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1. Introduction and objectives

Based on the research in recent decades the function of carbohydrates has
been re-evaluated. In addition to their primary functions — to serve as energy sources
and as essential structural components in organisms — they play a key role in many
physiological and pathological processes, because their conjugates are found in almost
all living cells and cell surfaces. Nowadays one of the most important aims of
glycobiological research is to map the relationships between the structure and function
of carbohydrates. The compounds required for these investigations are predominantly
obtained by chemical synthesis, since the glycans are often present in natural sources
only in low concentrations and in microheterogeneous form. In addition, their
isolation is difficult because of the low stability of glycosidic bonds against chemical
and enzymatic hydrolysis. One of the most important goal of synthetic carbohydrate
chemistry is the synthesis of such compounds which mimic the structure and
biological function of natural derivatives, these are called glycomimetics. The
structural modifications are sometimes associated with more favorable metabolic and
pharmacological properties, so these compounds can also be used as lead structures
in drug design.

Based on this background our aim was the development of selective synthesis
methods for new types of carbohydrate mimetics with such favorable properties,
starting from exo-glycal derivatives possessing reactive double bonds.

The high B-selectivity of the photoinitiated thiol addition reactions of exo-
glycal derivatives prompted us to investigate this type of transformations of 2-deoxy-
exo-glycal and exo-mannal derivatives, since it was assumed, that this transformation
may allow the formation of the corresponding glycosylmethyl sulfides with f
configurations whose syntheses are otherwise very challenging tasks.

Furthermore, we also planned to study the [2+2]-cycloaddition reactions of
acyl-protected exo-glycal derivatives with dichloroketene and chlorosulfonyl

isocyanate, which may result in synthetically valuable spirocyclic compounds.


https://www.britannica.com/science/energy

2. Methods

During 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 and IR spectroscopy.

3. New results of the dissertation
3.1.  Synthesis of 2-deoxy-exo-glycals

Several 2-deoxy-exo-glycals 175a-d were synthesized from per-O-acylated 2-
deoxy-glycopyranosyl acetates 172a-d, which were obtained by the addition of acetic
acid to endo-glycals 17l1a-d, via glycopyranosyl cyanides 173a-d and the
corresponding anhydro-aldose tosylhydrazones 174a-d, according to procedures
elaborated in our laboratory (Table 1).

Table 1 Synthesis of 2-deoxy-exo-glycals and its precursors

AcOH/Ac,0, 4 equiv. TMSCN,
O cat. 30% HBr/AcOH o] cat. BF3.OFEt, ]
RO\ — " (RO); 2OF RO,
OAc CN
171a-d dry CH,Cl, 172a-d dry CH3NO,, r.t 173a-d

1.1 equiv. TsNHNH,,
8.4 equiv. NaH,PO,
_ >

Raney-Ni,
py-AcOH-H,0/r.t.

5 equiv. K3POy,
dry dioxane

o]
(RO);B\\

175a-d

o)
(RO)”%H&NNHTS

174a-d

reflux

Configuration,

Yield (%) (conformation, anomeric/epimeric ratio)

protecting group 172 173 174 175
0Bz 77 77 84
52
a BZ(Z) 0 (*Cr-a.: *C1-B (*Cr-a.: *C1-B (3C2-a.: 5C2-B
B O’é@ =8:1) =8:1) =2:1) (°Ca)
A0 _opc 81 82 77 67
b 0 (“Ci-a: “C1-p (“Ci-a: “Ci1-p (5C2-a.: 5C2-p
ACO&MN\” =6:1) =6:1) =31) (°C2)
BzO o) 90 81 76
c ke - (4Cr-0.: 1Cap (5Co-0.: 5Co-p '
B20 = 1:6) = 15) (Cs)
53 73 73
d BN (4C1-a.: “C1-B (4C1-0.: 'Co-B (5C2-0.: 2Cs-B 2608
=3:1) = 1:4) = 1:4) (°Ce)

The anomeric configurations and ring conformations of the prepared

compounds were determined by NMR methods.



3.2.  Study of the photoinitiated thiol addition of 2-deoxy-exo-glycals

Thiols 176a-g were reacted with 2-deoxy-exo-glycals 175a-d in toluene by
irradiation at Amax 365 NM in the presence of 2,2-dimethoxy-2-phenylacetophenone
(DPAP) as the photoinitiator. The transformations gave the desired 2-deoxy-
glycopyranosylmethyl-sulfide type compounds 177a-d, 179 and 180 in moderate to
good vyields (35 % — 92 %) with exclusive regio-, and high stereoselectivity. In the
case of the 2-deoxy-exo-glucal 175a and 2-deoxy-exo-glactal 175b the p-anomers

177a, b were isolated exclusively in °C, conformations (Table 2).

Table 2 Thioladdition of exo-glycals 175a and 175b

5

o hv, toluene, r.t. w e}
RO+ RSH = (RO R ¢ (RO~ g R

2 x 0.1 equiv. DPAP 4 2 I

175a,b 176a-g 2 x 15 min 177a,b 178 O
Yield (%)
Exo-glycal R 177 178
176a Bn aa 75 n.d.
176b OAc ab
Aco/é&/ 55 8
AcO
AcO

176¢ AcO _OAc ac
(6]
OBz ACQ&/ 59 7

BzBogR AcO
z o)
176d Acogm/ ad

175a ACON—= 53 (65)? 3 (n.d)?
o
176e >( o ae
© 49 5
0 0
176f CHsCH: af 66 n.d.

1769  Ph ag  69(62° nd.




5

o hv, toluene, r.t. w e}
(RO)nx\ + RSH (RO) %= SR *  (RO)N—=\ R

2 x 0.1 equiv. DPAP 4 2 N
175a,b 176a-g 2 x 15 min 177a,b 178 O
176a Bn ba 56 n.d.
176b OAc bb
Acoﬂ/ 42 n.d.
AcO
AcO
176¢ AcO _OAc bc
(0] AcO
AcO R 0
T s I bd 79 nd.
o)
176e >( 5 be
© 59 n.d.
0 0
A
176f CHsCH; bf 73 n.d.

aThe reaction was performed under an Ar atmosphere.
The reaction was performed at -78 °C.

Moderate diastereoselectivity was observed in the case of the
conformationally flexible pentose derivatives. Both anomers (177c, 179) with %Cs
conformation were formed from the 2-deoxy-exo-arabainal 175¢, and -°C,-177d and
a-2Cs — 180 from 175d 2-deoxy-exo-xylal (Table 3).

The formation of sulfoxides (178) as by-products was observed in some cases,
when the reactions were performed without Ar atmosphere. We also studied the effect
of the cooling (— 78 °C), but no significant changes were observed neither in the yields

nor in the products’ ratio.

The conformation and anomeric configuration of the products were elucidated

from their *H-NMR spectra using the 3Ju 1 coupling constants.

In the case of compounds 177a,b,d the large vicinal coupling constants (~ 11
Hz) between the H-3., — H-2 and H-3, — H-4 resonances clearly showed the 5C,
conformation and formally B-anomeric configuration. For compound 177c the signals
of H-3.x and H-3.q overlapped in CDCls, but in ds-benzene sufficient resolution was

achieved to establish the 2Cs conformation and a-D-pseudo-anomeric configuration.



Table 3 Thioladdition of exo-glycals 175¢ and 175d

(0]
6 2 SR I
OBz Ro= 0 7 . 0 SN
R, %‘5;50?2 H BZEOO§Z (R BZOOBZ 5200@7\/ R
Rf) hv, toluene, r.t. 177¢ 179 178
+ RSH ' ’
Bzo Ri 2 x 0.1 equiv. DPAP
175¢,d 176a-g 2 x 15 min 5 1 QBZ R
R4=H; R,=0Bz BZB%)/“;;Z/\SR *+ Fyv
(175d) OBz
177d 180
i combined yield (%) for 177c + 179
Exo-glycal R (ratio of 177c and 179) 178
176a Bn aa 65 (10: 1) n.d.
176b OAc  ab
Ao 67(10:1)  nd.
AcO
AcO
176¢ AcO _OAc ac
o .
BZOOBZ ACOO
R A 35 (10 : 1) nd
17 o
6e >( 5 ae
°© 50(10: 1) 9
O O
combined yield (%) for 177d + 180 nde
OBz (ratio of 177d and 180) o
M 176a Bn da 70 (1: 1) nd:?
BzO 176d Aco 0 dd 86 (1:0.6)
7% BT 9050 MO
176g Ph dg 90 (1:2.5)° n.d.2

aThe reaction was performed under an Ar atmosphere.
The reaction was performed at -78 °C.

The multiplets of the minor components 179 significantly overlapped with the
signal of the main components 177c, but we were able to verify the same ring
conformation as the main product using some distinct signals. We determined the 2Cs
conformation and a-D configuration for the thiol adducts 180 based on the large
vicinal coupling constants (J = 11.5 Hz) between H-3.x — H-2 and small ones (1 Hz <
J < 6 Hz) between H-3. — H-4, H-4 — H-5 and H-5 — H-6. protons (Fig. 1).



R0, R, H H H

H OB "

. SR z R
5 8 o 1 o) H 0 S
{104 3 12 SR

OBz H

H H BzO H BzO H
177a,b,d 177¢ 180

Figure 1 Structure elucidation of thioladducts

3.3. Synthesis of exo-mannal derivatives and examination of their
thioladdition
Per-O-acylated exo-mannals 184a,b were synthesized from the corresponding

glycosyl-cianides (Fig. 2A) according to our proven method, while the
isopropylenated furanoid exo-mannal 17a was prepared by a modified Julia-Kocienski

reaction using the literature procedure (Fig. 2B).

A) .
3.2 equiv. TMSCN, 1.1 equiv. TSNHNH, RO OR

RO—, OR ) RO— OR
Ro&g o E Roﬁ% e e Rgoﬁ&k
RO o RO -Ni

Je OV CHNOz 40°C Raney-Ni, < N

CN py-AcOH-H,0/r t. N Ts
181a (R=AC) 182a (35 %) 183a (50 %)
181b (R=Bz) 182b (53%) 183b (33 %)
sequiv. KO, RO\ PR

o}
dioxane/reflux

184a (31 %)

184b (19 %)

B)
1) N O o
0 | ° CI \°
3 equiv. | \
><O % N : >< O% S CHs; >< O%
O .oH

3 equiv. K,CO3 o7ro] o 35 O t0.
D
dry CH,Cl LIHMDS
dry THF/-78°C
187 188 2) DBU 17a

Figure 2 Synthesis of exo-mannal derivatives

The addition of thiols 176a-g to the exo-mannal derivatives 17a, 33b, 184a,b
was carried out under the same conditions as described above. In the case of the
addition of thiols 176a-e to exo-mannals 184a,b at room temperature the desired b-
mannosylmethyl-sulfides 185 were isolated in good to excellent yields (51% — 79%)
with exclusive regio- and complete stereoselectivity. When benzenethiol was used as
thiol no transformation was detected at room temperature, however at — 78 °C the

sulfides 185ag and 185bg were isolated in good yields.



Table 4 Thioladdition of exo-mannals 184a,b and 33b

7 R
RO Og hv, toluene, r.t. R05 OS 1 °© Og

RO + RSH RO + RO _R
RO RO SR RO S

2 x 0.1 equiv. DPAP 4 3 2 I

184a,b;33b 176 2 x 15 min 185 186 o)
Yield (%)
Exo-mannal R 185 186
176g  Ph ag 0 (67)* n.d
176a Bn aa 69 n.d
OAc
176b Acoé&/ ab 64 n.d
AcO—, OAc AcO Ao
AcO O o
Ao 176d  “Rood—— ad 71 3
a AcO
g8
(0]
176e © ae 79 n.d
OO0
2\
176g Ph bg 0 (47)° n.d
176a Bn ba 51 n.d
B0 08z 176d “fod>—~—  bd 68 12
BzO/ﬁ\\ ACO
BzO
184b >(O o
176e Og{ﬁ be 73 n.d
0 0
e
BNt 1769  Ph cg n.d’(n.d)**  n.d
B“Oﬁ\\ 176a BN ca n.db n.dP

33b

aThe reaction was performed at -78 °C.
bLow conversion and decomposition of glycal were observed.

The reaction of the per-O-benzylated exo-mannal 33b with thiols 176a and
176g gave only low conversion and decomposition of the starting glycal were
observed both at — 78 °C and room temperature. If the addition of thiol 176d to both
exo-mannals 184a and 184b were performed under air, sulfoxides 186ad and 186bhd

were also isolated as minor components (Table 4).

The B-configuration of the anomeric carbon-atom could be determined by
NOE measurements, based on the correlations between H-2,x H-4ax and H-6.x, which

also confirmed the °C; ring conformation of the products.



In the case of the reaction of the furanoid exo-mannal 17a and benzenethiol,
the desired compound 189 was also isolated in good yield with complete regio- and
diastereoselectivity (Fig. 3).

>CIK S
1
009 hv, toluene, r.t. 075000 /—SPh
+ PhsH ———— > : )
0.1 equiv. DPAP
17a

. 4 3
15 min 189

rt.: 53 %
-78 °C: 70 %

Figure 3 The reaction of furanoid exo-mannal 17a and benzenethiol

3.4.  Study of [2+2]-type cycloadditions of per-O-acylated exo-glycals
3.4.1. Addition of chlorosulfonyl isocyanate to the exo-glycals

The [2+2]-type cycloaddition of per-O-acylated exo-glycals (110, 112, 195)
with chlorosulfonyl isocyanate (CSI) was studied as to the effect of the temperature
on the yield and the ratio of the products. We found, that while in the case of exo-
galactal 112, both anomeric spiro-f-lactams (1°S)/(1°R)-190 could be isolated from
the reaction mixtures, in the case of benzoylated exo-glucal 110 only the formation of
one spiro-p-lactam derivative (1°S)-193 was observed, besides the acyclic amide
derivatives 191, 192, 194, 195. We also observed that the reaction time was increased
by the cooling, however the amount of amides were reduced, and the desired spiro
compounds were formed in better yields. The reaction of per-O-acetylated exo-glucal
196 with CSI at — 40 °C produced both spiro epimers 1°(S)/1°(R)-197 and the
formation of amide 198 was also observed (Table 5). The structure of the desired
spiro-B-lactams was determined by HMBC measurements by the identification of
cross peaks between the H-2’ proton and C-3 atom of the lactam rings. The anomers
were identified by the heteronuclear coupling constant (3Ju.» c-s) between H-2” and C-
3, using HSQMBC measurements (3Ju.2» cs: (1°S)-190: 2.2 Hz; (1°S)-193: 2.3 Hz
(1°S)-197: 2.3 Hz; (1’R)-190: 3.7 Hz; (1’R)-197: 3.7 Hz). The anomeric configuration
of 194 and 198 was determined by observing NOE-s between H-2 and H-4.



Table 5 Reaction of exo-glycals and chlorosulfonyl isocyanate

RO, 6 OR RO, s OR
4 0 NP, ! +
1 3 + S 1_NH
RO% Ro%
AN :

170 o]
1) 4 equiv. CSI (1'S)-190 (p-Gal, R=Ac) (1'R)-190 (p-Gal, R=Ac)
RO OR 2 equiv. K,CO;  (1'S)-193 (D-Glc, R=Bz) (1'R)-193 (D-Gl, RiBZ)
Hég\ dry toluene (1'5)-197 (D-Gal, R=Ac) (1'R)-197 (0-Gal, R=Ac)
RO T
RO 2) 5 equiv. Lil OR OR

Et,O RO, 8 RO
2 0. + o)
112 (p-Gal, R=Ac) _78°C — 0 °C 5\7 3
RO
110 (0-Glc, R=Bz) RO—5 RoE oy 20 N\ CONH,
196 (D-Glc, R=Ac) X

191a (D-Gal, R=Ac; X=OH, Y=NH,) 192 (D-Gal, R=Ac)

191b (p-Gal, R=Ac; X=NH,, Y=OH) 195 (0-Glc, R=Bz)

194 (D-Glc, R=Bz; X=0H, Y=NH,)

198 (D-Glc, R=Ac; X=0H, Y=NH,)

] Yield (%)
Exo-glycal T (°O) (1°S)-190  (1’R)-190  191ab 192
0 12 n.d. 8 30
ACO&O%CN 20 19 n.d. 8 25
A0 0 .40 16 4 3 17
112
78 32 16 15 8
(1’S)-193  (1’R)-193 194 195
it 21 n.d. 20 24
OBz 0 42 n.d. n.d. 15
BZO&K 20 d 8 8
BzO 00 -20 n.da.
"o 40 14 n.d. n.d. 13
-78 low conversion
(1’S)-197 (1’R)-197 108

OAc

(0]
Ai&&& -40 10 7 7
AcO

196

3.4.2. Addition of dichloroketene to the exo-glycals

We also investigated the reaction of exo-glycals 110, 112 and 175a with
dichloroketene, which was generated in situ from 2,2,2-trichloroacetyl chloride under
reductive conditions. In the case of the exo-glucal 110 and exo-galactal 112 the
monochloro spiro-cyclobutanone derivatives 199, 200 and 203 were isolated after a

second reduction step, only 2-deoxy-glycal derivative 175a gave the desired spiro-



cyclobutanone derivative. Compounds 199, 200 and 203 were converted to the target
compounds 201 and 204 with a new portion of activated zinc powder in the presence
of acetic acid (Table 6). The structure of the regioisomers 199-204 was established by
HMBC measurements by the identification of the cross peak between H-2’ proton and
C-1 or C-3 atom of the monochloro-cyclobutanone ring. In the case of the
diastereomers 199, 200, 203 the spatial correlation between the hydrogens in the
monochloro-cyclobutanone ring and the certain hydrogen atoms in the sugar ring
allowed us to determine the anomeric configuration and the absolute configuration of

the C-1 atom, too.

Table 6 Reaction of exo-glycals and dichloroketene
1) 4 equiv. CCI3COCI

6 equiv. Zn(Cu) o Zn/AcOH )
0 dry THF RO) <0, O rt —70°C 20,
RO E\\ —_— T — 5 (RO
(RO 2) Zn/AcOH T HW
0°C >r.t. 3 250 o)
Exo-glycal Products
OBz OBz
0Bz Bz0= 0 BzO o (C ng
B20 o z 520 BzO B20 BzO
BzO BzO
BzO cl O o) BzO
110 (1S)/(1R)-199 (1S)/(1R)-200 201 (45 %) ©
(18 %, 1S:1R=4:1) (35 %, 1S:1R=5:1)
OBz 0Bz
o)
0 BzO
BZB?O n.d. BZ%
175a 202 (45 %) ©
AcO _OAc
AcO _OAc o cl AcO Ogc
O AcO
AcO AcO
Aco%\ o AcO
12 (1S)(1R)-203 204 (65 %) ©

(20 %, 1S:1R=1:5)

Baeyer-Villiger oxidation of spiro-cyclobutanone 201 to lactones (1°S)/(1°R)-
205 was also performed. The mixture of the anomeric lactones could be separated by
preparative HPLC and the structures were determined by NMR measurements (Fig.
4).
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Figure 4 Baeyer-Villiger oxidation of 201 spiro-cyclobutanone

In the future, we plan to extend these cycloaddition reactions to other sugar
configurations (e.g. D-xylo, D-manno), and we also wish to study the Beckmann-
rearrangement reaction of oximes, which can be prepared from the corresponding

spiro-cyclobutanones.

4. Possible application of the results

During our research, we have developed new synthetic methods for the
preparation of glycomimetics possessing C-(2-deoxy-B-D-glycopyranosyl)methyl-,
C-B-p-mannosylmethylsulfanyl, spirocyclic azetidin-2-one, cyclobutanone and vy-
lactone moieties. The applied synthetic methods and the synthesized compounds may
provide novel, alternative possibilities for the synthesis of biologically active

compounds.
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Somsak Laszlo: Per-O-Acilezett exo-mannalok fotoinicialt tiol-én reakcioja FKF
Szimpodzium, 2019. aprilis 3 — 5, Debrecen

Lectures and posters in other subject:

Lectures:

1.

D. Eszenyi, Z. Zsiros, N. Debreceni, L. Lazar, M. Csavas, J. Jozsef, F. Béke, L.
Juhasz, M. Téth, L. Somsak, A. Borbas; Synthesis of C-S-linked disaccharide
mimetics by thioladdition reactions. Annual meeting of the Working Committee
for Carbohydrates, Nucleic Acids and Antibiotics of the Hungarian Academy of
Sciences, Matrahaza, May 27-29, 2015

Posters:

2.

Gergely Varga, Andrea Sztankovics, Janos Jézsef, Laszl6 Juhasz, Tibor Docsa,
Pal Gergely, Laszl6 Somsak; Synthesis and Kinetic Study of the Analogues of A
Natural Glycogen Phosphorylase Inhibitor; 4" German — Hungarian Workshop —
Debrecen, 2011

Varga Gergely, Sztankovics Andrea, Jozsef Janos, Juhasz Laszlo, Docsa Tibor,
Gergely Pal, Somsak Laszlo; Természetes eredetli glikogén foszforilaz gatlo
analogoinjainak szintézise €s kinetikai vizsgalata. 1 NKK, Sopron, 2011, majus
22 - 25.

Gergely Varga, Andrea Sztankovics , Janos Jozsef, Laszl6 Juhasz, Tibor Docsa,
Pal Gergely, Laszl6 Somsak; Synthesis and Kinetic Study of the Analogues of A
Naturally Glycogen Phosphorylase Inhibitor; 17" ESOC; Crete, Greece; 10 — 15
of July, 2011.

Gergely Varga, Andrea Sztankovics, Janos Jézsef, Laszl6 Juhasz, Tibor Docsa,
Pal Gergely, Laszl6 Somsak; Synthesis and Kinetic Study of the Analogues of A
Natural Glycogen Phosphorylase Inhibitor 4" ECCLS, Hungary, Budapest, 31 of
Augustus — 03 of September (2011)



