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1. Introduction and objectives

Carbohydrates are essential compounds for living
organisms, they play a crucial role in the biological systems. Due
to their structural diversity carbohydrates are the most numerous
class of organic compounds in nature, and their biological
functions are also extremely multifaceted.

Their widely applicable representatives are the glycals,
which contain a double bond between the C-1 and C-2 atoms of
the sugar ring, whose unsaturation provides an outstanding
variability in the field of chemical transformations.

My research work focused on the functionalization of the
double bond in a narrow class of glycals containing electron
withdrawing groups on the C-1 atom. We planned to study the
reactivity of these compounds in addition reactions such as
haloazidation and hydroxyazidation and to examine the effect of
the substrate structure and the reaction conditions on the regio- and
stereoselectivities of the transformations.

We also planned the synthesis of 2-iodoglycal derivatives
and a study of their Pd-catalyzed Sonogashira- and Heck coupling
reactions. 2-Ethynyglycals, to be obtained from the Sonogashira
reactions, were planned to be reacted with various azide
derivatives under CuAAc conditions.

2. The applied methods

During our research work a wide range of methods of
preparative organic chemistry and separation techniques were
used. The reactions were monitored by TLC and the crude products
were purified by column chromatography or crystallization. In
some cases, when the isomers were hard to separate, preparative
HPLC was applied. The structural elucidation of the products was
conducted using 1D and 2D NMR experiments, IR and MS



measurements. To complete the characterization of the synthesized
compound optical rotation was also measured.

3. New results of the thesis
3.1. Study of the addition reactions of 1-C-substituted glycal
derivatives
3.1.1. Study of the haloazidation reaction of 1-C-substituted
glycal derivatives

The haloazidation of compounds 56-61 was studied in detail
as to the quality of the halogen, the reaction conditions, and the
substrate. The conditions of iodoazidation were optimized using
glycal 56, and the best conditions were determined as follows:
Me;SI/PIDA/TMSN3/dry ACN/O °C — rt/Ar.

During the iodoazidation of D-/yxo configured 1-carbamoyl
glycal 56 (Table 1, entry 1) the starting material was consumed in
48 hours, but an inseparable mixture was formed.

The transformation was extended to D-lyxo configured 1-
methoxycarbonyl glycal 57 and 1-cyano substituted derivative 58.
While from the reaction of compound 57 the iodoazide 233 was
isolated with low conversion and in low yield (Table 1, entry 2),
in the case of glycal 58 no reaction was observed (Table 1, entry
3).

The transformation of D-arabino configured glycals 59-61
showed the same tendency. The only difference was that, contrary
to the observations with D-/yxo configured glycal 56, from the
reaction of 1-carbamoyl glycal 59 the iodoazide 234 was isolated
in pure state 56 (Table 1, entry 4-6).

The bromoazidation reactions were optimized with the D-
lyxo 1-carbamoyl glycal 56, and the NBS/TMSN;/Yb(OTf);
reagent system was found to be optimal. The reactions of glycal



derivatives 56-61 were carried out using acetonitrile and
dichloromethane, too (Table 2).

Table 1: lodoazidation of 1-C-substituted glycal derivatives 56-
61 using MesSI/PIDA iodine source

ROax_-OR
RS@ Me;SI/PIDA/TMSN; e 0 R
h .
RO, dry ACN/O °Crt RO
R I
N3
56-61 232

56-58 D-lyxo, 4-OR ax., R = Ac

R'=CN Me, CONH
59-61 D-arabino, 4-OR e., R = Bz CN, COOMe, CONH,

Time Product
No. Glycal R’ ) [conversion? (%0)/
yield® (%0)]
1 56 CONH, 48 comple_:x product
mixture
AcO _OAc
g%/COOM
2 57  COOMe 192 o °
233 (26/23)
3 58 CN 168 no transformation
BzO OIB;
4 59  CONH, 168 Bz0 CONH
N3
234 (43/51)
OBz
%
BzO
5 60 COOMe 240 Bz0 coone
|
235 (71/16)
6 61 CN 168 no transformation

aUnreacted starting material was collected from the purification. "The
yield was corrected with the conversion: [yield(%) / conversion(%)] x
100.



All the six glycals could be reacted under these conditions,
but the bromoazidation of the D-lyxo configured glycals showed
higher selectivity than the D-arabino ones. In the reaction of D-/yxo
glycals 56-58 compounds 237-240 were formed (Table 2), and in
all cases the 1-axial-2-equatorial bromoazide 237 was the main
product. The 1-carbamoyl derivative 56 was the most reactive with
the lowest selectivity, and 1-cyano compound 58 was found to be
the least reactive.

The bromoazidations of D-arabino configured glycals were
less selective, and only inseparable mixtures of isomers could be
obtained from the reactions.

The chloroazidation was performed with NCF/TMSN;
reagents, and the applied solvents (dry ACN or DCM) were
selected in preliminary experiments with D-lyxo glycal 56.

When the glycal 56 was reacted in acetonitrile, the formation
of 1,3,4-oxadiazole 248 was observed (30%) (Scheme 1), however
in dichloromethane, chloroazide 246a and dichloro compound 247
were isolated as an inseparable mixture (246a : 247 =91 : 9) with
54%.

AcO OAc AcO OAc

AcO
goii NCF/TMSN, .
ACOM= - oni dry solvent AcO N CONH;, CONH,
2 Arirt 3¢
56 21h 246a
AcO _OAc ‘(
+ ogﬁ/( N
C|CI
248

Scheme 1: Chloroazidation of D-/yxo glycal 56



Table 2: Ytterbium-triflate catalyzed bromoazidation of D-lyxo configured glycals

ACQ OAC NBS/TMSN,/YB(OTH, " Ogc AQ ﬁg: AR %r:)c AcQ ogc
Acoﬂ dry solvent Acoéﬁ/R T Ao R * A0 RT Acoéﬁ/CN
R Ar/rt NsBr Br N BrBr
56-58 237a R = CONH, 238a R = CONH, 239a R = CONH, 240
237b R = COOMe 238b R = COOMe 239b R = COOMe
237c R=CN 238c R=CN 239c R=CN
Time  Conv. Product Product
No. Glycal R Solvent () (%)° (yield, %)° ratio®

1 56 CONH: DCM 2 100 complex mixture -
2 ACN 0,17 100 237a (11)¢ -
3 57 COOMe DCM 55 65 237b (50)° -
4 168 100 237b + 239b (60) 23:757: ,ngb
5 ACN 15 100 237b (23)f -
6 58 CN DCM 168 100 237c (35) + 240 (6) 232%:_21470 =
7 ACN 20 83 237¢ + 238c (44)°9 2375‘;1: _zfgc -

aUnreacted starting material was collected from the purification. Plsolated yield. °Calculated from the 'H NMR
spectra of the mixture. 9The product is contaminated with a small amount of succinimide. ¢The yield was corrected
with the conversion: [yield (%) / conversion (%)] x 100. TThe yield of the isolated pure product. The mixture could
not be separated completely, but bromoazide 237c could be isolated in a pure form in 20% corrected yield.
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The D-lyxo configured derivatives 57, S8 were reactive only
in acetonitrile (Scheme 2.), and mixtures of D-galacto (258a,b)
and D-talo (259a,b) configured chloroazides were formed, which
could be partially separated.

From the reaction of glycal 57 a mixture of isomers 258a
and 259a (258a : 259a = 79 : 21) was isolated in low corrected
yield (29%), while in the chloroazidation of 1-cyano glycal 58 a
partially separable mixture of isomers 258b and 259b was formed
in good corrected yield (78%, 258b : 259b =82 : 18).

OAc

A0 OAc AcO _OAc AcO (" x
ﬁ _NCF/TMSN3 _ O + 0
ACOND dry ACN AcO—T R AcO R
Ar/rt 3cl Y
57 R = COOMe 258a R = COOMe 259a R =COOMe; X, Y =ClI, N3
58 R=CN 258b R =CN 259b R =CN; X, Y = CI, N3

Scheme 2: Chloroazidation of D-lyxo configured
I-methoxycarbonyl- and 1-cyano glycals
During the chloroazidation of D-arabino configured glycals
1-cyano derivative 61 gave a mixture of the desired chloroazides
263, 264 in good yield (Scheme 3), however in the case of glycals
59 and 60, complex mixtures of isomers were formed.
OBz

OBz
OBz N3
NCF/TMSN;  BzO Q >
BzO 0] —_— 2 = + BzO
Bzoi//\CN dry ACN BzO N CN BzO CN
Ar/rt 3¢l al
61 168 h 263 264

conversion: 62%
corr. yield: 69%

Scheme 3: Chloroazidation of D-arabino glycal 61

The structural elucidation was performed by using a
combination of IR, MS and NMR techniques, and by comparing
the spectroscopic data of the new compounds with literature
examples. In some cases (237c, 246a, 258b) chemical
transformations were carried out to prove the assumed structures.
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3.1.2. Study of the hydroxyazidation reaction of 1-C-

substituted glycal derivatives
For hydroxyazidations an optimization was carried out with

1-carbamoyl substituted D-lyxo glycal 56.
NaNj; (3 eq.)

AcO _OAc PIFA (2 eq.) AcO _OAc AcO -OAc
TEMPO (0.2 eq. 0 0

ﬁ (02 eq.) Acogﬁ/cowz + Acogﬁ/CONHz
=—~CONH, N3 Na

AcO [crown ether (0.2 eq.)]
N3

H20 (50 eq.) OH
dry DCM/0°C/Ar 266 267a

56
15C5 reaction time: 15 min 41 % 20 %
18C6 reaction time: 45 min 35 % traces
Wgr.}%ur reaction time: 75 min 52% -
Scheme 4: Hydroxyazidation of glycal 56 in the presence of PTC
and without PTC

Under the optimized conditions — without PTC -
hydroxyazide 266 was isolated in moderate yield (Scheme 4),

which was better than in the presence of PTC.

AcO _OAc AcO OAc AcO OAc
NaNy/PIFAITEMPO 0 o
%& o Acogﬁ/coom * Acoéﬁ/coowm
= ~COOMe N, N3N

AcO H,O
DCM/0°C/Ar 3
57 268 269
without 18C6 25h 88% 1%
with 18C6 2h 54% -

‘ TMSNy/PIFA/TEMPO 68:/&/:3%

H,O/DCM/0°C/Ar
0.5h

Scheme 5: Hydroxyazidation of 1-methoxycarbonyl glycal 57

A similar tendency was observed in the case of 1-
methoxycarbonyl glycal 57 (Scheme 5). Under the optimized
conditions (without PTC) hydroxyazide 268 was formed with



better yield (88%, 68%) than in the presence of PTC (54%)
(Scheme 5).

AcO OAc
AcO _OAc
NaN,/PIFA/TEMPO o)
0 — 3 > AO CN
AcON_2 H,0 Ns
CN DCM/0°C/Ar Ns
58 24 h 270

without 18C6: conv.: 40% corrected yield: 96%
with 18C6: conv.: 40% corrected yield: 32%

Scheme 6: Hydroxyazidation of 1-cyano glycal 58

The hydroxyazidation of 1-cyano glycal 58 was also studied
with or without PTC (Scheme 6). Although the rate of the reactions
was similar, the 1,2-cis-diazide 270 was isolated in excellent yield
without PTC, and only in low yield with PTC.

The hydroxyazidation of D-arabino configured 1-carbamoyl
glycal 59 provided hydroxyazide derivatives with D-gluco (271)
and D-manno (272) configuration in moderate and low yields,
respectively (Scheme 7).

OBz
o)
BzO, CONH,
N3y
OH
OBz 271 (37%)
NaN/PIFATEMPO
BZO O R +
570\ H,0/DKM
CONH, 0°C/Ar/4 h OBz
3
. o)
59 conv.: 94% BBZZOO CONH,
OH
272 (14%)

Scheme 7: Hydroxyazidation of D-arabino configured glycal 59
In the reaction of 1-methoxycarbonyl substituted D-arabino
glycal 60 an inseparable product mixture was formed, and no
transformation was observed with 1-cyano glycal 61.



The structures were elucidated by using a combination of IR,
MS and NMR techniques. One of the biggest challenges of the
structural elucidation was the determination of the anomeric
configuration, which was based on a comparison of the
heteronuclear three-bond coupling constants (*Jusci1) of
hydroxyazides and diazide anomers 267a,b (Scheme 8).

AcO O:C AcO OHAC
Aco$%/cow2 Aco$%/rq3
N3 N3
HowN, H  "ConH,
267a 267b
30h3.04= 2.2 Hz 30n3.04= 5.5 Hz

Scheme 8: Heteronuclear three-bond coupling constants between
H-3 and C-1 atoms

3.2. Study of the palladium catalyzed coupling reactions of 2-

iodoglycals and 2-iodo-1-C-substituted glycal derivatives
3.2.1. Synthesis of 2-iodoglycals and 2-iodo-1-C-substituted

glycals

We have developed a procedure to synthesize 2-iodo-1-C-
substituted glycals (279-282) using N-iodoimides (277, 278) as
iodine source and AgNO; or TMSOTT as promoter (Scheme 9).
From these reactions the desired compounds could be obtained in
moderate to good yields. The synthesis of the 2-iodoglycals (212,
213) was carried out based on a literature procedure.

o)
RO _OR
RO OR P
ﬁ . 0 “T)<N7I Lewis acid 0
RO, k:v,f:i\« dry ACN ROM~p
o) AIAr |
8, 71, 56-58, 60 277 NIF 60-87% 212, 213, 279-282
278 NIS
R =Ac, Bz

R'=H, CONH, COOMe, CN

Scheme 9: The synthesis of iodoglycals starting from glycals



3.2.2. Study of the Sonogashira cross-coupling reaction of 2-
iodoglycals and 2-iodo-1-C-substituted glycals
Sonogashira cross-coupling reaction was used for the
synthesis of 2-ethynylglycal derivatives (283, 284), which were
reacted with glycosyl azides 285-287 under CuAAC conditions to
give 1,4-disubstituted-1,2,3-triazoles 289-294 in good and
excellent yields (Scheme 10).

OAc

AcO
OAc e o) TBAF AcO ax Ohc
AcO jax _ 4 e (0]
e o) =—TMS AcO = dry THF AcG 2
ACONE  pyci(PPhy), \ 0°C-nt
I cucl 1-1.5h AN
dry TEA ™S
dry 1,4-dioxane
2124-OAce. 70 °C/Ar 215 4-OAc e. (74%) 283 4-OAc e. (77%)
213 4-OAc ax. 46 h 216 4-OAc ax. (53%) 284 4-OAc ax. (84%)
R: OAc AcO OAc
OAc
AcO AcO 0 o}
OAc R-Ng o Ac0§$/‘{ Acoé&)(
A0 o (285-287) AcON_2 OAc OAc
AcODNL Cu(l) cat.
dry solvent A '\‘f 285 286
\\ rt/Ar N,N 0
1-96 h ) ai OH
283 4-OAcee. 72-98% 289.29 N HO
284 4-OAc ax. 287
Scheme 10: The synthesis of 2-ethynylglycals and their CuAAC
reactions

The Sonogashira cross-coupling of the 2-iodo-1-C-
substituted glycals was optimized for the reaction of the 1-
methoxycarbonyl glycal 280 with phenylacetylene (218, R = Ph)
(Scheme 11).

The effect of the base, the catalyst system and the solvent on
the outcome of the reactions was investigated, and the optimal
conditions were determined as shown in Scheme 11.
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AcO  OAc

AcO OAc Pd,(dba)s/CuCl o
Aco 2 + R—= _ PPho/KeCOs _ AcOM=(00Mme
C COOMe dry 1,4-dioxane \
| 70 °C/Ar N
24 h R
280 218 295, 299, 300
AcO OAc
o AcO OAc
AcO = (0]
COOMe
\ AcO COOMe
T™S
295 (96%) 299 (63%) 300 (62%)

Scheme 11: Sonogashira cross-coupling reaction of iodoglycal
280 with different terminal alkynes

Under these conditions iodoglycal 280 was reacted with
trimethylsilyl acetylene and 2-ethynylglycal 284, too (Scheme 11).

AcO OAc

A
o cO OAc

Qo
TBAF/dry THF AcO s
\ 0°C-rt
\ 0.5h

T™S \\

299 302 (63%)

AcO COOMe

COOMe

OAc
Cu(PPhj),(C3H,COO) AcOé&/
dry DCM AcO Ns

5.5h OAc
285

303 (53%)
Scheme 12: The synthesis of 1,4-disubstituted triazole starting
from 1-C-substituted glycal
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From the coupling reactions the disubstituted acetylene
derivatives 295, 299, 300 were isolated in moderate to excellent
yields (Scheme 11). Silyl protected 299 was used to synthesize 1,4-
disubstituted triazole 303 (Scheme 12).

3.2.3. Study of the Heck reaction of 2-iodo-1-C-substituted
glycal derivatives

The Heck reaction of the 2-iodo-1-C-substituted glycals was
optimized for the reaction of 1-methoxycarbonyl derivative 280
with methyl acrylate. The coupled product 304 was isolated from
the reaction mixture in good yield. During the optimization process
the effect of the base, the catalyst system and the solvent was
investigated, and the optimal conditions were determined (Table 3,
entry 1).
Table 3: Heck reaction of iodoglycals 279-282

ROax OR

RO ax OR e 0
e e} Pd(OAc),/JohnPhos AN
RO, * & COOMe 2 RO R
R K,CO3/dry DMF —
! AlAT COOMe
279-281 D-lixo, 4-ORax. 224  R'= CONH, COOMe, CN 304, 305

282 D-arabino, 4-OR e.

T Time Product
(O (1)) (yield, %)

280 Ac COOMe 90 033 304 (82)
282 Bz COOMe 90 033 305 (49)
279 Ac CONH, 110 45 @

4 281 Ac CN 90 0.25 -

aAccording to the TLC and NMR measurements, only dehalogenation
happened.

No. Glycal R R’

w N

The coupling reaction was also carried out using D-/yxo
configured 1-carbamoyl (279) and 1-cyano (281) glycals, and D-
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arabino configured 1-methoxycarbonyl glycal 282 (Table 3).
Among these substrates, the desired coupled product was isolated
in moderate yield only from the reaction with iodoglycal 282
(Table 3, entry 2).

4. Possible applications

During our research several bifunctional monosaccharide
derivatives, 2-alkenyl- and 2-alkynylglycals and 1,4-disubstituted
triazoles were synthesized. These compounds could be possible
starting materials in the synthesis of compounds with more
complex, carbohydrate containing structures.
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