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Abstract: Reactions of 2,3,4,6-tetra-O-acetyl-o-D-glucopyranosyl bromide (3) with chromium(ll)L complexes
(L = EDTA, NTA, IDA, GLY, MAL) in neutral (5 < pH < 7) aqueous DMF gave 3.4, 6-tri-O-acetyl-1.5-
anhydro-2-deoxy-D-arabino-hex-1-enitol (13) in 70-90% yields and >95% purity. Complexes of Cr(Il) with L =
EDTA, NTA were similarly efficient with 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosy! chloride (2) in furnishing

r
lucal 13, while with L = IDA, GLY, MAL hydrolysis of 2 could not be suppressed. Under *J* same conditions

= g,

Cr (EDTA)J” also efficiently gave the corr esponding glycals 14-19 from 2,

2.3.,4 6-tetra-O-pivaloyl-a-D-glucopyranosyl bromide (5), per-()-acetylated «-D-galactopyranosyl chloride (6)
and bromide (7), a-D-mannopyranosyl chloride (8), «-D-xylopyranosyl chioride (9), and bromide (10), B-D-

arabinopyranosyl bromide (11), and o-L-rhamnopyranosyl chloride (12). © 1999 Elsevier Science Ltd. All rights reserved.

Neywords: carbohydrates; chromium compounds; complexes; glycals

1. Introduction

<
¢ among the most versa

bulldmg blocks n carbohydrate chemlstry and natural product synthesis [1,2]. Although they
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have been known since the early years of this century [3,4] newer and improved mcthods for
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Glycals are most often prepared b
the reaction of acetobromosugars with (activated) zinc dust in aqueous acetic amd. Smce
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acetobromosugars are prone to . leglyug and other side reactio
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sugar configuration, the general trend to
find better procedures for the preparation of glycals has been the use of aprotic conditions and/or
other substrates. Most important are the following methods: a) Introduction of good leaving
groups at C-2 of glycosyl halides [7-9]; h) Reactions of variously protected glycosyl halides with
reducing agents such as sodium, potassium and sodium-naphtalide [10,11], zinc/silver-graphite
[12], potassium-graphite [13], aluminum amaigam [14], samarium(ll) iodide [15,16], titanocenc

dichlorlde [17,18] in tetrahydrofuran (THF) w1th hthmm n hquld ammonia [19-2]], with

r

derivatives with a C-1-S bond as starting materials: reactions of 1-thioglycosides and glycosyl
phenyl sulfones with lithium-naphtalide in THF [24-26]; reactions of [-thioglycosides with

potassium-graphite in THF [27]; reactions of glycosyl phenyl sulfones with samarium(11) iodide
in THF with or without hexamethylphosphoric triamide [28,29]; reactions of glycosy! sulfoxides

£ TR AT™ | rMi1a

ith i in THF ; d) Electrolysis of acetobromosugars in DMF or acetonitrile [31]:
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¢) Radical induced eliminations from 1-thioglycoside-2-xanthates in toluene [25.20], as well as

>

from 2-azido-2-deoxy-selenoglycosides in benzene [32]; f) Eliminations from 2-deoxv-
and -

pentofuranose derivatives, such as nucleosides [33,34], 1-O-mesylates [35],
selenoglycosides [36] as well as from furanose 1,2-diols [37].

Most of the above methods rest on an El, elimination of the 2-()-substituent from a primarily
formed glycosyl anion (C—E) (see Scheme 1). Detailed mechanistic studies [6] revealed the

intermediacy of glycosyhum ons B yleldmg C by a two-electron reduction in the Fisher-Zach

products (per-O-acetylated sugars, acetylated sugars with a free glycosidic OH, acetyiated 1,3-
anhydro-alditols, 2-deoxy sugars, and 2,3-unsaturated sugar derivatives) besides the desired

glycal. The formation of B may most probably be ascribed to the solvent used in the Fischer-
n Ar(OYH_ I—Iﬂ]-1rm'
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diefectric constant: € ~ 42) can ionize and then dissociate [38] the C-Br bond in A. This is
ter

corroborated by a finding that replacement of water by THF (for an AcOH-THF 1 : 9 mixture: ¢
~ 7) largely increases the yield and purity of the glycals [39].
On the other hand, forma f B is unfavored in the Zn—N-base procedure [23] which can be

f the
used are in the range 2 < ¢ < 7, and no ionization can take place). Mechanistic studies [40]

zy!

regarded as an aprotic version 1sher-Zach method (dielectric constants of the solvents
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medium solvolysis of neither A nor C can occur. Rearrangement of D is known to be a slow
process [41].

Accordingly? the A—D—C—E solvolytic and rearranged by-products in protic medium (see text)
route produces golvcals of verv hish TH,\Q or 1H2O or ? @
VLY pPAVBUVLG gl VGLS Uk Vi Yy  niigaa 2z ACOH or H
an s soen o Y YR R iRy e ACOH raarrannamant l
purity widiout SI1gnincdiit dﬂlUUﬂ[b UI | | Patianguinsi |
by-products. Although not investiga- AN [ § 0O ] 2@ [ § 700 1
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ted in detail, the other aprotic \( ﬂ Br® ] f / | ] f / I
) _
: : Br $ H |
(AcO)n =T | 1
reductive eliminative reactions must . | oAc | | oac |
also follow the above pathway. A B e C
Recently, carrying out organic
, y fyIng ) g eeI-B.r@ o / ’-OACG
reactions in aqueous medium has A & v
: ) : —0 o)
received particular attention because > / >
it offers several advantages: there is { ot _/
- I | FaJ 1 1 . | — o | (ACO)n
no need for anhydrous organic L OAc |
n 1)
solvents; the burden of solvent nd Scheme 1 =
disposal on the environment can be
moderated; several protection-
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synthetic sequences; in metal ion assisted reactions
separation of the organic product can be simplified; biochemical processes occur in the presence

of
of water [42-46]. Therefore, we envisaged to elaborate a new neutral aqueous synthetic

glycals of high yield and purity even olvolytl lle if the steps A—D and C—E are faster
than solvolysis.

Chromium(Il) compounds are widely used in organic synthesis [47.48] for selective
transformations of various functional groups [49,50]. In the present context the most nmpomm

then give organochromium(Ill) species [52] of anionic character suitable for further
transformations (Scheme 2). Most of this chemistry was performed in a strictly aprotic medium.
The use of chromium(Il) ion in aqueous medium [53] as well as the application of EN as a

complexing ligand to increase the reactivity of Cr(II) was also reported [22,54]
50 Cr(ll . Crin 50 Based on our experience in the field of
R=X m R —— R=Cr(lll)  ¢omplex equilibria of transition metal ions
Scheme 2 and especially of chromium(Il) [55] we have

chromium(Il) aminocarboxylate complexes as reagents usin the so called “biomimetic setup™
for different fields of the synthetic organic chemistry [56-58]. As a part of this program we
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describe herein the reactions of Cr(II)L compounds with acylated glycopyranosyl halides in
nantral amianiie madinm A nraliminamy arnrnannt nfthic wwnrl hae haan niklichad [8Q1
Hlutai agquiuus Hicuiulil. A piviidiibial y abLOUulil U1 ulkld> WUIR 1lad UCCH PuulLisiuca ju 7.

2. Results and Discussion

Py /TT)

aj Rationale /Ur' irne use U/ ‘chromiu "7?(71') L()m‘[)tcxua (C i“(U/L\

and their preparation

Reduction of alkyl halides by chromium(II) ion 1s believed to proceed by an inner sphere

lectron transfer [60]. The ease of this process depends on the reactivity of the Cr( U) pecies and
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is determined bv its standard potential .
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ot . was
demonstrated by the observations that [Cr'(H,0)]** can reduce only activated (eg. allyl, benzyl.
a-carbonyl) halides [53], and addition of EN as

successfully reduce primary alkyl halides in

\ Yy 4y 1

a ligand to form [Cr(EN),]*" was necessary to

to the Nemnst

=]
..D

aqueous medium 54]. Accordine
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(8}
o

equation (E = E” + RT/F n[Cr( DLY/[Cr(I1)L]) the ligand effect can be described by the formal

potential (E" =E"+RT/F inKcrmy/Keremy,) which is determined by the stability constant of the

R! R
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1-12 13-19
Table 1
Structure of the starting compounds and the products
Starting  Configuration X' X° R R® R* R' R* R* R RY Product” Conlfiguration
compound®
1 f-D-gluco F H CH.OAc H H OAc OAc H H OAc - -
2 a-D-giuce H Ci CH:0Ac H H OAc OAc H H OAc i3 D-arabino
3 o~D-gluco H Br CH:OAc H H OAc OAc H H OAc 13 D-arabino
4 a-D-gluco H Br (CH,OBz H H OBz OBz H H OBz 14 D-arabing
5 'L-D-i;f!u(‘(} H Br CH,OPiv H H OPiv OPiv H H OPi 15 D-arabine
6 o-D-galacto H ClI CH:OAc H OAc H OAc H H OAc 16 D-lvxo
7 a-D-galacto H Br CH:OAc H OAc H OAc H H OAc 16 D-fvxo
8 a-D-manno H Cl CH,OAc H H OAc OAc H OAc H 13 D-arabino
9 a-D-xylo H Cl H H H OAc OAc H H OAc 17 D-threo
10 o-D-xylo H Br H H H OAc OAc H H OAc 17 D-threo
11 f-D-arabino  Br H H H H OAc H OAc OAc H 18 D-ervihro
12 o-L-rhamno® Cl H H CH; OAc H H OAc H OAc 19 d

*Per-(J-acvl-aldopyranosyl halide; °Per-O-acyl-1.5-anhydro-2-deoxy-ald-1-enitol; °6-deoxy-L-mannc:, *6-deoxy-L-arabino.



A, IDA, GLY, MAL: for structures
see Table 5) can result in complexes of different formal potential, (¢g. E' ~ -13 V for
[Cr(EDTA)(H,0)]™, see more data for different Cr(III)L/Cr(II)L aminocarboxylate complexes

m [61]) and, hence, different reactivity. This, on the other hand, means that a possibility for fine

i, 12vily LA 1LILQRLD LLIGL & V322U )

tuning the reactivity of the Cr(Il) 1on arises. Besides this the above ligands, which are solids and
available as standard analytical reagents of high purity, can be handled much more easily than
EN. Another advantage is that the pH for solutions of complexes with these ligands is in the
range 5-7 which is essentially neutral and thus hydrolysis of sensitive substrates (eg. glvcosyl
halides) can be

avnided
[ AVILVL VLY N

To have reagents with different reactivity the following Cr(II) complexes were prepared on the
basis of our earlier solution equilibrium studies [55] from chromium(Il)acetate in neutral (5 -< pH
< 7) aqueous medlum [Cr'(EDTA))>, [CF(NTA)T, fCr“(IDA)] [Cr'(GLY)]", and [Cr(MAL)].

n the reaction

18N 11 AaxaAsw ; RAX i ; 1ips

)

concentration. For preparation

=3
)CI‘Q

of the reactive complexes solution cqumbnum calculations [62] uqmg the known formation
s

constant
h) Reactions of acylated glycopyranosyl halides with chromium(Ill) complexes in aqucous DM

Preparative studies: The structures for the investigated glycopyranosyl halides (1-12) and the

obtained pyranoid glycals (13-19) are listed in Table 1.
First, per-O-acylated D-glucopyranosyl halides (1-5) were subjected to the reaction with the

m..,,.exes ef (,r(H} in a 1

f——
-

complexes are pr actlcally the same as in pure water [55] Compounds 1-5 are a-halogeno-ethers
which, to the best of our knowledge, have not yet been investigated as substrates of Cr(I1) 1on

mediated reactions in aqueous medium. Halides 2 and 3 failed to react with the least reactive
A 2+ ~1 N\ . tat 1 - 2 & A 1 : PP
[Cri(H,O)]”" (Table 2, Entries 2 and 8), while with chromium(IT) complex reagents gave tri-()-

1cetyl-D—glucal (13). The reactions of 2 with the less reactive complexes [Cr'(MAL)].
[C N (GLY)] and [Cr”(IDA)] produced 13 in lower yield and purltv (Table 2, Entries 3-3)

that the formation of 13 could not cor

indicating not ¢ Y
other side reactions in the reaction mixture. The runs with the more reactive [Cr'(NTA)] and
[Cr'(EDTA)]* gave 13 as a practically pure crude-product (Table 2, Entries 6, 7) as did the
reactions of bromide 3 with each Cr(ll) complex (Entries 9-13). No transformation could be

observed and the starting material was recovered in the reaction of fluoride 1 with the most

PR S

R ” 2- o . | on Al carrn
reactive [Cr(EDTA)]* (Table 2, Entry 1). These observ:

ons show that the reactivity range

ti
covered by the applied complexes meets the requirements of glucosyl bromide 3. For chloride 2
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Although glycosyl chlorides are more stable towards nucleophilic attack than the corresponding
lo

&

bromides their lower reactivity towards the Cr(Il) complexes allows the hydrolysis to compete

with the reduction. Fluoride 1 lies out of the reactivity range provided by the applied ligands.

—OR [—OR

AN y crint /oR
| )w H.O - DMF I /
RO e . RO
OR 1:1
1-5 13-15
Table 2
Reactions of acylated D-glucopyranosy! halides (1-5) with chromium(ll) complexes in aqucous DMF
Entry Starting X R Ligand pH Product  lsolated yicid®  Puriny”
compound L) (%) (%)
1 1 BF Ac EDTA 5.0 - 1o reaction’ -
2 2 aCl Ac H0 5.0 - no reaction® -
3 2 aCl Ac MAL 5.7 i3 77¢ ~90°
4 2 aCi Ac GLY 6.6 i3 77 ~90"
5 2 all Ac DA 59 i3 58 ~50°
6 2 aCl Ac NTA 6.0 13 73 >3
7 2 aCl Ac EDTA 50 13 79 >95
3 aBr Ac H,O 5.0 - no reaction® -
3 oBr Ac MAL 57 13 89 >95
10 3 oBr Ac GLY 6.6 13 89 >95
11 3 aBr Ac IDA 59 13 77 >93
12 3 aBr Ac NTA 6.0 13 71 >95
3 3 aBr Ac EDTA 50 13 87 >93
14 4 aBr Bz EDTA 50 14 88 >05
L5 h) aBr Piv EDTA 5.0 15 90 >95
“The isolated products had NMR characteristics identical with those of authentic samples 13 [23]. 14 [64]:
"Based on 'H-NMR specira of the worked-up reaction mixtures. A purity >95% means ihai no resonances other
than :hc%e of 13-15 could be observed in the spectrum; “Recovery of 1: 84%: dRecoven ry of 2: 91%: "Recovers of

3 81%: 2,3.4 6-tetra-O-acetyl-D-glucopyranose was the main by-product as judged by the 'H-NMR spectrum of
the worked-up reaction mixture; Calculated as if it were pure 13.

The [Cr"(EDTA)]* complex was also used for the transformation of the benzovlated 4 and
pivaloylated 5 bromides to the corresponding glucals 13 and 14, respectively (Table 2. Entries
14,15). These reactions show that the type of acyl protecting group does not influence the
efficiency of the reaction.

~

A lialidac 19 arn cisivisvardosmdd T
Y1 Naiidacs 0-14 arce suimmariZed i

3. These also produced the expected glycals 13, 16-19 in high yields and purity. The onlv
exception was the reaction of D-xylosyl chloride 9 which gave a more complicated product

mixture. Column chromatographic separation yielded D-xylal 17 as the overwhelming major



anhydro-D-xylitol (21) as minor products (Sc 0 could form 1n a nucleophilic

O’)
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rotonation of the probable D-

o
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T e

e
substitution by acetate ion from 9 while 21 can b
xylopyranosyl chromium(III) intermediate [59].

/ \wx [CHEDTAR =/ O>>

H,O : DMF ) 4

AcO) ) . (AcO)
( )n OAC 1 : 1“ . (AcO)n
pH=05.0
6-12 13, 16-19
Tabic 3
Preparation of per-O- au:tymu:u glycals from acetylated glycopyranosyl halides
with the [Cr'(EDTA)]* reagent in aqueous DMF
Entrv Starting Confieuration X Product Tsolated vield? Purity’
t Starting Configuratior X Product Isolated yield Purity
compound (%) (")
1 6 n-galacto aCl 16 91 >95
2 7 D-galacto oBr 16 71 >93
3 8 D-manno aCl 13 80 >93
4 9 D-xylo aCl 17 72 see text
5 10 D-xvio oBr 17 06 95
6 11 D-arabino BBr 18 90 >93
7 12 L-rhamno aCl 19 61 95

"The isolated products had NMR characteristics identical with those of authentic samples 13.

B b et PR J ST SN
16. 18 {23], 17 [65]; 19 |66]; "Based on H-NMR spectra of the worked-up reaction mixtures, A

purity >95% means that no resonances other than those of 13, 16-19 could be observed in the
spectrum.

These findings prove that [Cr'(EDTA)]* is a useful reagent for the preparation of acylated
pyranoid glycals from glycosyl chlorides and bromides in aqueous medium regardless of sugar
CO[‘lllguldllUH dilu piOlCCtlrlg groups 1[16 use OI Ullb LOH]plCX can De aavamageou: TOI the
practicing synthetic chemist because its preparation is the simplest: one merely has to nux
stoichiometric amounts of Cr(II) and EDTA and adjust carefully the pH of the solution to 5 (se

details in the Experimental section).

OAc
O [Cr(EDTA)]- —0 /— .
) noome . N7 T N/ T N/
AcO Cl 2l P AcO Seem— AcO ﬁ AcO ‘_f
OAc H : 5 0 OAc OAc
9 pr=s. 17 (72 %) 20 (4 %) 21 (2 %)
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OAc OAc | OAc | OAc |
22 / 2 23 / 24

Acoy / -Cr(m)OAcL/ lH@‘

~OAc / / —OAc / —OAC

oy~ / o J—o

OAc F OAc > OAC
AcO / / AcQO

AcO
OAc -HCI OAc
25 / 13 206
/ l 1 crinL 2 H®
—oac  / —OAc —OAG
(@) v © (e OAc @]
AcO
Oro : K j Kore > L=EDTA
AcO N ACO N ACO et
OAc OAc
27 28 29
Scheme 4

ight into the by-products not scen i

the 1H NMR spectra of the crude mixtures a GC-MS investigation of the product mixture of the
reaction of 2 with [Cr'(EDTA)]* was carried out. The compounds identified in the reaction
mixture as well as their probable way of formation are outlined in Scheme 4. As is evident from
the preparatlve results the main pathway is the formation of 13 via glucosyl radical 23 and

~ MNETYT A | 5 2PN Ry | 22

g uu):ayl 1rOITuII )EUIA intermediate 24. Radicals 23 could b

be trapped [67] by e
deficient olefins (eg. methyl acrylate or acrylonitrile) to give the corresponding a-(’-glycosides

[68]. Intermediate 24 can also be protonated to give a minor by-product 2,3,4,6-tetra-()-acetyl-

1,5-anhydro-D-glucitol (26). The parallel formation of both 13 and 26 is an unambiguous proof
for the intermediacy of 24 whose existence was also shown by UV-Vis spectroscopy [59]. Other

minor by-products are formed by attacks of nucleophiles on chloride 2. Thus, in a reaction with
water 2 gives 2,3,4,6-tetra-()-acetyl-D-glucopyranose (22). Attack of acetate ion on 2 can resull

n giving per-O-acetyl-B-D-glucopyranose (25) as well as 1 ehmination furnishing

2.3.4 6-tetra-(J-acetyl-1,5-anhydro-D-arabino-hex-1-enitol (2-hydroxy-D-glucal-peracetate) (27).
Reaction of 27 with acetate nucleophiles yields 28 in a Ferrier rearrangement [69]. Formation of
29 can be rationalized by the known reduction of the double bond by Cr(Il) species [70]. These

results show that, in accordance with our original assumption, the high yielding formation of

o
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alides can be realized even in a highly polar aqueous medium (= ~ 58 for

~ LT O TN T 1 mmiviiira)
d I'\J—LJ1vil 1 HIIAL lC}
3. Conclusion
The reactions of per-(J-acylated glycosyl chlorides and bromides with Cr(II) aminocarboxylate

complexes, especially with [CrH(EDTA)]", are suitable for the high yielding preparation of the
corresponding glycals in neutral aqueous medium, practically regardless of sugar configuration

um‘] mm*mm groups
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4. Experimental
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are uncomrected. Ontical rotations were determmned with a Pakine-Elmer 241

RAy, PURRS Y 18 INUINEE IS ....w T CONSAAS VARG IRV AL VAL RAL afldd

polarimeter at room temperature. NMR spectra were recorded with a Bruker WP 200 SY spectrometer ('H, 200 MHz "C, S03 MiHz)

TLC was performed on DC-Alurolle, Kieselgel 60 Frsy (Merck), (eluent: ethyl acetate-hexanes | : 1), the plat

Meltine nomts were measured on

uno
vt T oosh it chromatoorani el 60 (Merdd) wag Hised hoyaneg 1 -
heating. For column chromatographty Kieselgel 60 (Merck) was used (euent: ethyl acetatehexanes 1 © 3

o P PSS R S | e . 1l
over anhydrous MgSO; and concentrated in vaauum at 40-50 °C (water bath).

CiCl; » 6HO and the applied ligands of analytical grade (Table 5) were purchased from Aldrich. Preparation and reactions o Cr(1l)

complexes were camed out t standard Schienk methodol The halides were UV tation of known
mp using ogy. The acylated glycosyl prepared by adap

general methods: 2.3,4,6-tetra<()-acetyH3-D-glucopyranosyl fluonde (1) [71], per-O-acetyl-o-D(L)-glycopyranosyl chiondes 2, 6, 8. 9. 12
[72], per-O-acetyl-o(B)-D-glyoopyranosyl bromides 3, 7, 10, 11 [65,73,74], 2,3 4,6-tetra-(-benzoyl-a-D-glucopyranosyl bromide (4) [75].
2.3 4.6-tetra-O-pivaloyl-ci-D-glucopyranosyl bromide (5) [76).

The componerts of the crude-mixture from the reaction of 2 with [C(EDTA)}” were separated and identified by using a VG-7033
GC-MS instrument coupled to a VG-11-250] data system (VG Analytical Ltd., Manchester, England). Full scan data were acquired in
positive electron impact ionization mode [Ei(+)] over a mass range 30-700 amu using an exponential scan cyclic time of 1 s/decade. The
acoelerating voltage was maintained at 4 kV, the electron enexgy at 70 eV and the electron emission current at 200 pA. The total ion
chromatograms (TIC) and the mass spectra were recorded at an ion-source temperature of 200 °C. The GC separations were conducted
wsing a DB-SMS fused ilica capillary cobmmn [(J&W, Folsom, USA) 30 minlength, 0.32 mm in diameter, film thickness 3.0 un] with a He

er g

carrier gas flow rate of 2 em/min. The GC running conditions were as follows: injection 250 °C, splitless for 0.5 min; GC oven temperanure

e mital temperature of 120 °C theld for 2 man). 6 °CAmin ramp o 280 °C (held for 20 ) direct transfer Iine temperature of 280

HIdlll HUUCU 1K41] aur e LN N URAU IV L diiid u NATEHLS IGML W LAY N UURAM LUL e\ RS, VHENAA U UASINe LR fex
b \ /- Pt

2
3
3

i

(¢
]

F X7 alre e Wy L e L . L7 L SR, oo b oo 7Y L srariikted Zn (45 < O 7Y s o vl

rrepamuon o1 [Ll(UAC)z * ;U DY modification of a fiterature Prowacn | / IJ To a mixture of Pranuaiel 20 (30 g, u0Y oy @it
CrCh « 6H0 (75 g 0.28 mol) distilled water (90 cm®) was added under argon. After dissolution of CrCh « 6H;O the mixuure was cooled
with an ice bath and excess cc. HCI (105 cm’) was added to it in one portion. The color of the mixiure sowly changed to blue fom green as
the reaction wertt on. Cooling was used only in the first part of the reaction. After ~2 h the color of the mixture was sky-bhie indicating that
the reaction had finished. This sohution was then transfarred via cannula with the help of a small overpressure into a solution of sodm
acetate (127 g, 1.55 mol in 300 em® water) which was heated to 50 °C. A red precipitate formed immediately. The wamm mixture was
pressed through a filter with the help of overpressure. The precipitate was washed with cold deoxygenated disulled water (3 <). cold absohte
ethanol (3x) and cold diethyl-ether (3x), and dried in an argon gas flow at 40-45 °C, (vield: 45 g, 85 %).

—
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General procedure I for the preparation of chromium(Il) complexes, A ligand (see quantities in Table 5, Entries 1-5) was dissolved in a
mixture of water (40 cm’) and DMF (35 cm’). The calaulated amount of a KOH solution was added to the mixture adjusting the pH to the
required value which was checked by pH-potentiometry. For the preparation of Cr{Il)L complexes solution equilibrium calculations [62]
using the known formation constants [55] gave the sample compositions at the desired pH. In this way the protonation of OAc¢” was also
considered. The magnetically stimed solution was deoxygenated by bubbling with argon for 15 minutes. [Cr(OAc), * H-OL (0750 ¢ 22
mmol Cr(IT)) was added i one portion under argon and the slow change of the color of the solution indicated the formation of the reactive
complex [CHLYHO)]". At the applied pH and Cr(ITyL ratio the appropriate monocomplexes form in high concentration.

Table 5
Preparation of the reactive Cr(II)L complexes

Entry Ligand  Structure of the ligand Reactive 1gKenm®  Quantity of  Added KOH

(L) Complex ligand solution” pH Color
(g; mmol) (em®. mmol)
1 EDTA  ethylenediaminetetra- [Cr(EDTA)]>  12.70 0.893; 2.4 1.1: 2.66 3.0 sky-blue
acetic acid® )

2 NTA mitrilotriacetic acid [CENTA) 6.52 0.459. 2.4 2.8, 6.77 6.7 grev-black
3 DA iminodiacetic acid [Cr(IDA)] 5.01 0319, 24 1.7, 411 6.8 sky-blue
4 GLY glycine lCrn(GLYH 4.21 0.721; 96 0.8. 1.94 6.9 blue
5 MAL malonic acid [Cr(MAL)] 3.57 0.250; 2.4 1.9. 4.60 6.2 blue

*Taken from [55]: Cm i = 2.42 mol dm’ 3. : °Na,H,EDTA « 2H,0 form.

General procedure II for the reactions of acetylated glycosyl halides 1-3, 6-12 with chromium(II) complexes in homogenous
medium: A glycosyl halide (1 mmol) was dissolved in DMF (5 cm®)and the solution was deoxygenated with argon. This was added to a
sohtion of the complex prepared as described in General procedure L The color of the mixture began to tum to different shades of blue-
violet characteristic for the forming Cr(IINL complexes. The reaction vessel was then stoppered under a slight overpressure of argon and the
suring was continuied for [8 ho Then the moxture was saturated with NHCl and extracted with ether (5x). The salting-out has proven

extraordinanly important with the acetylated compounds: without it the yields were 15-20 % lower. The ethereal phase was washed with

3;.(\ o] aln‘! the u\‘\n’-iﬂf merrnwer] 1mder drmrmched rreca me The ahltamed m,'fnn 1 vime muochoator] h\r I‘L—L}J\ AR ot SCOD !

-,

), dned and the solvent removed under diminished pressure. The obtained material was investigated by H-NMR spectroscopy
tha carmnla vmae AFOS 0/ ar hiohor ra ity the tviald Aftha reneh 14t vme calnlatad A fka hacie Aftha ames mt anlat, r tha ol seeeach o
un qull‘JI\/ wad i 7 o |u5|u IJl.ulL_y u»_y AU Ul ULIJILJ\JIM WVAD WAIVLICURAL VLT UK UADD WL UK AUIR AR L I.ﬂu.l.luy LIK,(MI\LPIJL&AILUL

| SURER RURRRTLY » SAAPLJRITpY ¢ LIRS | W b
. Further purification was effected by column chiomatography,

1.5-An hydm—3,4,6—tn—()—bermyi—2—deoxy—Dmnbmo—hex—l—emtol (14): The complex [CHEDTA)f was prepared fiom
NaEDTA - 2HO (1. SOg, 3.48 mmoi), KOH(24.4 moldm®, 1.6 anrt’, 3.87 mmol) and [Cr{OAGC), » HXOL (0.57 & 3.03 mumol Crfi)) ina
muxture of HyO (26 e ) and DMF (45 cmy ) (pﬁ— 5. 1)4 Bromuide 4 (0.50 g 076 mmol) was dissolved n DMF (9 am’ ), the solution was
deoxygenated with argon, and added to the complex. Stining was continued for 2 d. Work-up was effected according to General procedure
1L
1.5-Anhydro-2-deoxy-34,6-tri-(-pivaloykD-arabino-hex-1-enitol (15): The complex [CHEDTA)F was prepared  fiom
NaEDTA « 2H0 (130 g 3 48 mmol), KOH (242 mol dm®, 1.6 cnr’, 3.87 mmol) and [C(OAc), » HiO} (0.57 ¢, 3 03 mmol Cr(Il) ina
mixture of HO (15 cnr’) and DMF (55 et®) (pH = 5.1). Bromide 5 (0.60 g 1.03 mmol) was dissolved in DMF (10 cm’), the sohurion was
deoxygenated with argon, and added to the complex. Stiming was contirued for 1 d. Work-up was eftected according to General procedure
1. An analytical sample was obtained by column chromatography. Colorless prisms: mp 100-103 °C; [}, = =31 (¢ = 1.01. CHCk); 'T1-
NMR: 8 (CDCk) 645 (d, TH, Jo=62Hz), 532 (dd, 1H, /4= 58 Hz, H-3), 527 (dd, 1H, .Jis= 6.6 Hz, H4), 482 (dd, 1H..A: =23 Hz.

H-2),435405(m 3H,H-5,6,6), 1.23, 119, 1. 18 (3s, 27H, QX("F—L\ SC-NMR: 8((T)(‘M 17781, 17749, 17627 (C=0)), 145 34(C-
19879 (C- 7387 6725 6632 (C-345) 6104 ( ?R"\'R 3844 ((CH)(, 2681 2675 (CHy), Anal: Caled, for GGHO,
1)y 700G \Nmay, 12,87, U142, TUI0 (U250, ViU (W), 33 T WA BN, S0, L0 A1) 4 H g7
ORI (C A2 RANY FemAd C AT AR-H R0
(I70.JUF L, U550 1L 6.0V, 'OUEKL W, U5 .06, 101, 6.57.



This work was supported by the Hungarian Scientific Research Fund (Grant No.: OTKA T19413) and the
Ministry of Education (Grant No.: FKFP 0500/1997).

6. References

[ 1] Bols, M. Carbohydrate Building Blocks, John Wiley and Sons, New York, 1996.

[2] Collins. P. M.; Ferrier. R. I. Monosaccharides, Their Chemistry and Their Roles in Natural Products. John Wiley and Sons.

New York. 1995. pp. 317-326.
Fischer. E.. Zach, K. Sitzher. kgl. preuss. Akad. Wiss. 1913, 16, 311-317.

DA I W - Digmaon W Alnl,. //....l./\l. Mhown 106T 9 ANE_ANQ
H - N L Aviewrt. uluuuyul NJIENL. 1793, L, TUI=TUO.

13
It
l"
151 Overend. V. G.; Stacey, M. Adv. Carbohydr. Chem. Biochem. 1953, 8, 45-105.

|6] Wisniewski, A.; Skorupova, E.. Walczyna, R.; Sokotowsky. J.: Glod, D. Pol. J. Chem. 1991. 65 875-881.
|7] Ness. R. K.: Fletcher. H. G. J. Org. Chem. 1963, 25, 435-437.

|8] Haga. M.. Ness, R. K. J. Org. Chem. 1965, 30, 158-162.

C
p
p:
st
85
=
-
=

[9] Holzapfel, C. W.; Koerkemocr, J. M.; Verdoorn, G. H. 8. Afr. J. Chem. 1986, 39, 151-157. Chem. Abstr. 1987, 107, 134354

(10} Eitelman. S. J.; Jordaan, A. J. Chem. Soc., Chem. Commun. 1977, 552-553.
[11] Eitelman. S. I.; Hall, R. H.: Jordaan, A. J. Chem. Soc., Perkin Trans. I. 1978, 595-600.
HT'I Csuk. R.: Fiirstner. A ; Gl"in7er B. L Weidmann H. J. Chem. Soc., Chem. Commun. 1986, 1149-1150.

., Paris, Ser 1T

117} (,d\d”dl’(). C. L. bclmanz. 3. ()rg. ( hem. 1995, 60, 7055-7057.

| 18] Spencer. R. P.. Schwartz. J. Tetrahedron Lett. 1996, 37, 4357-4360.

[19] Ireland. R. E.; Wilcox. C. S.: Thaisrivongs. S. J. Org. Chem. 1978, 43, 786-787.

{20] Ireland. E. R.: Thaisrivongs. S.. Vanier. N.; Wilcox. C. S. J. Org. Chem. 1980, 43, 48-61.
21} Cheng. J. C. Y., Hacksell, U.; Daves, G. D. J. Org. Chem. 1985, 50, 2778-2780.

[22] Pollon. 1. H. P; Llewellyn, G.; Williams, J. M. Synthesis 1989, 758-759.

Pl T 1w s

{23 Somsak. L ; Németh, I /. Carbohydr. Chem. 1993, 12, 6795-684.

Y417 n.w—.-.l v T NA L NA i Al ory C: D 7 Thoo ( L. e 1004 IS K4

‘L'fl LAiiCCiiii, 1. vl. - lVlUllll'I\ll _y L4 OllldV L. J. \nene. oL LACHL. IR, L1709, JIIJ=IIR.

{25} Fernandez-Mayoralas, A.; Marra, A Trumtel, M.. Veyneres A Sinay, P. Tetrahedron Lert. 198930, 2537-2540.
|26 Fernandez-Mavoralas, A.; Marra, A.; Trumtel, M.; Veyriéres, A.; Sinay, P. Carbohydrate Research 1989, 155 81-93

[27] Fiirstner. A, Liebigs Ann. Chem. 1993, 1211-1217.

{28] Pouilly. P.. Chénedé, A., Mallet, J. M.; Sinay, P. Tetrahedron Letr. 1992, 33, 8065-8068.

129] Pontikis. R.; Wolf. J.. Monneret, C.; Florent, J-C. Tetrahedron Left. 1995, 36, 3523-3526,

[30] Casillas, M.: Gémez, A. M.; Lopez, J. C.; Valverde, S. Synletr 1996, 628-630.

[31] Maran, F; Vianello, E ; Catelani, G.; D’ Angeli, F. Electrochim. Acta 1989, 34, 587-589.

|?~2] Santovo-Gonzalez. F.; Calvo-Flores, F. G.; Hernandez-Mateo, F.; Garcia-Mendoza, P.: Isac-Garcia. ].; Pérez-Alvarez. M. D

[3?] Lars n. E.: Jorgcnsen P.T.; Sofan, M. A.; Pedersen, E. B. Synthesis 1994, 1037-1038.
{34} Cameron. M. A.; Cush, S. B.; Hamumer, R P..J. Org. Chem. 1997, 62, 9063-9069.
[35] Walker, J. A; Chen, J. J.: Wise, D. S.; Townsend,L.B, J. Org. Chem. 1996, 61, 2219-2221.

[36] Kassou. M.; Castillon, S. Tetrahedron Lett. 1994, 35, 5513-5516.
[37] Diaz. R. R.; Melgarejo, C. R.; Cubero, 1. 1.; Lopez-Espinosa, M. T. P. Carbohydr. Res. 1997, 300. 375-330.
|38} Reichardt, C. Solvents and Solvent Effects in Organic Chemistry, 2nd ed., VCH: Weinheim, 1988, pp. 41-50.



[39] Bredenkamp. M. W.: Holzapfel, C. W.; Tocricn, F. Synth. Comm. 1992, 22, 2459-2477,

[40] Somsak, L.: Madaj, J.; Wisniewski, A. J. Carbohydr. Chem. 1997, 16, 1075-1087.

{411 Korth. H.-G.: Sustmann. R.. Groninger. K. S.: Leisung, M.. Giese, B. J. Org. Chem. 1988, 53, 4364-4369.
[42] Li. C. J. Chem. Rev. 1993, 93, 2023-2035.

[43] Li. C. 1 Tetrahedron 1996, 52, 5643-5668.

[44] Lubineau, A.; Augé, I.; Queneau, Y. Synthesis 1994, 741-760.

100

j43] Bao, W . Zhang, Y. Svnieff 1996, 1187-1188.

|1£.|! e -
PO LI Ul g Cikdil,

[47] Cintas. P. Synthesis 1992, 248-257.
[48] Hodgson. D. M..J. Organomet. Chem. 1994, 476, 1-5.

s T eaapis Roenrtione in Adaueanse Adediq Fdg -
1-0L Lrgarnel MUty o Aqulauy Vil . LSUS..

[49] Ho., T. L. Svnthesis 1979, 1-20.

{50} Igbal. J.: Bhatia. B.: Nayar. N. K. Chem. Rev.. 1994, 94, 519-564.

[31] Giese. B. Methoden zur Herstellung (Erzeugung) und Umwandlung von C-Radikalen; Allgemeines. In: Methoden der
organischen Chemie (Houben-Weyl): Regitz, M: Giese, B. Eds: Thieme: Stuttgart. 1989, Vol. E19a. pp. 1-59.

|52] Saccomano, N. A. Organochromium Reagents In.. Comprehensive Organic Synthesis. Trost. B. M.: Fleming. 1. Eds.:
Pergamon Press: London. 1991; Vol. 1. pp. 173-208.

{33] Castro. C. E.- Kray, J. W. C.J. Am. Chem. Soc. 1963. 85, 2768-27

[54] Kochi. J. K.; Mocadlo. J. P. E. .J. 4m. Chem. Soc. 1966, 85, 4094-4096.

[55] Micskei. K : Debreczeni F Nm:rvnal 1.7 Chem. Soc., Dalton Trans. 1983, 1335-1338.

[3

l

6] Kovacs. G.. Micskei, K. Tetrahedron Lett. 1997, 38, 9055-9056.
57] Micskei, K.: Gyarmati, J.: Kovacs, G.; Makleit, S.; Simon, C.; Szabé, Z.; Marton. J.; Hosztafi, S.; Reinke. H.: Drexler. H.-I.
Eur. J Org. Chem. 1999. 149-153.
[58] Patonay. T.: Hajdu, C.; Jeké, J.: Lévai, A ; Micskei, K.; Zucchi. C. Tetrahedron Lett. in press.
[59] Kovacs. G.. Gyarmati, J.. Somsak, L.; Micskei, K. Tetrahedron Lett. 1996, 37, 1293-1296.
|60] Kochi. J. K.; Buchanan, D. J. Am. Chem. Soc. 1965, 87 853-862.

j61] Hecht. M. . Schultz, F. A_; prlSCl' B. inorg. Chem. 1996, 35, 5555-5563.
[62| Zékany. L.: Nagypal, 1. Computational Methods for the Determination of Formation Constants, Leggett. D. J. Ed: Plenum

Press: New York, 1985; pp. 291-353
1631 Mu, K. K. McBrvde, W, A E.. Nieboer, E. Can.J . Chem. 1974, 52, 1821-1833,

[64] Lundt, L. Pedersen. C. Acta. Chim. Scand. 1966. 20, 1369-1375.

[65] Wevgand, F. Meth. Carbohydr. Chem. 1962, 1, 182-222.

|66} Bergmmann, M.; Schotte, H. Ber. 1921, 54, 440-445.

|67] Micskei, K.: Szopkd, H.: Somsak, L. manuscript in preparation.

[68] Togo. H.: He. W.; Waki. Y.: Yokoyama. M. Syn/ett 1998. 700-717.

169} Collins, P. M.: Fernier. R. 1. Monosaccharides, Their Chemistry and Their Roles in Natural Products. John Wilev and Sons.
New York, 1995, pp. 322-336.

[N Magteren 0 T Ctanhane D TY: MAnid C T A Tl 10646 QR AQLA_A040
l V\I] LDV, U 1L OICPIJCIIB o U.’ lVlUJC WY, AAFRE. N FRETHE. ML l)\l\)’ OO, T7UTTT IO 7
{71} Helferich. B.. Gootz, X. Ber. 1929 62, 2505-2507.

172} Lemieux. R, U. Meth. Carbohydr. Chem. 1963, 2, 223-224.

73] Lemicux. R. U. Meth. Carbohydr. Chem. 1963, 2, 221-222.
[74] Jeanloz, R. W.: Stoffyn, P. J. Meth. Carbohydr. Chem. 1962, 1, 224-225.
[75] Fletcher, H. G. J. Meth. Carbohydr. Chem. 1963, 2, 226-228,
[76] Kunz. H.: Harrens, A. Liebigs Ann. Chem. 1982, 41-48.
[77] Inorganic Syntheses: Booth, H. S. Ed: McGraw-Hill Book Company, New York and London. 1939, Vol. 1. pp. 122-124.



