY, ; iv, KMnO, 3 v, Hp-Pa/C (62)

Scheme 12

an acyclic precursor derived from glucose, followed by reductive

52

oxygenation. (+)-Pseudoconhydrine (63), the alkaloid of common

hemlock, has been prepared in chiral form from D-glucosamine; the

multi-step procedure is outlined in Scheme I3.53

CH,OH CH,OTs

o] 0Bn BnO HO,

D-Glucosamine —3 — CH[sEE) —> —
2 "oy oy
OMe N~ “cH(seY) N pr
NHA Ac ’ "

NHAC < (63)

Reagents: 1, NoH-DMF
Scheme 13

The antitumour agent sesbanimide (64) has been a popular target.
Extension of the D-xylose derivative (65) at C-1 (Scheme 14) gave
the AB ring system (66), and use of L-xylose gave the enantiomer.
Alternatively, extension of the related D-xylose derivative (67) at
C-5 led ultimately to the AB ring system in the form of (68)

(Scheme 15),55 whilst other workers, following a similar strategy,
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have used a photochemical route to build up the glutarimide ring
(Scheme 16).56

[¢]
Me o 0" Yo Py
NH 0 o)

¢} H 0
OB8n 0Bn

CO,Me
(64) iy oy COMe 0 o
CH,0Bn o on ~
Oy, Y o °
0Bn OBn OBn OH O NH
0

©5) 0% CORR

Reagents: i, HCL-HOAC | i, PhyP=CHCO Me (C Hg,ref,30sec) ;ut, (Me0),CH,- TMSOTF ; iv,%CH(CoMe),
Vv, NaCL-H,0-DMSO

Scheme 14
CHO o. .o o} N
o L \’\ S
oBn =25 Eto,C - 0 4 BrN >
0 o 4 [
0~
7 (68)
Reagenits: U, Meltrums acid- H_ ) = HOAc ; i, LiCHpCOpEE
Scheme 15

COyMe

H
X5 5 0. _-N<_0
@ SLICENN R = SiBufpPh,
0 5
o~
Y

Reagents i TCHyCONH,—~hv j i, A (1207
Scheme 16

The Diels-Alder adduct (69) of levoglucosenone and butadiene
has been employed for the synthesis of the indole alkaloid (-)-

alloyohimbine (70) in an overall 12-step process.57

—_—
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6 Acyclic Compounds

The lipoxins are the latest class of arachidonic acid metabolites
to attract attention, and in order to determine the stereostructure

of lipoxin A the (55, 6R, 155) isomer (71) and the corresponding

o} 0 OH
OEt )\ A e NS CO,H
o ——> o] 0 —— | SH
Ao HOCH, (CH2).COLE
0 2 2) L0k

770
z HOCH,

(CH,),CO,EL
W
O\/\i/\ CH (SEt)znﬁ"—’\ 5— i)

OH 0 0 -

() hd

¢}

Scheme 17

all-trans system were prepared from 2-deoxy-D-ribose as outlined in
Scheme 17; the (5S, 6S, 15S8) isomer (72) and its all-trans analogue
were also synthesised from L-xylose via the known intermediate (73),
and (72) was found to correspond to natural material.58 The same
precursors were used in similar Wittig-type chemistry to prepare the
6S, 14R, 158 and (S, 14S, 155 isomers (74) of lipoxin B and the

8-cis isomers; the natural material was found to be a mixture of the

two all-trans isomers (74).59 The diastereomeric diepoxides (75)

and (76) have been prepared from D-mannitol, and opening of the
epoxides by organometallic reagents followed by cleavage of the
central C-C bond gave enantiomerically pure a-hydroxyaldehydes,
suitable for the synthesis of arachidonic acid metabolites; the pro-
cedure is exemplified by the formatiom of (77) from (76) (Scheme
18).60

A new acyl peptide fibrinolytic agent, WB-3559D (78), isolated
from a flavobacterium species, has been synthesized using the chir-
ality at C-4 of glucose for the R-centre in the product.61
A full account has been given of the synthesis (from glucose)

of structures corresponding to the C-1 + C-4, C-9 =+ C-12 and C-7 =+
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] 0
e} (0]
(15) (7€)
Reagents: i, LiC=C-CaMyy- THF/HMPA ; ib, BzCL i, Hy- Lindlar cat.; iv, TFA-HR0 | v, Pb(OAJ,
Scheme 18
2
] 0 CH.OH Me Me
Pr(cH N /kz
" 2)11\_/\”/”\/J\N CORH OHC AN
0o o0 : o_ _0
pre [
v (C,HQ)” o] (78} (79)

C-15 fragments of 9-dihydroerythronolide A (see Vol. 17, p. Z&A-EFZ
and the same workers have also prepared the C-1 » C~-5 segment in the
form of the aldehyde (79) (sugar chain numbered), again from D-
glucose.63 The segments prepared were found to be identical with
compounds prepared by degradation of the antibiotic.64 The chiral
fragment (80) was accessible from the known epoxide (81), itself

derived from 1,6-anhydroglucose, as outlined in Scheme 19; an oxida-

0 0] Me Me
0 0 3 1.8
i kv 0, Y
(0] OH %‘O OH
Me Me S

(81) (82) Me 80)
Reagents : i, LiCHSPh | i, Na-NHg 3k, HS(CHp),SH - BFy | v, Me,C(0Me),~ TsOH
Scheme 19

tion-reduction sequence on intermediate (82) led similarly to the
C-3 epimer of (80). These fragments contain chiral arrays present
in a number of important natural products including tirandamycin,
monensin, rifamycin and erythromycin A.65 Levoglucosan was also

the starting material for the preparation of (83), which has been
used to synthesize the C-9 - C-13 segment of erythronolide A; a
number of stereoisomers of (83) were also made in a stereoselective
manner.66 In connection with an approach to the antibiotic pyrido-
mycin, the chiral acid (84) was prepared by degradation of a branch-
ed-chain structure previously prepared from glucose (sugar carbons

indicated).67
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o 3CO,H
& OH
Me 0 MOMO {W
oBn Et Me
HO
Me (84)

(83)

Acyclic carbon chains bearing methyl groups in a 1,3-, 1,4-,
or },5-relationship, with or without additional hydroxy functions on
the chain, have been chirally prepared from derivatives of S-5-
hydroxymethylbutyrolactone, by the use of the concept of a 'replicat-
ing chiron'. The starting materials are perhaps easiest obtained
from L-glutamic acid, but carbohydrate precursors (D-mannitol, D=
ribonolactone) can also be used.68 The same ideas have been ex-
tended to the synthesis of 1,3—p01y015.69

An interesting fragmentation of the mannose~derived glycal (85)
was used in an efficient synthesis of (2S, 3R)-sphingosine (86;
R=H) as outlined in Scheme 20. The glycal epimeric at C-3 is avail-

able from D-ribonolactone, and this was converted by similar

oOMOM By OMOM OH
A A y
/ o ;/ , OMOM c H /WOH
. il A Ui =C 13 27 Y
—_ —_— 4 —_ A
\O C\H2 HC H NHR
oMOoM

(85) (8¢)
Reagents: i, Br, ; i, DBY i, Bult
Scheme 20

chemistry to the (2S, 38) isomer of sphingosine.70 The (28, 3R)-
ceramide (86} R=COCZ3H47) has been preg?red from glucose in ca. 20%
overall yield via an ll-step sequence.

The (S) isomer of the antiherpetic agent 9-(2,3-dihydroxy-1-
propoxymethyl)guanine (87) was prepared by excising the acyclic

chain from a D-glucose derivative, the chiral centre of the target

0
Gu Gu N
! ' / NH
CH,OCH, CH,OH CH,O  CHa0H  Gu = < 1 g
/ P
HY "o HOH,C OH NTOONT N
C) (8%)

corresponding to C~5 of glucose.72 In the same area, all four
possible diastereoisomers of 9-(1,3,4-trihydroxy-2-butoxymethyl)
guanine (88) have been synthesized from D- and L-xylose and D- and

L—arabinose.73
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The stereospecifically deuteriated ribose derivative (89),
available from the sugar in five steps, has been used as the start-

ing material in a new synthesis of the (S) isomer of 'chiral

glycine', as indicated in Scheme 21.74
2y
Ll 2
TsO OMe H, H
i-tv - /;z:
- HyN 7 Co,

(&89

. - N .
Reagents: i, NaN3- DMF; i, HOAC-H30 ; iii, KMnOg; iv, Hp-Pd

Scheme 21
The synthesis of C-glycosides required for the synthesis of
ambruticin is mentioned in Chapter 3, and the use of a sugar der-
ivative as a chiral auxiliary in the asymmetric synthesis of a-

aminophosphonic acids is discussed in Chapter 10.
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