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1. Introduction and objectives

Metal-catalysed and metal-free coupling reactions have fundamentally changed the way
how complex organic molecules are assembled nowadays. Couplings of carbohydrates are not
frequent because the subtituents easily eliminate. Functional and protecting group intolerance
of most of the necessary orgametallic reagents is another drawback.

In the last decade N-tosylhydrazones emerged as partners in both metal-catalysed and
metal-free coupling reactions. Synthetic utility of these compounds as carbene precursors is
very large (Scheme 1). Tosylhydrazones can be easily prepared from aldehydes or ketones,
however, tosylhydrazones of anhydro-aldoses are not readily available, and their preparation
needs special methods. Our group has elaborated a simple synthetic procedure for this type of
compounds: reduction of glycosyl cyanides with in situ trapping of the intermediate imine by
tosylhydrazine.
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Scheme 1 Synthetic utilities of N-tosylhydrazones

Based on this background our aim was the examination of metal-free and Pd-catalysed
coupling reactions of anhydro-aldose tosylhydrazones 1 (Scheme 2), which is a new field in
carbohydrate chemistry. We envisaged to investigate the coupling reactions of tosylhydrazones
1 with alcohols, phenols, carboxylic acids and thiols under metal-free conditions to get
glycopyranosylmethyl compounds 2. Another goal of our work was to study the Pd-catalyzed
couplings of tosylhydrazones 1 with aryl and benzyl halides to give substituted exo-glycals 3
and o-C-glycosyl styrenes 4. The low hydrolytic stability of natural O-glycosidic bonds reduces
the applicability of carbohydrate-type molecules as drug candidates. The replacement of the
glycosidic oxygen with other atoms, such as S, N, and C may result in hydrolytically more



stable moieties, thus the planned transformations may open simpler and shorter ways for the
syntheses of glycomimetic compounds.
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Scheme 2 Planned transformations of anhydro-aldose tosylhydrazones
2. Applied methods

In the course of our synthetic work, macro, semi micro and micro methods of modern
preparative organic chemistry were applied. Reactions were monitored by thin-layer
chromatography. Products of the reactions were purified by column chromatography and/or by
crystallization. New compounds were characterized by their physical property (optical rotation)
and their structures were elucidated by 1D- and 2D-, *H- and **C-NMR methods as well as mass
spectrometry.

3. New results of the dissertation

3.1. Synthesis of C-(p-D-galactopyranosyl)formaldehyde tosylhydrazones with
ether type protecting groups

Galactopyranosyl cyanide 5 was deacetylated under Zemplén conditions to give the
deprotected 6, which was reacted with MOMCI (method A) to vyield the O-
permethoxymethylated compound 7a. Reaction of 5 with methyl-iodide (method B) resulted in
cyanide 7b. Reduction of compounds 7 in the presence of tosylhydrazine furnished
tosylhydrazones 8 in good to moderate yields.
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Scheme 3 Synthesis of C-(B-D-galactopyranosyl)formaldehyde tosylhydrazones with ether
type protecting groups

3.2. Examination of the generation of C-glucosylmethylene carbenes

Generation of C-glucosylmethylene carbene from tosylhydrazone 9 was studied in the
presence of various bases to result in exo-glucal 10. The best results were achieved in the
presence of K3POys in 1,4-dioxane at reflux temperature or with LiOtBu at 110 °C in a sealed
tube (Table 1). Based on these results coupling reactions were mainly performed under these
reaction conditions.



Table 1 Generation of C-glucosylmethylene carbenes

OBz OBz OBz OBz o
BZO’&/ __ base (o) + BzO [0} + BzO 0
BzO dry solvent BzO BzO —~CHOo BzO 0O

oZI

O OBz
OBz

10 1" 12f

Base dr Yield (%

Entry (equiv.) Solvint 10 11( : 12f
1 NaH (10) 1,4-dioxane 72 - -
2 K2COz (1.5) 1,4-dioxane 21 5 16
3 K2COs (5) 1,4-dioxane 26 6 9
4 K2COs (10) 1,4-dioxane 25 9
5 LiOtBu (1.5) 1,4-dioxane 502 - -
6 LiOtBu (5) 1,4-dioxane 24 - -
7 (n-Bu)sNF (5)  1,4-dioxane 44 + 14
8 K3POs4 (3) 1,4-dioxane 46 - -
9 K3POs4 (5) 1,4-dioxane 70 - -
10 K3POs4 (5) PhF 10 - -
11 K3POs (5) PhF 29P - -

@ Performed in a sealed tube, 110 °C, Ar
b Performed in a sealed tube, 100 °C

3.3. Metal-free coupling reactions — Formation of C-O bonds
3.3.1. Synthesis of B-D-glucopyranosylmethyl ethers

Tosylhydrazone 9 was reacted with alcohols and phenols under UV-irradiation,
microwave or conventional thermic activation. Coupling of compound 9 with alcohols failed,
except 1,1,1,3,3,3-hexafluorpropanol which provided ether 13a in moderate yield. Reactions
with phenols resulted in the corresponding ethers 13b,d,e in low and moderate yields. Exo-
glucal 10 was isolated as a by-product in these experiments (Table 2).

Table 2 Coupling of C-(B-D-glucopyranosyl)formaldehyde tosylhydrazone with alcohols

and phenols
OBz OBz OBz
éw 0 O o g 8 NG
d o dry solvent OBz OBz
13 10
Yield (%
Entry R ROH Base dry OT t (%)
(equiv.) (equiv.) Solvent cC) () 13 10
1 CHaCHo- K3PO4 (5) ethanol 78 3  Decom-
position
2 (CH3)sC- 20 K3POs (10) 1,4-dioxane 80 3 - 28
3 20 LiOtBu (1.2) PhF 100* 0.25 - 42
4 SN 20 LiOtBu (1.2) PAF 100° 025 -  +
5 a (CFs)CH- 20 LiOtBu (1.2) 1,4-dioxane 110° 05 35 28
6 20 LiOtBu (1.2) PhF 1008 025 25 5



7 ) 35 KsPOs(10) 14-dioxane 101 1 - -
8 33 LiOtBu(15) 14-dioxane 110° 1 25 45
9 20 LiOtBu(15) 14-dioxane 25° 15 8 33
10 ¢ we{ ) 5 KsPOs(2) ld4-dioxane 110° 05 + 42
11 20 LiOtBu (1.2) 14-dioxane 110° 05 + 55
12 o) 20 KsPOs(5) ld-dioxane 110° 1 20¢ -
13 20 LiOtBu (1.2) 14-dioxane 101 0.5 30 13°
14 20 LiOtBu (1.2) PhF 100° 175 39 -
15 2 K2CO3 (3.5) PhF 155 03 17 +
16 e on{ ) 20 KsPO4 (10) 1,4-dioxane 110° 05 28 -
17 20 LiOtBu (1.2) 1,4-dioxane 110° 05 34 +

AMW (150 W 100 °C, 200 W 155 °C)

b Performed in a sealed tube

¢ Irradiation with mercury vapour lamp (250 W, Amax=365 nm)

4Yields were calculated on the basis of the *H NMR spectra of the worked-up reaction mixtures

The acidity of the reagents and the yield of the reactions showed a good correlation.
Reactions in the presence of alcohols and phenols with pKa > 10 failed (Table 3, entries 1-4),
but resulted in products 13a,b,d,e with low and moderate yields (Table 3, entries 5-8) when
pKa < 10.

Table 3 Comparison of the acidity (pKa) of the investigated alcohols and phenols and its
influence on the yields

Entry ROH (numbRe? l:f(sgrl#ggunds) (numbe\r(f:(lé%%ounds) pKa
1 (CHs)sCOH 20 (9) - 17.0
2 CH3sCH20H 20 (9) - 155
3 e 20 (9) - 14.4
4 o~ )-on 20 (9) in trace (13c) 10.3
5 o 20 (9) 25 (13b) 9.9
6 o )—on 20 (9) 30 (13d) 9.4
7 (CF3)2CHOH 20 (9) 35 (13a) 9.3
8 oN—_)—oH 20 (9) 34 (13¢) 7.2




3.3.2. Synthesis of p-D-glycopyranosylmethyl esters

The coupling reactions of tosylhydrazone 9 and carboxylic acids resulted in esters 12.
Aliphatic esters 12a—e were prepared in poor (12a,e) to moderate (12b—d) yields (Table 4,
entries 1-6). The aromatic 12f—I and sugar esters 12m—p were isolated in low (12f,h), moderate
(129,i-l and 12m,0) and good (12n,p) yields (Table 4, entries 7-18).

Table 4 Coupling of C-(B-D-glucopyranosyl)formaldehyde tosylhydrazone with carboxylic

acids
OBz OBz (o]
ﬁg — e A~ L,
OBz [eJe] dry 1,4-dioxane 0Bz
9 reflux 12
RCOOH K3POg4 . 0
Entry R (equiv.) (equiv.) Yield (%) 12
1 a CHs- 20 10 31
2 b CH3CH2- 20 10 49
3 c @” - 20 10 58
4 2 2 39
5 d (YX 5 5 39

6 e @*Hﬂx 5 5 28
7 f )N 40 20 22
8 g 90) 20 10 37

h Heo— ) 20 25 29
10 i Ho—( )¢ 20 20 43

1 20 25 51
12 o ) 5 9 33
13 k HN— )% 3 8 36

14 | C}\* 20 15 51

15 m a0y 5 5 48

16 n BEOTN 5 4 60
OBz
AcO__oac
17 o Aco§%\/ 5 3 58
Ac
=< (0)

o}
18 p @V\O_%( 5 5 66
o}




Experiments were extended to the D-galacto configured tosylhydrazone 14. The
corresponding aliphatic 3-D-galactopyranosylmethyl esters 15a—c were obtained in low (15b,c)
and moderate (15a) yields, the sugar ester 15d was isolated in good yield (Table 5).

Table 5 Coupling of C-(B-D-galactopyranosyl)formaldehyde tosylhydrazone with
carboxylic acids

AcO OAc AcO OAc o
0 (H: H RCOOH o )L
AcO SNTTUS] K3POy4 AcO 0~ "R
(o)

OAc o) dry 1,4-dioxane OAc

14 reflux 15

RCOOH K3POg4 . 0
Entry R (equiv.) (equiv.) Yield (%) 15
1 a CHas- 20 10 51
2 b CH3CH:- 5 4 30
3 SN 2 2 25
OBz

4 d BION=Q 5 3 75

OBz

The correlation of the acidity of the reagents and the yields was also examined.
Carboxylic acids with pKa > 3 gave esters in low to moderate yields (12a—J, 15a—c, Table 6,
entries 1-10), however with pKa < 3 furnished the coupled products in moderate and good yields
(12k—p, 15d, Table 6, entries 11-16).

Table 6 Comparison of the acidity (pKa) of the investigated carboxylic acids and its
influence on the yields

RCOOH (equiv.) Yield (%)

Entry RCOOH (number of compounds)  (number of compounds) PKa
20 (9) 49 (12b)

1 CH3sCH2COOH 4.9
s 5 (14) 30 (15b)
20 (9) 31 (12a)

2 CH3COOH 4.8
’ 20 (14) 51 (15a)

3 (T 5 (9) 39 (12d) 4.8

4 Ho—()—cooH 20 (9) 43 (12h) 4.6

5 H00—(_)—Co0H 20 (9) 29 (12i) 45
COOH 20 (9) 58 (12c)

4.
0 EjA 2 (14) 21 (15¢) 3
7 {)coon 20 (9) 22 (12f) 4.2

8 oot 20 (9) 37 (12g) 4.2
(o]
9 @*HACOOH 5 (9) 28 (12¢) 3.6

10 o )—coon 20 (9) 51 (12j) 3.4

11 HN CoOH 3(9) 36 (12K) 25



12

13

14

15

16

NH

OAc OAc

Aco/\/ﬁ/V\COOH

OAc OAc

OBz

BzO 0
BZo&WCOOH

o
ACO%COOH

20 (9)

5 (9)

5 (9)
5 (14)

5 (9)

5(9)

51 (121)

48 (12m)

60 (12n)
75 (15d)

58 (120)

66 (12p)

2.2

2.3-2.6

3.4. Metal-free coupling reactions — Formation of C-S bonds

Synthesis of g-D-glycopyranosylmethyl sulfides

Coupling reactions of tosylhydrazone 9 with thiols was optimized with thiophenol

(Table 7). The best reagent and base ratios were 20 : 10, 5 : 2 és 2 : 2, which provided sulfide
16h in good yields (Table 7, entries 1, 5 and 7). So these conditions were employed in the
following transformations.

Table 7 Optimization of the reaction conditions and the coupling of C-(3-D-

glucotopyranosyl)formaldehyde tosylhydrazone with thiophenol

OBZ
BZO
BzO

oZI

‘o

PGV

T KO,

dry 1,4-dioxane

reflux
45 min

OBz

OBz
BzO BzO
BzO

BzO

OBz
10

OBz OBz
BzO’i/\ + BZO/&/\
BzO ¥ \[)
12f

Reaction conditions Yield (%)
Entr
y (;;EU.) (*:q?‘ﬁi?/f‘) 16h 10 11 12f
1 20 10 70 3 - -
2 10 10 40 23 - -
3 2 10 33 18 - -
4 5 5 44 13 -
5 5 2 76 + +
6 4 2 53 12 - +
7 2 2 72 - -
8 1 1,5 59 - -




Next, analogous reactions with other thiols were performed. The couplings gave the
corresponding aliphatic sulfides 16a—g in low (16b,c,f) and moderate (16a,d,e,g) yields (Table
8, entries 1-13), while low (161), moderate (16k) and good (16h—j,m,n-1) yields were achieved
in the case of aromatic and heteroaromatic sulphides 16h—n (Table 8, entries 14-26). However,
the reactions failed with sugar thiols (Table 8, entry 27).

Table 8 Coupling of C-(B-D-glucopyranosyl)formaldehyde tosylhydrazone with thiols

OBz OBz
BzO O o)
BZ&/\S/ R + Bngo/ig: +

OBz
Bzoﬁg\ § __RSH
BzO NTUS] base
OBz 0o" 0 dry 1,4-dioxane
9 reflux

OBz
16

OBz
10

OBz OBz 0
BZO&& * BZOE&&/\
Bz Z~CHO Bz (0]

Entry R RS.H Bage Yield (%)
(equiv.) (equiv.) 16 10
1 a CH3CHo- 20 K3PO4 (10) 51 -8
2 20 LiOtBu (1.2) 53° 3
3 b CH3CH,CH,- 20 K3POs (10) 29 2
4 ¢ > 20 KsPO4 (10) 17 4ad
5 d O 20 K3PO4 (10) 39 -
6 5 K3POq4 (2) 22¢ 1164
7 20 LiOtBu (1.2) 27°¢ 36°
8 e SN 20 K3PO4 (10) 44 4
9 20 LiOtBu (1.2) 34¢ 17¢
10 H3000C" X 20 K3PO4 (10) 23 +
11 g Hs < 20 K3POy4 (10) 37 +2d
12 0.5 K3POq4 (2) 7 54
13 20 LiOtBu (1.2) 42° -
14 h ) 20 K3PO4 (10) 70 +ad
15 5 K3POq4 (2) 76 +2d
OCH,4
16 i N 20 K3POq4 (10) 69 +
17 5 K3PO4 (2) 64 +2
18 2 KsPOs4 (2) 55 -
19 5 LiOtBu (1.2) 63° +
20 i Oi 20 K3PO4 (10) 68 -
21 5 KsPOs4 (2) 64
22k o ) 5 KsPOu (6) 54 :



23 | HN—( ) 20 KsPOu (10) 23 :

24 m “Ww@\ > KaPO4 (2) % _
25 n-l T 5 KsPOx (2) 70° -
26 2 K3POy4 (2) 51be -
OAc Complex
AcO O\
27 Acoéxs 20 KsPO4 (10) reaction mixture

@ Compound 11 was detected in the mixture

bperformed in a sealed tube, 110°C

¢ Yields were calculated on the basis of the 'H NMR spectra of the worked-up reaction mixtures
dCompound 12f was detected in the mixture

¢ Compound 16n-11 was also isolated in a 10 % yield

OBz
BzO 0
BzO N
OBz
s

16n-l1l

The experiments were extended to C-(B-D-galactopyranosyl)formaldehyde
tosylhydrazone 14, as well. Aliphatic sulfides 17a—e were isolated in low (17a,b,d) and
moderate (17c,e) yields, while aromatic sulfides 17f—h were obtained in moderate (17h) and
good (17f,g) yields (Table 9).

Table 9 Coupling of C-(B-D-galactopyranosyl)formaldehyde tosylhydrazone with thiols

ACO_opc ACO_opc ACO_oAc
Aco%cgé,\r“o;/s\\o ﬁﬁ’mo%sj ¥ AcO&o(o\i
14 17 18
i 0,
Entry R (i) fequiv) o = (/0)18
1 a CHaCHz- 20 K3POs (10) 16 25
2 b CH3CH2CH:- 20 K3POs (10) 30 +
3 c (O 20 K3PO4 (10) 518 +
4 5 KsPOs (2) 36 +
5 d SN 20 KsPO4 (10) 27 i
6 e H;cooc™ < 20 K3PO4 (10) 39 +
7 20 LiOtBu (1.2)  55° -
8 f ) 20 K3PO4 (10) 62
9 5 KsPOs (2) 77
10 g OiH:" 20 KsPOy (10) 60 +
11 h Oi 20 K3PO (10) 51 -

2Yields were calculated on the basis of the *H NMR spectra of the worked-up reaction mixtures
bperfomed in a sealed tube, 110 °C



The acidity of the thiols and the yields of the transformations were in good correlations.
Thiols with pKa > 9 provided the coupled products in low to moderate yields (16a—g, 17a—e,
Table 10, entries 1-7), whereas the more acidic aromatic thiols pKs < 7 yielded the coupled
products in moderate and good yields (16h—n, 17f-h, Table 10, entries 8-14).

Table 10 Comparison of the acidity (pKa) of the investigated thiols and its influence on the
yields

RSH (equiv.) Yield (%)
Entry RSH (number of compounds)  (number of compounds) PKa
20 (9) 39 (16d)
1 O 5 (14) 36 (17¢) 107
20 (9) 51 (16a)
2 CH3CH2SH 10.5
s 20 (14) 16 (17a)
20 (9) 29 (16b)
CH3CH2CH2SH 10.2
3 T 20 (14) 30 (17b)
4 K, 20 (9) 17 (16¢) 10.0
5 e 20 (9) 37 (160) S0 and
SH 20 (9) 44 (16e)
9.4
y g 20 (14) 27 (17d)
20 (9) 23 (16f)
/\/SH
7 H,CO0C 20 (14) 39 (17¢) 9.3
8 @EEHH 5 (9) 70 (16n) 6.9
9 N )—sH 20 (9) 23 (16K) 6.9
5 (9) 76 (16h)
1 - .
0 > 5 (14) 77 (176) 0.6
ocH, 5 (9) 64 (16i)
11 6.1
@SH 20 (14) 60 (17g)
O
12 Hie— g 5 (9) 65 (16) 6.1
HN SH
3 on 20 (9) 68 (16m) 6.0
@SH 20 (14) 51 (17h) |
14 o) 5(9) 54 (16j) 4.7

10



3.5. Palladium-catalyzed coupling reactions — Formation of C-C bonds
3.5.1. Synthesis of substituted exo-glycals

The Pd-catalyzed couplings of tosylhydrazones 8b and 14 with aryl halides were
optimized in the Department of Chemistry, University of Rostock. Transformation of the O-
permethylated tosylhydrazone 8b gave the corresponding exo-galactals in good yields (Ph: 61
%, 4-CH3Ph: 75 %). Compound 14 was reacted with aryl halides in the presence of Pd»(dba)s,
CataCXium A and LiOtBu in 1,4-dioxane, at 70 °C to give the corresponding aryl substituted
exo-galactals 19a—c in low (19b,c) and moderate (19a) yields (Table 11).

Table 11 Pd-catalyzed coupling of C-(B-D-galactopyranosyl)formaldehyde tosylhydrazone
with aryl bromides

AcO OAc AcO OAc Z AcO OAc
H R-CqH4-Br R
N /©/ 2mol% Pdy(dba);  AcO ° ST ol
oo 4 mol% CataCXium A

14 dry 1L|40—(ti?ouxane 190AC ﬂ?AC
70°C
Ar
Entr R R-CsHs-Br  LiOtBu Yield (%)

Y (equiv)  (equiv) 19 19: E:Z 18
1 a H 3 2.2 44 1:3 22
2 b 4-CH30 3 2.2 21 1:4 16
3 c 4-Cl 6 2.2 6 1:3 2

2 Yields were calculated on the basis of the *H NMR spectra of the worked-up reaction mixtures

The reactions were extended to D-gluco tosylhydrazone 9, and substituted exo-glucals
20a—g were prepared in low (20a,c—e,g) and moderate (20b,f) yields (Table 12).

Table 12 Pd-catalyzed coupling of C-(B-D-glucopyranosyl)formaldehyde tosylhydrazone
with aryl bromides

OBz OBz OBz
O O 4 mol% CataCX|umA
LiOtBu OBz OBz
dry 1,4-dioxane
70 °C
Ar
- - i Yield (%
Entry R R-CeHa-Br LiOtBu (%)
(equiv.) (equiv.) 20 20:E:Z 10
1 a H 3 2.2 242 1:2 36°
2 b 4-CHs 6 2.2 412 1:2 192
3 o 4-CHsO 3 2.2 11 1:2 27
4 d 4-F 6 2.2 322 1:2 162
5 e 4-NO2 6 15 33 1:2 24
6 f 4-CN 6 2.2 46 1:2 4
7 g 3-CN 6 15 20 1:2 +

2 Yields were calculated on the basis of the *H NMR spectra of the worked-up reaction mixtures

11



3.5.2. Synthesis of @-(C-glycopyranosyl)styrenes

This type of coupling was optimized with tosylhydrazone 9 and benzyl bromide. The
best conditions (Pdz(dba)s catalyst, P(2-furil)s ligand, LiOtBu base, 1,4-dioxane, 70 °C) was
applied in the following experiments (Table 13, entries 7-9).

Table 13 Optimization of the Pd-catalyzed coupling of C-(B-D-
glucopyranosyl)formaldehyde tosylhydrazone with benzyl bromide

OBz OBz
BzO O + BzO % +
BzO X BzO
Br OBz
OBz OBz
BZO&/E\ A . — 21a 10
BzO N7 ST Pd catalyst
g

OBz

(0] Ligand
LiOtBu
9 dry solvent OB& H
N BzO Cs N7
2 BzO N S

0Bz o Yo

22a

E catF;(ijst (Lniqg(])?gd BnBr LiOt_Bu dry OT Yield (%)
(Mol%) 0) (equiv.) (equiv.) Solvent  (°C) 21a 10 22a

1 Pd(g')“c)z X(;g‘)’s 1 3 l4dioxane 70 3 15 4
2 Pd(E)S,)Ac)z P(2££lar)yl)3 1 3 1,4-dioxane 70 25 + -
3 Pd(g,)A\c)z CataC(szol)um A 1 3 1,4-dioxane 70 3 4 1
4 Pd(g')%)z EEEE)F 1 3 la4dioxane 70 24 2 1
5 Pd(g')%)z [ZEE)P 1 3 ld4dioxane 70 3 7 +
6 Pd(zé‘.ij)a)?’ P(Zé‘g)y')S 1 3 1ld4-dioxane 101 4 - -
7 Pdé‘.ij)a)?’ P(Zé‘ér)y')S 1 3 toluene 80 32 2 3
8 Pd(zé‘.ij)a)?’ P(Zé‘ér)y')S 3 15  1l4-dioxane 70 22 - -
9 Pd(zé‘.ij)a)?’ P(Zé‘ér)y')S 6 15  1l4-dioxane 70 48 11 -

2 Yields were calculated on the basis of the 'H NMR spectra of the worked-up reaction mixtures

12



Transformation of tosylhydrazone 9 with substituted benzyl bromides gave the
corresponding styrenes 2la-k in low (21c,d,k) and moderate (21a,b,e—j) vyields
(Table 14).

Table 14 Pd-catalyzed coupling of C-(B-D-glucotopyranosyl)formaldehyde tosylhydrazone

with benzyl bromides
OBz 2 R O%z
BzO O PN BzO
IZ320 X * Bz&z *
OBz
0Bz OBz
Bzoﬁg\ N /©/ _R-CgH4-CH,-Br 21 N 10
BzO SNTTUS] 2,5 mol% Pd,(dba), | R
o’ " =

OBz [¢] 20 mol% P(2-furyl);

9 dry 1:§é?xane BnggéBi/gthst\\/@/
Ar 22OBz o o
Entry R R-CeHs-CHo-Br  LiOtBU Yield (%)
(equiv.) (equiv.) 21 10 22
1 a H 6 15 48 11 i
2 b 4-CHs 6 1.5 40 6 11
3 C 3-CHs 6 15 172 262 i
4 d 3-CH:0 6 15 10 ) 31
5 e 4-Cl 6 1.5 40 5 14
6 f 3-Cl 6 15 42 6 )
7 g 4-Br 6 15 54 4 ]
8 h 4-Br 6 15 412 112 5
9 i 2-Br 6 1.5 362 202 2
10 j 4-NO2 6 15 392 b + 16°
1k N 6 15 27 160 17

2 Yields were calculated on the basis of the 'H NMR spectra of the worked-up reaction mixtures
bE:Z=1:1

13



The experiments were extended to the D-galacto tosylhydrazone 14. Coupling reactions
provided the m-C-galactosyl styrenes 23a—e in moderate (23c,e) and good (23a,b,d) yields
(Table 15).

Table 15 Pd-catalyzed coupling of C-(B-D-galactopyranosyl)formaldehyde tosylhydrazone

with benzyl bromides
O R, 0 +
AcO NN AcO&(\:

AcO OAc
O% 4 /©/ R-CgH4-CHy-Br OAc
AcO Con-Nog 2,5 mol% Pdy(dba), 23 X 18
o

OAc ) 20 mol% P(2-furil)s | /7R
» LiOfBu AcO_oAc
dry 1,74t)-2lcc:>xane ACO&/EQN/N\SQ/
Ar OAc "o
24
- o . Yield (%
Entry R R-CeHa-CHz-Br  LIOtBU =
(equiv.) (equiv.) 23 18 24
1 a H 6 L > ; -
2 b 4-CHs 3 22 55° " '
3 ¢ 3-CH; 6 L> 2 X 7
4 d 3-Cl 6 Lo " X :
5 e 4-Br 6 15 3 - -

2 Yields were calculated on the basis of the *H NMR spectra of the worked-up reaction mixtures

4. Possible application of the resultes

This work is a basic research in carbohydrate chemistry whereby the applicability of
anhydro-aldose tosylhydrazones in coupling reactions was explored. In comparison to the
existing synthetic pathways, the methods elaborated represent new, alternative and simpler
ways to form B-D-glycopyranosylmethyl ethers, esters and sulfides, substituted exo-glycals and
-(C-glycosyl)styrenes, thereby opening a new possibility to get such kinds of glycomimetics.
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