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Abstract: The chemical synthesis of pyridoxinefBb-glucoside (5B8-PNG) was
investigated using various glucoside donors ananpters. Hereby, the combination of
a4,3-0-isopropylidene pyridoxine, glucose vested withfatént leaving and protecting
groups and the application of stoichiometric amswoftdifferent promoters was examined
with regards to the preparation of the twofold pobéd PNG. Best results were obtained with
2,3,4,6-tetra@-acetyld-glucopyranosyl fluoride and boron trifluoride ethie (2.0 eq.) as
promoter at 0 °C (59 %). The deprotection was agdistmed stepwise with
potassium/sodium hydroxide in acetonitrile/watdlofwed by acid hydrolysis with formic

acid resulting in the chemical synthesis of#NG.

Keywords: Pyridoxine; Vitamin B; Chemical Glycosylation; Chemical Synthesis

1. Introduction

The group of vitamin Bconsists of the three vitamers pyridoxine (PN)idnxal (PL),
pyridoxamine (PM) and their respective phosphoegdatompounds pyridoxine 5'-phosphate
(PNP), pyridoxal 5'-phosphate (PLP) and pyridoxahphosphate (PMP) (Figure 1).[1]
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Figure 1. The group of vitamin Bunites six substrates sharing a 2-methyl 3-hydugridine
structure.
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Furthermore, a glucosylated derivative, pyridoxti¥s-D-glucoside (55-PNG, 1), can be
found in plants as a major fraction of the totalmin B content (Figure 1).[2-4] The
substance was first identified in 1968 during irigggions regarding the metabolism of
pyridoxine in microorganisms.[5] In this study, tin@nsglucosylation of glycosyl-moieties -
sucrose was found to be the most efficient as cadamor amongst other tested saccharides
- to pyridoxine using intact cells &arcina luteaand the isolated enzyme Mlicrococcus
resulted in mainly 5-PNG and small amounts of #PNG. The molecules were verified
via enzymatic hydrolysis and comparison to a chemjicsyinthesized sample.[6-10] The
latter was prepared and isolated as a hexaacetatative according to 8ENIGSKNORR
reaction using a4,3-0-isopropylidene pyridoxine,
2,3,4,6-tetra®-benzylu-D-glucopyranosyl chloride and silver carbonate folkd by
subsequent acetylation.[9] The application of pedit:-glucosidase fronMucor javanicus
with dextrin has been reported in 1996 to resuthaformation of 4'- and %-PNG in an
equimolar ratio with 14 % yield.[11] Also, a mariagou-glucosidase from the anaspidean
mollusc Aplysia fasciatawas tested regarding transglucosylation propert@sards
pyridoxine and showed high selectivity towards3hposition for both mono-of-D-glucose)
and disaccharidexfisomaltose) formation resulting in specificallytrglycoside.[12]

Next to these microorganisms and isolated enzyaiss, fungi of the genu¥erticillium
dahliae were found to catalyze a highly selective (99 ¥@ns$glucosylation towards
5-a-PNG with moderate yield (34 %) from maltodextrising borate as complexing
agent.[13]

Although thex-epimer of 5'-PNG also exhibits nutritional valtlee main fraction (5 - 70 %)
of the total vitamin B content in plant-derived foods consists of flepimer.[14, 15] After
their first identification in 1977 through isolatiofrom rice bran, Yasumoto et al. also
pioneered in the chemical synthesis of f#NG preparing the moleculevia
KOENIGSKNORR synthesis with a yield of 3 % using},3-O-isopropylidene pyridoxine,
2,3,4,6-tetra@-acetylu-D-glucopyranosyl bromide and silver carbonate.[16dkonally,
pyridoxine glycosides were prepared from variousycgsyl donors (e.qg.
p-nitrophenylg-glucoside) utilizing &-glucosidase, which has been isolated and purified
from rice bran[17] or sweet almond[18] beforehamilith the latter, a mixture of
4’-al5'-0l5-f-PNG (20/39/41) was obtained in 36 % (+ 10 %) y{@id] Transglycosylating
properties towards 4'- and&PNG were also detected incubating cellobiose gndaxine
with g-glucosidase (cellobiase) from wheat bran and uamgsolated glucosyltransferase

from popped peaRisum sativumalong with UDP-Glucose and PN.[4, 19] In thisaeha
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variety of glycosidases were tested in glycosyhati@actions using pyridoxine as
substrate.[20]

Various plant seeds.e. soybean, cow pea, jack bean, japanese radishesshicabbage,
spinach, rice, corn, wheat, trefoil and alfalfaguoe PNG during germination.[19, 21-25]
While investigating the formation gFPNGs in germinating seeds of wheat, barley are] ric
the regioselective preference regarding the 4'=umdsition of pyridoxine in certain seeds
was noticed. Seeds of wheat and barley producddtbet4d’ and 5~PNG in the same molar
ratio during the germination. In contrast, ricedsemainly contained the 5’-glucoside, while
the 4’-glucoside was formed only in small amountdaser stages of germination.[11]
Soybean seeds formed onlyBRNG.[24] Furthermore, alfalfa seeds were repoitetieate
unlabeled PNG - the yields ranged from 35-60 %H]-[and FH]-3-PNG.[25-29]

Although there exists a manifold of different medkowith regard to the biotechnological
preparation of pyridoxine glycosides, the chemathway towards this substrate is not
explored well to this day. Hereby, main approachiely on the preparatiorvia
KOENIGSKNORRreaction conditions, but result in rather unsyiigf yields. The aim of this
study was to establish a fundament comprising abua methods regarding the chemical
preparation off-PNG in order to suggest opportunities in the figidhe chemical synthesis
of this molecule as an alternative to the commaniljzed preparatiowia biotechnological
pathways. To achieve this objective, a strategynegaired that would not only compete in
the yield and selectivity of the reaction towartie tdesired molecule, but also in the

simplicity of the preparation steps and time neetiedefor.

2. Results & Discussion

2.1. Synthesis of the glucosyl donors and proteaid®N

In order to establish this methodology, this stfimyused on investigations regarding the
chemical glucosylation of pyridoxine. Thereforeg #tarting materials for the glucosylation
reaction, namely the glucosyl dono81@8) and acceptor2(), were prepared starting from

glucose 2) and pyridoxine hydrochloridel®) and subsequently implemented in a
glucosylation reaction (Scheme 1).
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Scheme 1General depiction outlining the strategy for themical glucosylation of pyridoxine. P =
protecting group (Ac, Bz, Bn, Piv), LG = leavingogp (F, Cl, Br, SEt, SPh, SBox, Imidate).

The hydrophilicity of pyridoxine (PN) shackles thigamin to its solubility in water - and
somewhat ethanol -, a solvent not favorable focgsylation reactions. In order to enhance
its solubility in organic solvents and to improveetselectivity towards 5'-position, the
hydroxyl-groups in 3'- and 4'-position were progecusingp-toluenesulfonic acidpT SA)
and 2,2-dimethoxypropane resulting in the protegigitloxine 0, 96 %, Scheme 2).[30]
The introduction of the acetonide group in the trigbsition was verified by 2D-NMR

measurements.

HO (0) (0] 0
| N OH X OH
@ pTSA, acetone | _
N €] N
H ClI
19 20

Scheme 2The protection of PN proceeded selectively wiftSA and 2,2-dimethoxypropane.

The synthesis of the glucosyl donors started wité peracetylation of glucose, (3;
Scheme 3).[31] Implementation of bromind) (and chlorine §) leaving groups was
accomplished with hydrogen bromide (HBr) or thiorghloride and tin tetrachloride
(SOCL/SnCly).[32-34] Deprotection of the anomeric acetate pgrauas achieved with
ethylene diamine and acetic acid.[35] The util@atiof benzyl amine as selective
anomeric-deprotection reagent[36] required a lomgaction time and higher effort with
regards to the purification of the product. Conitigufrom the free hydroxyl functionality’)
either trichloroacetimidate-glucos®) (could be obtained using trichloroacetonitrile and
DBU or a fluorine leaving group) could have been installed using diethylaminosulfu
trifluoride (DAST).[35, 37]
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Scheme 3Preparation of the glucosyl donors. a)@gcpyridine; b) HBr; c) SOG) SnCl;
d) 2-Mercaptobenzoxazole ,€O;; €) Ethylene diamine, HOAc; f) DBU, NC£lg) DAST,; h)
EtSH/EtPh, Bk OE%; i) NaOMe, MeOH; j) BnBr, NaH; k) BzCl, pyridind); PivCl, pyridine; m)
NBS; n) GO,Br,; 0) DAST.

Thioglycosylation {0, 11) of a peracetylated saccharide can be accomplisiteda variety
of Lewis acidse.g. SnCl, trimethylsilyl trifluoromethanesulfonate (TMSOTHr boron
trifluoride etherate (B§ OEb).[38-40] Furthermore, a SBox-leaving gro@p \Was furnished
using 2-mercapto-benzoxazole and potassium carbdhal In order to investigate the
influence of other protecting groups on the gludatsyn of PN, the remaining acetate groups
had to be cleaved while leaving the thiol-grou@att DeacetylationlQ) was undertaken
according to EMPLEN using sodium methoxide in methanol followed by lmapion of
cation exchange resin (Dowex, 4#brm) during workup.[42] Next, the molecule could
modified with benzyl-protecting group4d5) using benzyl bromide (BnBr) and sodium
hydride (NaH) or benzoyl-groupsly) and pivaloyl-groups 14) using the respective
chlorides (BzCI/PivCl) as starting material withrjgyne. After hydrolysis 16) of the thiol
group withN-bromosuccinimide (NBS), a bromine leaving groupldde introduced with
oxalyl bromide resulting in the 2,3,4,6-tettabenzyla-D-glucopyranoside bromidel).
DAST aided in the synthesis of the fluorinated ygiucosidel?.

2.2. Glucosylation reactions

As part of a first approach, a promoting systemsaimg of the combination of
N-iodosuccinimide (NIS) and different acidic/Lewisidic reagents, namely TMSOTT,
triflic acid (TfOH), BRs- OEb, or various silver or rather copper salts, in ipatar silver

triflate (AgOTTf), silver carbonate (AGO;), silver oxide (AgO) and copper triflate
(Cu(OTf)), was examined (Scheme 4). As for the glucosylodanthio, imidate and
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bromoglucosides were chosen because of their Mersabpe of application, good stability
and simple preparation (Scheme 3).[40, 43-45] d¢ieoto enhance the selectivity towards the
S-product, acetate protecting groups representediriechoice due to their neighbouring

group participation.[46-48]

OAc OAc
Q (0]
AcO AcO
AcO oA SPhl "Aco Br Promoter (0.1 - 0.3 eq.), ° OAc
N OAc (NIS), MS 4A, T, t 5 A
20 + OA AN o OAc
C
o (CHQC'Q) l _ OAc
AcO N
AcO OACOW/ CC|3 21
HN

Scheme 4General reaction scheme for the first glucosyfaipproaches involving
KOENIGSKNORR- and $HMIDT-conditions as well as glucosylations with thioglsides and
depiction of the expected produty.

Variations regarding the reaction conditions focus®t only on switching the leaving
groups and promoter systems. different amounts (0.1 - 0.3 eq.) of promoter wath
without the addition of NIS, but - as further dinsems of variation - additionally on
temperature (- 78, — 30, 0 °C or rt) and time. Unfioately, this set of experiments ended
exclusively in the formation of the orthoester-sttwe22 when NIS was added regardless of

the chosen glucosylation method and reaction camgit(Figure 2, Scheme 5).

(e}
%/ OAc
0 X O/k MOAC
l 0
_— OAc
N

22

Figure 2. First reaction approaches ended exclusively irfdah@ation of the orthoest&?2.

On the other hand, no conversion of the startintgried took place using a promoter-system
without NIS. This was especially salient in theeca$ KOENIGSKNORR conditions, where
the acetylated glycopyranosyl bromidlevas reacted under the addition of silver triflge
eg.) at 0 °C. Hereby, the orthoester was isolatiéid avyield of 48 % while adding NIS (3.0
ed.). On the other hand, no conversion occurretowuit NIS, suggesting a NIS-mediated
formation of the orthoester. The structural disaregy was verifiedvia the number of

carbon-signals related to the acetate-groups it BeNMR spectra - three in case of the
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orthoester versus four in the desired product - anderroneous m/z (= 414 vs. the
sought-after 371) after the following basic depctts of the acetate groups.

The study of orthoesters is profoundly entrenchedthe chemistry of glycosylation
reactions, especially in the preparation of 1,Pdrglycosides where the anchimeric
assistance is utilized in the enhancement fedelectivity. Furthermore, orthoesters
themselves were already pictured as either inteiatesion the way to a desired glycoside or
used as starting materials directly.[49-52] Coiiliratheir formation was connected to an
undesired reaction outcome, too.[53, 54] Their inagon can be traced to the
activator-assisted heterolytic fission of the C-b@nd with formation of an oxonium ion
leading to the generation of a more stable acylmxonon through neighbouring group
participation of the C-2 acyl group and the subsetjattack of the glycosyl acceptor
towards this new electrophilic center (PAthScheme 5).[55-57]

22

Scheme 5The formation of orthoesters occurs through nedginimng group participation.

In this regard, the originally planned utilizatiohthe neighbouring group effect to enhance
the selectivity towards th@product resulted in an undesired reaction outcbeaing only
the orthoester structure, despite the variatiothefreaction conditions and use of Lewis
acids as promoters. In order to circumvent thisblenm, either the impact of the
neighbouring group effect had to be diminished opaiential transformation of the
orthoester into the desired glucosidic structural@ted. Regarding the latter, especially
Lewis-acidic reagents such as TMSOTf are commopplied as aid in the rearrangement
towards the desired product.[49, 50, 58-61] Unfoately, no procedures helped in our case
resulting either in no conversion of PNG while appy mild conditions (0 °C - rt, 0.1 - 1 eq.
of acidic catalyst) or cleavage of the glucosidad in the case of harsh conditions (> rt, > 1

eg. of acidic catalyst, multiple days).
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In order to bypass the neighbouring group effetiyter option that was explored involved
the utilization of the nitrilium effect of acetonie (ACN). Through selective coordination
towards thex-face according to the solvent coordination hypsithehe nucleophilic attack
of the acetate groups can be obviated (Batlcheme 5).[62-64] Although this strategy
being useful with regards to the selectivity of tteaction towards thg-product, the
complete substitution of dichloromethane as thetr@a solvent was not possible due to
reduction in solubility of the starting materiaisaking the addition of ACN in stoichiometric
amounts inevitable. Nevertheless, no orthoestendtion was observed with this procedure
(AgOTf 0.3 eq./NIS 3.0 eq., — 78 °C) and the despeoduct could be isolated, even though
in low yields (20 %).

Glycosylation reactions involving pyridine basedridatives show either a scarce
appearance in the literature[65-67] or are modilgisd in conjunction with nucleotide
synthesis.[68-73] Their utilization as part of atection strategy was also an aspect of
research.[74-76] Optimally, application of low amtaiof promoter (0.1 — 0.3 eq.) suffices
with regards to glycosylation reactions, but sittee activation is mostly performed in an
acid driven approach, the basicity of pyridine datives could exhibit a competing effect
under such conditions.[77, 78] In order to expldhes hypothesis, the introductory
experiments leading to the orthoester were rewigdta stoichiometric amount of promoter

added to the reaction (Scheme 6).

o
OAc Promoter (> 1.0 eq.), AcO o
; o 0
20 + Ai\oﬁwm o) ME A 1L [ OﬂZ\@m
c

onc (CH,Cl) =

21

Scheme 6The initial experiments were repeated with aneased amount of promoter.

Interestingly, this shifted the reaction outcomeardy completely from the formation of the
orthoester Z2) to the desired PNG2(), but also resulted in a highselectivity of the
reaction. Since the mechanism proposedly procerdde departure of the leaving group
and the stabilization of the resulting oxonium fbrough formation of an acyloxonium ion, a
higher amount of promoter - hereby especiallydtélsubstrates - could have an impact not
only with regards to countering the basicity of Pht also providing a shielding effect of the
acyloxonium ion, allowing a selective attack of PN the anomeric position from the
[-side.[46, 79-83] A similar outcome, where an is® (0.1 to 0.25 eq.) of promoter helped

with the conversion of the starting material - altgh with non-pyridine moieties -, was
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observed with TMSOTf and AgOTf.[58, 84] Furthermoaedependence of the orthoester
formation on the temperature was described whilepgming DON-glycosides under
ScHMIDT conditions.[85] It additionally has to be notduhttacetonide protecting groups are
unstable against Brgnsted acids. Due to the Legitieaproperties of the promoters used in
this study, an increase of promoter showed no hartine acetonide group.

Having found a method for the synthesis of therdddPNG, the process of optimization was
addressed next. For this task, halogen, thio adatei glucosideswere utilized in analogy to
the introductory tests (Scheme 6).

First, reactions revolving around the activationt¢hloroacetimidate functionalities8)
with Lewis acids in dichloromethane as solvent waxestigated (Scheme 7, table 1).[86,
87]

OAc Promnoter, %/ ] OAc
MS4A T, t AcO
20 + Acocﬁﬁo s 0] X o 0 OAc
oAc )y~ OCh (CHoCl) » OAC
HN N

8 21

Scheme 7First glucosylation reactions were performed witthloroacetimidate donors.

Hereby, no formation of PNG was observed with eifdSOTf (1.0 eq.) or Sc(OT§)(1.0
eg.) at 0 °C (entry 1/2). Better conversion wastgd with TfOH (1.0 eq., 33 %, entry 3)
and BR-OEb (1.0 eq., 40 %, entry 4), indicating a superidivation of trichloroacetimidate
groups using BE OEb rather than TMSOTT(.[84]

Table 1.Reaction conditions for the imidate glucosides.

entry substrate promoter [eq.] T [°C] yield [%)]

1 8 TMSOTf 1.0 0

2 8 Sc(OTf 1.0 0

3 8 TfOH 1.0 0 33
4 8 BFs OEb 1.0 0 40
5 8 BFs OEb 1.0 rt 11
6 8 BF»OE;1.0 -78 32
7 8 BFs OEb 1.5 0 42

Lowering (- 78 °C) and raising (rt) the reactiomfeerature led to lower yields (32 resp. 11
%, entries 5/6). Furtherly increasing the amounpraimoter stimulated no higher reaction
outcome (42 %, entry 7). All performed reactiond #electively to thg-anomer and no

formation of thex-anomer could be detected. Furthermore, monitdhageactionsia TLC
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indicated that most of the reaction took place ryrihe first 12 hours and a prolonged
reaction time did not result in a further changéhef reaction mixture.

Thiol derivatives are established leaving groupghemical glycosylations, having gone
through extensive research and thus making themepolwtools in carbohydrate

chemistry.[88] Hence, they were included in thissey (Scheme 8).

opP Promoter, NIS, %/O oP
MS 4A, T, t PO
20 + Poo/ééﬂ,sph/ssox _— O X o~ =0 oP

P
OP (CH,CIy) | P oP

N
6,10,13 -15 21,23-25

Scheme 8Thioglucosides were investigated next as partisfgurvey.

While applying the same reaction conditions {BFEb 1.0 eq., entry 3, table 2) as with
imidate groups, the glucosylation of phenyl
2,3,4,6-tetra@-acetyl-1-thiog-D-glucopyranoside(10) proceeded in approximately the
same yield (38 %), whereas TfOH (1.0 eq., entripdieased the outcome of the reaction (48
%). Also, both raising (rt, entry 5) and lowering {8 °C, entry 6) the temperature led to
lower yields (29 and 19 %, respectively) in accaaato imidate donors outlined above and
no activation of the donor was achieved with TMSQII.D eq., entry 1) or AgOTf (1.0 eq.,
entry 2) at O °C.

Table 2.Reaction conditions for the thioglucosylations.

entry substrate promoter [eq.] T [°C] vield [%] a/f

1 10 TMSOTf 1.0 0 - -
2 10 AgOTf 1.0 0 -

3 10 BF:- OEb 1.0 0 38 p

4 10 TfOH 1.0 0 48 B

5 10 TfOH 1.0 rt 29 Vi

6 10 TfOH 1.0 -78 19 B

7 10 TfOH 1.0 0 -

8 15 TfOH 1.0 -78 40  76/24
9 15 TfOH 1.0 0 55 7426
10 13 TfOH 1.0 0 15 B

11 14 TfOH 1.0 0 16 B

12 6 TMSOTf 1.0 0 -
13 6 BF:- OEb 1.0 0 -

14 6 AgOTf 3.0 rt 35 B

15 6 TfOH 1.0 0 47 B

2 all reactions (except 7) were carried out with&yONIS.
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Furthermore, no product could have been isolat#ding IBr as alternative iodine source
(entry 7).[89] All reactions were carried out wihd without the addition of NIS (3.0 eq.) as
additive as part of this survey, although no cosier occurred in the latter case (table 2). In
addition to the electron-withdrawing acetate-grqugso the influence of benzyli1%),
benzoyl- (3) and pivaloyl-groups14) in combination with TTOH/NIS as promoter was
examined. In comparison, benzoyl- (15 %, entrydj pivaloyl-groups (16 %, entry 11)
hampered the glycosidic bond formation, while tpel@ation of benzyl groups, although
generating a bigger amount of PNG at 0 °C (55 %ye), resulted in an anomeric mixture
of approximately/f = 3/1 independent of the reaction temperature8(+J °C).

A modern approach regarding the aspect of vensaiii glycosylation reactions was
undertaken by Demchenko introducing SBox-leavirmugs, which combine the electronic
effects and activation properties of thiol and iat&lgroups.[90-95] When integrating them
(6) into this study, the addition of 3.0 eq. AQOT5(®, entry 14) at rt and 1.0 eq. TFOH at O
°C (47 %, entry 15) both formed the product, whibeconversion of the starting material was
observed with TMSOTT (1.0 eq., entry 12) orsBBEb (1.0 eq., entry 13) at 0 °C. Although
being frequently found in the literature as promdte SBox-leaving groups, the lack of
reactivity utilizing TMSOT( states a common agreemeith the reactions involving imidate
and thioglycosides. In this regard, the insufficierof BR;- OEL stands in contrast to the
previous experiments.

After scoping imidate and thiol substrates, hal@gepresented the third party of leaving
groups investigated during this study (Scheme 9).

OP Promoter, (NIS), %/O op
MS 4A, T, t PO
0 b oP
PO 0 ZF@
20 + P&IJ‘X I AN o”

opP (CH,Cly) P
N
X = Br/CI/F 21,23
4,5,9,17,18

Scheme 9Halogen glucosides were investigated as lastgidhis study.

The first experiments were built around the vaoibf reaction conditions with broming) (

as leaving group. Since a higher amount of prombiaedered the formation of the
orthoester, a preliminary reaction was performeith igOTf (1.0 eq.) and NIS (3.0 eq.) as
promoter system at 0 °C, resulting in sparse ansoahproduct (21 %, entry 1, table 3).
Again, in analogy to the activation of the thiobgps, no reaction was observed without NIS
while utilizing bromine as leaving group. On thdat hand, a trial using solely NIS as

promoter resulted in no conversion of the startmgterial, making this reaction type
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interesting, since the addition of NIS as co-prana mostly known for thioglycosylations.
Increasing the amount further to three equivalehfsromoter led to nearly a duplication of
the obtained yield (40 %, entry 2). Variation of temperature both to a lower (- 78 °C, 30
%, entry 3) and higher (rt, 32 %, entry 4) degesktb less product in comparison.

Table 3.Reaction conditions for the glucosylations withrarhine leaving group.

entry substrate promoter [eq.]° T[°C] vyield [%] alf

1 4 AgOTf 1.0 0 21 B
2 4 AgOTf 3.0 0 40 B

3 4 AgOTf3.0 -78 30 B

4 4 AgOTf 3.0 rt 32 B

52 4 AgOTf 3.0 rt 48 B

6" 4 AgOTf3.0 -78

7 4 Ag,CO; 3.0 0

8 4 Ag,0 3.0 0

9 4 Cu(OTf), 1.0 0

10 4 AgOTf 3.0 0

11 18 AgOTf 3.0 0 37 75/25
12 18 AgOTf 3.0 rt 56 75/25

22 eq. substrat&; THF used as solverftall reactions (except 10) were carried out with&j. NIS

No formation of the glucoside occurred by switchingtetrahydrofuran (THF) as solvent
(entry 5) and increasing the amount of substrat@® €2.) gave a slightly higher outcome
compared to 1.2 equivalents (48 %, entry 6). Ina of different promoters, silver oxide
(Ag20, entry 8), silver carbonate (AQ0s, entry 7) and also copper triflate (Cu(QJJ &ntry

9) all led to no conversion of the starting matleata °C. IBr as alternative additive resulted,
corresponding to the thiol experiments, in no PN@riation (entry 10). Switching from
acetate to benzyl protecting groufi)(expectedly increased the yield (56 %, entry bR},
led in a similar manner as the benzylated thiolalemo an anomeric mixture/y = 75/25).
Lowering the temperature (0 °C) decreased the yefidrarily to the obtained results using
‘deactivating’ groups (37 %, entry 11).

Applications of a chloride leaving group in gluctzion reactions are seldom and often
considered less powerful in comparison to the ollogens. In order to compare them to
the ‘classic’ KOENIGSKNORR leaving group (table 3), a few experiments werdqoered
within this study (table 4). Amongst the testedmpaoters, only AgOTf (37 %, 0 °C, entry 4)
in combination with NIS worked out leading to aa#an outcome in the same range as the
bromoglucoside (entry 2, table 3). Lowering the penature (- 78 °C) resulted in nearly the

same yield (36 %, entry 5), while increasing thregerature (40 °C, entry 6) and substitution



302 with IBr (1.1 eq., entry 7) led to no product fottima. Tests with TfOH, B OEt and
303 TMSOTf showed no conversion of the starting mat€eatries 1-3).

304 Table 4.Reaction conditions for the glucosylations withariie as leaving group.

entry substrate promoter [eq.]* T [°C] vyield [%] a/f
1 5 TfOH 2.0 0 - -

2 5 BF;-OEt 2.0 0 - -
3 5 TMSOTf 2.0 0 - -
4 5 AgOTf 3.0 0 37 R
5 5 AgOTf3.0 -78 36 B
6 5 AgOTf 3.0 40 - -
7 5 AgOTf 3.0 0 - -
305 %all reactions (except 7) were carried out with &0 NIS

306 Since the first introduction of fluorine as leavigigpups in order to enhance stereoselectivity
307 during glycosylation reactions due to assumed lawactivity compared to thioglycosides,

308 their application in the field of chemical glycoaifbns rose constantly.[96]

309 Table 5.Reaction conditions for the optimization of theoflaglucosylation.

entry substrate promoter [eq.] T[°C] vyield [%] alf

1° 9 TMSOTf 2.0 0 - -

2 9 SnCh 2.0 0 - -

3° 9 AgOTf 3.0 0 - -

4 9 TfOH 2.0 0 - -

5 9 BF;-OEt 1.0 0 - -

6° 9 BF;-OEt 1.0 0 - -

7 9 BF;;OE52.0 O 59 Vi

8 9 BF;-OEt 6.0 0 59 S

9 9 BF;OEL6.0 - 78 40 Vi

10 17 BF;-OEb 2.0 0 65 71/29

11 17 BF;-OEL 2.0 -78 63 75/25

12 17 BF;;OE52.0 O 58  46/54

13 17 BF;;OEL05 0 - -

14 17 TMSOTf 0.5 0 - -

15 17 TfOH 0.5 0 - -

16 17 S:;élé?’ 0 48 71729
310 2 the reaction was also performed with NIS, but ltesuin the same yield® ACN as solvent®
311 reactions were carried out with 3.0 eq. NIS.

312 The first reactions with the fluoroglucosi€élevere performed with acetate protecting groups
313 and a stoichiometric amount of various promotersioAg the latter were TMSOT{[97]
314 (2.0 eq., entry 1, table 5), SnGR.0 eq., entry 2), AgOTf (3.0 eq., entry 3) arf®H (2.0
315 eq., entry 4), which all led to no formation of guzt. Also, first experiments with BFOEb
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(1.0 eq., entry 5), with and without (entry 6) tddition of NIS, bore no fruits. Only with the
further increase of the amount of promoter to twaiealents, the reaction with BFOEb
resulted in the desired glucoside in good vyield ¥g§9entry 7). A further increase of
BF3;- OEb (6.0 eq., entry 8) did not improve the amountltined product (59 %). Carrying
out the reaction at — 78 °C gave less PNG (40 %y &). In analogy to the thiol and bromine
experiments, benzyl groups were tested in comlmnatiith fluorine as leaving groud?).
Likewise, the reaction outcome grew in comparisoadetate groups using two equivalents
of BF;-OEg at 0 °C and — 78 °C (65 resp. 63 %, entry 10 / @) resulted in an anomeric
mixture of approximately:/f = 3/1 due to the lack of the neighbouring effeat dahe
anomeric effect taking over. Utilizing acetonitries solvent shifted the reaction slightly
towards thes-anomer (58 %gp/f = 46/54, entry 12). Furthermore, low amounts @& th
promoters TfOH, TMSOTf and BFOEt (0.5 eq., entries 13 — 15) were tested with
fluorobenzyl donors, but led to no conversion of starting material. Lastly, stannous
chloride in combination with silver perchlorate weasamined, but resulted in a lower yield
compared to the other experiments (48 %, entry 16).

After scoping various pathways towards the fornrabbthe glyosidic bond, the last step of
this study revolved around the deprotection of élsetonide and acetate/benzyl groups.
Because of the stability of acetate groups in aaiedium and the stability of the acetonide
group under alkaline conditions, a two-step deptaia procedure had to be applied to the
acetate protected PN@1). Benzyl groupsZ3) could be cleaved with the aid of palladium
and hydrogen (Scheme 10).

21, P=Ac

(6] HO
0o oP 1. KOH, NaOH Ho OH
oP 2. 1% HCOOH, reflux HO
O A o NZ@ o N O%OH
| P op 23, P=Bn _ OH
N 1. Pd/C, H, N
1

2. 1% HCOOH, reflux

21,23

Scheme 10The deprotection of PNG involved a two-step praced

Application of a mild procedure involving pH-conitrith aqueous solutions of potassium
and sodium hydroxide followed by cleaving the an&te group in a slightly acidic media at
higher temperatures led to the deprotected PNGi{ quantitative yield. Also, the
hydrogenation with palladium and hydrogen followsdthe acid deprotection proceeded
with the same excellent yield. The validity of theomeric outcome was verified by
NMR-spectroscopy and the transformation witglycosidase from almonds was followed
by HPLC-analysis.
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Closing the circle back to the requirements theppsed method should feature, the
arrangement with the literature regarding aspe&es yield and working effort seems
adequately comparable, since biotechnological nustieng. utilizing Alfalfa seeds, result
also in yields ranging from 35 — 60 %.[29] Furtherm biotechnological methods for the
preparation of-PNG suffer from the detriment of arduous upscaliingiting the methods to
microgram batches, whereas the proposed methodecaoaled up quite simply, especially
since the starting materials are cheap and eaggsibte, making it an interesting alternative
for the synthesis of isotopically labeled standafdso, with this study, only a first glance of
the chemistry behind the glycosylation of pyridexis given, providing the opportunity to
increase the yield even further by testing othavileg groups or modifying the reactivity of
the substrates.[98] Additionally, this method canused to further scout the influence of

pyridine-based derivatives in glycosylation reaati@nd their influence on the mechanism.

3. Conclusions

The catalog of procedures entitled ‘chemical glytatsons’ contains a manifold of various
methods and hereby, every known strategy also ilsharmerous variables for the specific
adaptation towards the particularly investigatellstiate. As part of this study, a small part
of well-known strategies was examined in order ¢valiop an alternative preparation of
pyridoxine glycosides to the common biotechnologmacedures and furthermore open
avenues for additional investigations regardinggiiyeosylation of vitamin B Hereby, best
conversions of the acetonide-protected pyridoxieeewobtained using fluoroglucosides in
combination with acetate protection groups and-BIE} (2.0 eq.) as promoter generating
the twofold protected PNG in 59 % vyield. Thereupth deprotection was accomplished
stepwise through change of basic and acid milieabtain the desired B-PNG.

4. Materials and Methods

4.1. Experimental procedures

Reactions sensitive to air or moisture were caraetlin dried glassware under a positive
pressure of argon using stand&chlenkechniques. Solvents were distilled and stored over
molecular sieves prior to use. Chemicals receiveninf commercial sourcesA¢ros
Sigma-Aldrich Fluka, Fisher Scientifif were used without further purification unlesgestia
otherwise. p-Glucosidase from almonds was purchased from Sigldaeh. Column
chromatography was performed on silica gel 60 (Me&30-240 mesh) with the eluent
mixtures given for the corresponding proceduresn-Tayer Chromatography (TLC) was

performed using silica-coated aluminium platesgaigel 60). The substances were detected
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by UV (1 = 254 nm, 366 nm) or after visualization with CA{derium ammonium
molybdate)/potassium permanganate (KM)ygolution. NMR spectra were recorded either
on aBrukerAV lll system (400 MHz, Bruker, Rheinstetten, Genyipor on a Bruker AV llI
system (500 MHz, Bruker, Rheinstetten, Germaty).and**C NMR spectra were recorded
at 400 or 500 MHz and at 101 or 126 MHz, respebtivi and**C NMR spectroscopic
chemical shift®$ are reported in parts per million (ppm) relative¢sidual proton signal. All
coupling constants]] are reported in Hertz (Hz). The following abbeions were used to
explain multiplicities: s = singlet, d = doublet] & doublet of doublets, t = triplet, m =
multiplet. LC-MS/MS was carried out on a ShimadzC-B0A Prominence system
(Shimadzu, Kyoto, Japan) with the mobile phase dpatlons water/acetonitrile or
water/methanol. The injection volume was 1 pL. T was interfaced with a triple
guadrupole ion trap mass spectrometer (LCMS-8030m&dzu, Kyoto, Japan). Data
acquisition was performed with LabSolutions sofevar80 (Shimadzu, Kyoto, Japan). The
optical rotation was measured on a P3000 polarinisteKruess. All preparations of the

sugar donors can be found in the supplementarynreton.

4.1.1. General procedure for glucosylation reactidil)

A mixture of o4,3-O-isopropylidene pyridoxine, the respective sacasand molecular
sieves (4 A) was stirred under argon atmosphedgyirsolvent (5 mL) at rt for 1 h before it
was cooled to the respective temperature T. Thenprer was added and the reaction
mixture allowed to reach rt overnight. The mixtuvas diluted with dichloromethane (10
mL) and filtered through a pad of celite. Afterwsythe filtrate was washed with }&0;
(10 % in water, 30 mL) and the aqueous phase waaated with dichloromethane (3 x 40
mL). The combined organic layers were washed wigtilléd water (1 x 50 mL), brine (1 x
50 mL) and dried over N8QO,. The solvent was evaporated under reduced preasdrthe
crude product subjected to column chromatograpimgusSiG; (pentane/ethyl acetate 1/1 to

1/4, gradient elution) followed by C18 (methanebadratic) to afford the glucoside.

4.1.2. General procedure for deprotection reacti¢hg)

A solution of potassium hydroxide (1 M) was addedpavise to a solution of protected
glucoside in acetonitrile/water (8 mL, v/v = 1/Xjtiithe pH reached 11. After 1 h at pH = 11,
0.5 mL of a 2 M NaOH-solution were added and thetane stirred at rt until completion of
the reaction (ESI-MS). The solvent was evaporatedeu reduced pressure, the residue
suspended in a solution of abs. EtOH / 1% HCOOIh(5 v/iv = 0.6 mL/4.4 mL) and the
reaction heated to reflux for 1.5 h. The solvens waaporated under reduced pressure and
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the crude product purifieda column chromatography using Sephadex (metharaasic)
and preparative HPLC (C18, water/acetonitrile 90i4@cratic) to obtain the glucoside.

4.1.3. 2,3,4,6-Tetra-O-acetyhd-glucopyranosyl bromidedj

HBr (33 % wt in acetic acid, 8.88 g, 6.25 mL, 10ihol, 86 eq.) was added dropwise to a
cooled solution (0 °C) of 1,2,3,4,6-peraacetylo/s-D-glucopyranoside 3, 0.50 g,
1.28 mmol, 1.00 eq.) in dichloromethane (10 mL) atdted for 3 h at rt. Ice water (50 mL)
was added to the mixture and the aqueous phasextrasted with dichloromethane (3 x 50
mL). The combined organic layers were washed with% NaS,0Oz; (1 x 75 mL), sat.
NaHCG; (3 x 75 mL), brine (1 x 75 mL) and dried over,H@y. The solvent was evaporated
under reduced pressure and the crude product tizestiafrom diethylether/pentane to
afford the halogenated substrate (0.44 g, 1.12 m®8c}).*H-NMR (360 MHz, CDC}, 292

K) a-Anomerd (ppm) =6.61 (d, J = 4.0 Hz, 1 H), 5.56 (t, J =dZ7 1 H), 5.16 (t, J = 9.8 Hz,

1 H), 4.84 (dd, J = 10.0, 4.1 Hz, 1 H), 4.35-4.27 2 H), 4.15-4.10 (m, 1 H), 2.10 (s, 3 H),
2.10 (s, 3 H), 2.05 (s, 3 H), 2.03 (s, 3 HE-NMR (101 MHz, CDGJ, 292 K)a-Anomers
(ppm) =170.6, 170.0, 169.9, 169.6, 86.7, 72.38,710.3, 67.3, 61.1, 20.81, 20.8, 20.8, 20.7;
ESI-MS m/z 411.2 [M + H} Anomeric ration/s = 100/0.[99]

4.1.4. 2,3,4,6-Tetra-O-acetytd-glucopyranosyl chlorides)

Thionyl chloride (1.22 g, 0.74 mL, 10.2 mmol, 26§.) and Tin(IV)chloride (1.33 g, 0.59
mL, 5.12 mmol, 1.00 eq.) were added dropwise to @alutisn of
1,2,3,4,6-pent®-acetylu/f-D-glucopyranoside 3, 2.00 g, 5.12 mmol, 1.00 eq.) in
dichloromethane (30 mL) and stirred for 2 h aThe mixture was added to a cold solution of
sat. NaHCQ@ and the agueous phase was extracted with dich&it@ne (3 x 50 mL). The
combined organic layers were washed with brine {>mL) and dried over N8O, The
solvent was evaporated under reduced pressurehanctude product purifiedia column
chromatography (hexane/ethyl acetate = 3/2) toilte desired product (1.83 g, 4.99
mmol, 97 %)*H-NMR (360 MHz, CDC}, 292 K)a-Anomers (ppm) = 6.29 (dJ) = 4.0 Hz,

1 H), 5.55 (tJ=9.7 Hz, 1 H), 5.13 (11 = 9.7 Hz, 1 H), 5.01 (dd,=10.1, 4.0 Hz, 1 H), 4.31
(d,J=11.8Hz, 2 H), 4.13 (d,=10.5 Hz, 1 H), 2.10 (s, 3 H), 2.09 (s, 3 H)A&(®, 3 H), 2.03
(s, 3 H);®*C-NMR (101 MHz, CDGJ, 292 K)a-Anomerd (ppm) = 170.6, 170.0, 170.0,
169.6, 90.2, 70.8, 70.5, 69.5, 67.5, 61.2, 20.8,,2D.7, 20.6; ESI-MS m/z 388.8 [M + Na]
Anomeric ratioo/f = 100/0; R0.43 (pentane/diethyl ether 1/1) [CAM].[32]

4.1.5. Benzoxazolyl 2,3,4,6-tetra-O-acetyl-1-thiD-glucopyranosideq)
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A solution of 2,3,4,6-tetr@®-acetylu-D-glucopyranosyl bromided( 1.00 g, 2.43 mmol, 1.00
eq.) in dry acetone (2.5 mL) was added to a suspeins 2-mercaptobenzoxazole (0.51 g,
3.40 mmol, 1.40 eq.) and potassium carbonate @.8740 mmol, 1.40 eq.) in acetone (7.5
mL) at 40 °C. The reaction was stirred at the dlyademperature for 2.5 h and at rt
overnight. Dichloromethane (30 mL) was added, theture washed with 1 % NaOH (25
mL) and dist. water (2 x 25 mL), dried overJS&, and the solvent removed under reduced
pressure yielding the product, which could be wsgklout further purification (1.07 g, 2.22
mmol, 91 %).*H-NMR (360 MHz, CDC}4, 292 K)§ (ppm) = 7.68 — 7.58 (m, 1 H), 7.50 —
7.44 (m, 1 H), 7.35—7.27 (m, 2 H), 5.704¢; 10.4 Hz, 1 H), 5.36 (8= 9.3 Hz, 1 H), 5.31
—5.13 (m, 2 H), 4.28 (dd,= 12.5, 4.7 Hz, 1 H), 4.14 (dd= 12.5, 2.2 Hz, 1 H), 3.96 (ddd,
J=10.1, 4.7, 2.3 Hz, 1 H), 2.05 (s, 3 H), 2.043(8{), 2.03 (s, 3 H), 2.01 (s, 3 H{C-NMR
(101 MHz, CDC4, 292 K)o (ppm) = 170.7, 170.1, 169.5, 169.5, 161.0, 15241,4, 124.7,
124.7, 119.0, 110.3, 83.5, 76.5, 73.8, 69.7, 6&1M, 20.8, 20.7 (3x); ESI-MS m/z 504.10
[M + Na]*.[92]

4.1.6. 2,3,4,6-Tetra-O-acetghd-glucopyranosyl fluoride9)

A cooled (0 °C) solution of 2,3,4,6-tet@acetyluo/f-D-glucopyranoside?, 0.51 g, 1.46
mmol, 1.00 eq.) in dry dichloromethane (12 mL) vaiisred for 20 min with molecular
sieves (4 A) before diethylaminosulfur trifluorigPAST) (0.27 g, 0.22 mL, 1.68 mmol,
1.15 eq.) was added and the solution was allowaatm to rt over 2.5 h. After dilution with
dichloromethane (20 mL) and filtration through alp silica gel, the organic phase was
washed with sat. NaHCG{2 x 50 mL), dist. water (3 x 50 mL), brine (1 & B1L) and dried
over NaSQ,. The solvent was evaporated under reduced pressuréhe crude product
crystallized from diethyl ether/pentane to affdrd halogenated product (0.35 g, 0.99 mmol,
68 %).'H-NMR (360 MHz, CDC}4, 292 K)A-Anomers (ppm) = 5.36 (ddJ = 52.0, 6.0 Hz, 1
H), 5.27 —5.16 (m, 2 H), 5.16 — 5.05 (m, 1 H),14-34.18 (m, 2 H), 3.90 (ddi~ 7.6, 4.7, 2.3
Hz, 1 H), 2.10 (dJ = 2.7 Hz, 6 H), 2.04 (d] = 2.8 Hz, 6 H)}*C-NMR (101 MHz, CDG},
292 K)p-Anomerd (ppm) = 170.7,170.1, 169.4, 169.2, 106.3)(d,219.7 Hz), 72.2 (d =
3.9 Hz), 71.9 (d)=8.3 Hz), 71.3 (d) = 28.7 Hz), 67.5, 61.9, 20.8, 20.7, 20.7, 20.7:ES
m/z 373.3 [M + Nal.[35]

4.1.7. Phenyl 2,3,4,6-tetra-O-acetyl-1-thien-glucopyranosidelQ)

BFs-ELO (16.6 mL, 130.7 mmol, 3.00 eqg.) was added to alecb (0 °C) solution of
peracetylated glucos&,(17.0 g, 43.6 mmol, 1.00 eq.) in dichloromethat&0(mL) in one
portion. Thiophenol (PhSH, 6.67 mL, 65.3 mmol, 1&f) was added dropwise to the
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reaction mixture at 0 °C, followed by stirring atuntil completion of the reaction (TLC).
The mixture was diluted with dichloromethane (50 amd successively washed with sat.
NaHCG; (100 ml) and brine (100 ml). The organic layer wigied over NgSQO, and the
solvent evaporated under reduced pressure. Puoficaia column chromatography
(pentane/ethyl acetate = 3/2) gave the desiredustdd3.7 g, 31.1 mmol, 71 %H-NMR
(360 MHz, CDC}, 292 K)o (ppm) = 7.46 (m, 2 H), 7.29 (m, 3 H), 5.20Jt 9.3 Hz, 1 H),
5.01 (t,J=9.8 Hz, 1 H), 4.94 (1 = 9.5 Hz, 1 H), 4.69 (d] = 10.1 Hz, 1 H), 4.30 — 4.01 (m,
2 H), 3.70 (m, 1 H), 2.05 (s, 3 H), 2.05 (s, 3 HP9 (s, 3 H), 1.96 (s, 3 HY*C-NMR (101
MHz, CDCk, 292 K)o (ppm) = 170.5, 170.1, 169.4, 169.2, 133.1, 13128,9, 128.4, 85.7,
75.8, 73.9, 69.9, 68.2, 20.7, 20.7, 20.6, 20.6; ORBO (pentane/ethyl acetate 3/2)
[KMNnO,4].[100]

4.1.8. Ethyl 2,3,4,6-tetra-O-benzoyl-1-thi(s-D-glucopyranosidel3d)

Benzoyl chloride (BzCl, 0.28 g, 0.23 mL, 1.96 mm&KO0 eq.) was added dropwise to a
solution of ethyl 1-thio/f-D-glucopyranosidel?, 103 mg, 0.46 mmol, 1.00 eq.) in pyridine
(5 mL) over 15 min and the mixture was stirredtdbr 12 h. Distilled water (5 mL) was
added to the reaction at 0 °C and it was dilutetl wichloromethane (10 mL). The aqueous
phase was extracted with dichloromethane (3 x 10 ifthe combined organic phases were
washed with sat. CuS@3 x 50 mL), dist. water (2 x 50 mL), brine (1 8 B1L) and dried
over NaSQ,. The solvent was evaporated and the crude prosiulgiected to column
chromatography (pentane/ethyl acetate = 6/1) taiokihe desired product (285 mg, 0.41
mmol, 89 %) as colorless oitH-NMR (360 MHz, CDC}, 292 K) a-Anomer d (ppm)
=8.11-7.80, 7.62-7.27 (m, 20 H), 6.07)t 9.87 Hz, 1 H), 5.94 (d= 4.2 Hz, 1 H), 5.68 (t,
J=28.00 Hz, 1 H), 5.50 (dd,= 10.2, 5.78 Hz, 1 H), 4.89-4.88 (m, 1 H), 4.59](d 2.81 Hz,

1 H), 4.53 (dJ =5.45Hz, 1 H), 2.67-2.58 (m, 2 H), 1.25J& 6.00 Hz, 3 H)3-Anomerd
(ppm) = 8.11-7.80, 7.62-7.27 (m, 20 H), 5.93&,9.57 Hz, 1 H), 5.67 (1 = 9.79 Hz, 1 H),
5.57 (t,J=9.72 Hz, 1 H), 4.86 (d] = 9.96 Hz, 1 H), 4.63 (dd,= 12.2, 3.16 Hz, 1 H), 4.50
(dd,J=12.2,5.44 Hz, 1 H), 4.19-4.16 (m, 1 H), 2.83(, 2 H), 1.26 (t)=7.46 Hz, 3
H); *C-NMR (101 MHz, CDGJ, 292 K)-Anomers (ppm) = 166.3, 166.0, 165.4, 165.3,
130.3, 130.0, 130.0, 129.9, 129.9, 129.8, 129.9,(01,2128.9, 128.6, 128.6, 128.5, 128.5,
128.4, 84.1, 76.5, 74.3, 70.8, 69.8, 63.5, 24.61;15SI-MS m/z 663.3 [M + N&] R; 0.39
(), 0.25 @, dichloromethane/methanol 9/1) [CAM].[101]

4.1.9. Ethyl 2,3,4,6-tetra-O-pivaloyl-1-thp-glucopyranosideld)
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Pivaloyl chloride (PivCl, 0.44 g, 0.45 mL, 3.65 mimd.80 eq.) was added dropwise to a
solution of ethyl 1-thiax/$-D-glucopyranosidel2, 0.11 g, 0.47 mmol, 1.00 eq.) in pyridine
(0.50 mL). The reaction mixture was stirred at Tofér 48 h. Methanol (5 mL) was added
and the mixture was diluted with dichloromethan@ (iL). The mixture was washed with
sat. CuSQ@ (4 x 50 mL), dist. water (2 x 50 mL), brine (1 @ B1L) and dried over N&Q,.
The solvent was evaporated under reduced pressuregha crude product objected to
column chromatography (pentane/ethyl acetate =.1®09/1) to obtain the desired product
(198 mg, 0.35 mmol, 75 %) as colorless Bil:NMR (400 MHz, CDC}) f-Anomerd (ppm)
=5.33(tJ= 9.4 Hz, 1 H), 5.12 (1= 9.8 Hz, 1 H), 5.07 (1= 9.7 Hz, 1 H), 4.51 (dl= 10.1
Hz, 1 H), 4.22 (dd)=12.3, 1.9 Hz, 1 H), 4.05 (ddl=12.4, 5.5 Hz, 1 H), 3.73 (dddl= 10.2,
5.5,1.9Hz,1H),2.84-2.56 (m, 2 H), 1.26 ()31.22 (s, 9 H), 1.17 (s, 9 H), 1.15 (s, 9 H),
1.11 (s, 9 H)}*C-NMR (101 MHz, CDGCJ) s-anomers (ppm) = 178.2, 177.3, 176.7, 176.6,
83.6, 76.6, 73.4, 69.7, 68.0, 62.3, 39.0, 38.9,388.8, 27.3, 27.3, 27.2, 24.0, 15.1; ESI-MS
m/z 583.4 [M + Na], 599.4 [M + K[; R 0.83 @), 0.75 8, pentane/ethyl acetate 9/1)
[CAM].[102]

4.1.10. Phenyl 1,2,3,4,6-tetra-O-benzyl-1-thio-glucopyranosidel’)

A solution of sodium methoxide (NaOMe, 30 % in Me@/78 mL) was added to a solution
of phenyl 2,3,4,6-tetr®-acetyl-1-thiog-D-glucopyranoside 10, 5.00 g, 11.3 mmol, 1.00
eg.) in dry methanol at rt and stirred until con@leonversion of starting material (TLC).
Afterwards the reaction mixture was neutralizechgddowex 5W (H-Form), filtered and
the solvent evaporated under reduced pressureoftaened glucopyranoside (3.06 g, 11.2
mmol, 1.00 eq.) was dissolved in dry DMF (150 mhgl ahe reaction mixture cooled to 0 °C.
Sodium hydride (NaH, 60 %, 4.49 g, 112 mmol, 1@0 &as added portionwise and the
resulting slurry mixed for additional 30 min at Iaamperature while warming up. Benzyl
bromide (BnBr, 19.2 g, 13.3 mL, 112 mmol, 10 egasvadded at room temperature and the
mixture stirred for 22 h. The solution was cooledt°C and cold dist. water (100 mL) was
added slowly. The aqueous phase was extracteddigthoromethane (3 x 50 mL). The
collected organic phases were washed with disem{@tx 50 mL) and brine (1 x 50 mL),
dried over NgSQO, and the solvent evaporated under reduced presEneecrude product
was purifiedvia column chromatography (pentane/ethyl acetate ©.3PpAo obtain the
desired product as white solid (6.09 g, 9.62 m@®6 over two steps)H-NMR (360 MHz,
CDCl3, 292 K)g-Anomerd (ppm) = 7.60 (m, 2 H), 7.41 — 7.19 (m, 23 H), 4:92.81 (m, 4
H), 4.74 (dJ = 10.3 Hz, 2 H), 4.68 (d, = 9.7 Hz, 1 H), 4.64 — 4.54 (m, 3 H), 3.80 (dc;



542 10.9, 2.1 Hz, 1 H), 3.76 — 3.63 (m, 3 H), 3.52 2ni}); “*C-NMR (101 MHz, CDCJ, 292 K)
543  p-Anomerd (ppm) = 138.5, 138.4, 138.1, 133.9, 132.0, 12928.4, 128.6, 128.5, 128.5,
544 128.4,128.3,128.0,128.0,127.9, 127.8, 127.7,6,87.5, 86.9, 80.9, 79.2, 77.9, 75.9, 75.5,
545 75.2, 73.5, 69.1; ESI-MS m/z 654.1 [M + NaR 0.61 + 0.69 (pentane/diethyl ether 2/1)
546 [KMnO4].[100]

547 4.1.11. 2,3,4,6-Tetra-O-benzyls-D-glucopyranosy! fluoridel(7)

548 Diethylaminosulfur trifluoride (0.28 g, 1.74 mmdl,20 eq.) was added to a cooled (0 °C)
549 solution of 2,3,4,6-tetr®-benzylu/f-D-glucopyranosel, 0.78 g, 1.45 mmol, 1.00 eq.) in
550 dichloromethane (10 mL) and stirred for 1.5 h. Teaction mixture was diluted with
551 dichloromethane (10 mL) and filtrated through a p&€elite. The filtrate was washed with
552 sat. NaHCQ@ (2 x 20 mL), dist. water (3 x 20 mL) and brinex(20 mL), dried over N&O,
553 and the solvent evaporated under reduced pres$Shescrude product was purifieda
554  column chromatography (pentane/ethyl acetate 8/a@btain the desired product as as white
555 solid containing both the- andg-anomer (0.72 g, 1.33 mmol, 92 %J-NMR (360 MHz,
556 CDCls, 292 K)a+p-Anomerd (ppm) = 7.38 — 7.25 (m, 18 H), 7.15 (dd; 6.7, 2.8 Hz, 2 H),
557 5.56 (ddJ=53.2, 2.7 Hz, 1 Hg-anomer), 5.26 (dd, = 52.8, 6.7 Hz, 1 Hj-anomer), 4.97 —
558 4.46 (m, 8 H), 4.01 — 3.53 (m, 6 HC-NMR (101 MHz, CDQ, 292 K)a+S-Anomerd
559 (ppm) = 138.6, 138.4, 138.5, 138.0, 137.9, 13733.8, 137.8, 128.7, 127.8, 110.0 {5
560 215.9 Hz), 105.7 (d] = 227.1 Hz), 83.6, 83.5, 81.7, 81.5, 81.5, 79%3,/77.3, 77.0, 76.7,
561 75.9,75.6, 75.3, 75.1, 75.0, 74.9, 74.6, 74.5],73.6, 73.6, 72.8, 72.7, 68.5, 67.9; ESI-MS
562 m/z560.1[M + NH]", 565.1 [M + NaJ; Anomeric ratian/f = 32/68; R0.82 (pentane/ethyl
563 acetate 4/1) [CAM].[103]

564 4.1.12. 2,3,4,6-Tetra-O-benzylb-glucopyranosyl bromidelg)

565 Oxalyl bromide (0.71 g, 0.46 mL, 3.39 mmol, 2.00)egas added dropwise to a cooled
566 (0O °C) solution of 2,3,4,6-tetr@-benzylo/s-D-glucopyranosel, 0.91 g, 1.70 mmol, 1.00
567 eq.) in dichloromethane/dimethyl formamide (10 mLBmL) and was allowed to reach rt.
568 After complete conversion of the starting mateffdlC), the reaction was cooled (0 °C) and
569 ice water (20 mL) was added dropwise. The layenewseparated and the aqueous phase
570 extracted with dichloromethane (3 x 15 mL). Thdemikd organic phases were washed with
571 brine, dried over N&O, and the solvent evaporated under reduced pressuetain the
572 bromide (0.87 g, 1.44 mmol, 85 %) as yellow oil, ieth was used without further
573 purification; *H-NMR (360 MHz, CDC}, 292 K)§ (ppm) = 7.45 — 7.20 (m, 18 H), 7.20 —
574 7.09 (m, 2H), 6.43 (d1=3.7 Hz, 1 H), 4.97 (dJ = 10.8 Hz, 1 H), 4.83(dd,=10.8, 8.9



575
576
577

578

579
580
581
582
583
584
585
586
587
588
589
590

591

592
593
594
595
596
597
598
599
600
601
602
603
604
605

606

Hz, 2 H), 4.71 (s, 2 H), 4.44 — 4.60 (m, 3 H), 4-02.01 (m, 2 H), 3.77 (m, 2 H), 3.65 (dd,
= 11.0, 2.0 Hz, 1 H), 3.53 (dd,= 9.3, 3.8 Hz, 1 H); R0.88 (pentane/ethyl acetate 4/1)
[CAM].[104]

4.1.13.04,3-O-Isopropylidene pyridoxin@Q)

Para-toluenesulfonic acid monohydrate (11.1 g, 58.3 4000 eq.) was added to a
solution of pyridoxine hydrochloride (19, 3.00g,4.ammol, 1.00eq.) and
2,2-dimethoxypropane (25.5 g, 30.0 mL, 245 mmol,81€éq.) in acetone (60 mL). The
mixture was stirred at rt for 23 h. After neutralibn with sat. NaHCg) the solvent was
evaporated under reduced pressure and the aquessidug was extracted with
dichloromethane (3 x 50 mL). The combined orgaayets were washed with dist. water (1
x 75 mL), brine (1 x 75 mL) and dried over JS&,. The solvent was evaporated under
reduced pressure and the crude product crystaliioed diethyl ether/pentane to afford the
title compound (2.92 g, 13.9 mmol, 96 %) as a yelh solid.*H-NMR (CDCk, 360 MHz)

8 (ppm) 7.83 (s, 1 H), 4.93 (s, 2 H), 4.55 (s, 2 HRB7 (s, 3 H), 1.54 (s, 6 H*C-NMR
(CDCls, 101 MHz)5 148.0, 146.2, 138.9, 129.4, 126.0, 99.9, 60.4/,581.9, 18.5; ESI-MS
m/z 210.6 [M + H].[105]

4.1.14. Tetraacetyt-D-glucopyranosyl isopropylidene pyridoxirzly

Prepared according #1 with a4,3-O-isopropylidene pyridoxine2Q, 50.0 mg, 0.24 mmol,
1.00 eq.), 2,3,4,6-tetr@-acetylf-D-glucopyranosyl fluorideq, 1.2 eq.) and BfFOE% (68.0
mg, 61.0 uL, 0.48 mmol, 2.00 eq.) in dichlorometé&mmL) at O °C to obtain the product as
colorless oil (77.0 mg, 0.14 mmol, 59 ¥)-NMR (CDCl, 360 MHz -Anomer)s 7.89 (s,

1 H, H6), 5.13 (t, 1 H, H12), 5.06 (t, 1H, H13)94.(t, 1 H, H11), 4.80 (dl = 1.7 Hz, 2 H,
H8), 4.64 (ddJ) =82.2, 12.1 Hz, 2 H, H7), 4.46 @ 7.9 Hz, 1 H, {0), 4.22 (ddJ = 12.3,
4.9 Hz, 1 H, H15), 4.13 (dd,= 12.3, 2.4 Hz, 1 H, H15), 3.64 (ddtk 9.8, 4.9, 2.4 Hz, 1 H,
H14), 2.39 (s, 3 H, C§9), 2.09 (s, 3 H, H17), 2.00 (s, 3 H, H19), 1.983(81, H23), 1.97 (s,
3 H, H21), 1.53 (s, 3 H, Ci5/CH;26), 1.51 (s, 3 H, C§25/CH;26); 1°*C-NMR (CDC}, 101
MHz, g-Anomer)é 170.7 (C16), 170.3 (C20), 169.4 (C22), 169.3 (C18p.0 (C2), 146.2
(C3), 139.9 (C6), 126.3 (C5), 124.6 (C4), 99.9 (z28.7 (C10), 72.9 (C12), 72.0 (C14),
71.3 (C11), 68.3 (C13), 66.0 (C7), 61.9 (C15), 5&8), 25.0 (C25/C26), 24.6 (C25/C26),
20.8 (C17), 20.6 (C19, C21, C23), 18.6 (C9); TLEOR9 (pentane/ethyl acetate 1/4)
[CAM]; ESI-MS m/z 540.2 [M + H].

4.1.15. Tetrabenzy-D-glucopyranosyl isopropylidene pyridoxir2sy
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Prepared according #1 with a4,3-O-isopropylidene pyridoxine2Q, 50.1 mg, 0.24 mmol,
1.00 eq.), 2,3,4,6-tetr@-benzylu/f-D-glucopyranosyl fluoridel(7, 0.15 g, 0.29 mmol, 1.2
eg.) and BE OE% (68.0 mg, 61.0 pL, 0.48 mmol, 2.00 eq.) in dicbloethane (5 mL) at O
°C to obtain the product as a colorless oil in atare of anomers (0.11 mg, 0.15 mmol, 65
%, alf = 71/29).*H-NMR (CDCl;, 360 MHz -Anomer)3 8.00 (s, 1 H, H6), 7.39 — 7.22 (m,
18 H, Bn-H), 7.15 (m, 2 H, Bn-H), 4.95 - 4.86 (mH3H8, H19), 4.87 - 4.76 (m, 4 H, H19,
H7,H11, H17/H18), 4.69 (d, 1H, H17/H18), 4.621Hi, H16), 4.58 - 4.50 (m, 3 H, H7, H16,
H17/H18), 4.40 (dJ = 7.7 Hz, 1 H, 10), 3.73 - 3.67 (m, 2 H, H15), 3.64 - 3.59 (m, 2 H
H13, H12), 3.49 - 3.42 (m, 2 H, H11, H14), 2.413($], CH9), 1.47 (s, 3 H, CER5/CH;26),
1.44 (s, 3 H, ChR5/CH;26); *C-NMR (CDCE, 101 MHz,8-Anomer)$ 148.5 (C2), 146.1
(C3), 140.2 (C6), 138.7 - 138.0 ¢, 126.2 (C5), 125.6 (C4), 128.5 - 127.7s( 102.1
(C10), 99.9 (C24), 84.9 (C12/C13), 82.2 (C11/C¥4)9 (C12/C13), 75.8 (C19), 75.0 (3C:
C11/C14, C17, C18), 73.6 (C16), 68.9 (C15), 66.0)(%8.7 (C8), 18.7 (C9), 25.0
(C25/C26), 24.6 (C25/C26); TLC:R.36 (pentane/ethyl acetate 1.5/1) [CAM]; ESI-MS m/
732.4 [M + HT.

4.1.16. Tetrapivaloyp-D-glucopyranosyl isopropylidene pyridoxir@dy

Prepared according #1 with a4,3-O-isopropylidene pyridoxine2Q, 51.0 mg, 0.24 mmol,
1.00 eq.), ethyl 2,3,4,6-tet@-pivaloyl-1-thio-D-glucopyranosidél4, 0.16 g, 0.29 mmol,
1.2 eq.) and TfOH (37.0 mg, 22.0 pL, 0.24 mmol01eq.) in dichloromethane (5 mL) at O
°C to obtain the product as colorless oil (27.8 882 pmol, 16 %)*H-NMR (CDCl, 360
MHz, 8-Anomer)s 7.87 (s, 1 H, H6), 5.30 (,= 9.5 Hz, 1 H, H12), 5.12 (,= 9.7 Hz, 1 H,
H13), 5.03 (ddJ=9.6,8.0Hz, 1 H, H11),4.92-4.77 (m, 2 H, HBY2 (dJ=11.5Hz, 1 H,
H7),4.56 (dJ)=8.0 Hz, 1 H, {110), 4.44 (d)=11.5Hz, 1 H, H7), 4.22 (dd~12.3, 1.9 Hz,

1 H, H15), 4.04 (dd) =12.3, 5.4 Hz, 1 H, H15), 3.71 (ddtk 10.1, 5.4, 1.9 Hz, 1 H, H14),
2.39 (s, 3H, Ckb), 1.53 (s, 3 H, Cg25, CH;26), 1.52 (s, 3 H, C§25, CH26), 1.23 (s, 9 H,
CHsPiv), 1.14 (s, 9 H, CHPiv), 1.09 (s, 9 H, CHPiv), 1.07 (s, 9 H, CHPiv); *C-NMR
(CDClg, 101 MHz,8-Anomer)d 178.1 (C16), 177.2 (C20), 176.6 (C22), 176.5 (C188.7
(C2), 146.2 (C3), 139.7 (C6), 126.3 (C5), 125.0)(®9.9 (C10, C24), 72.5 (C14), 72.2
(C12, C13), 71.1 (C11), 68.0 (C12, C13), 66.1 (€1)9 (C15), 58.6 (C8), 39.0 (C17), 38.8
(C19), 38.8 (C21), 38.8 (C23), 27.2 (eRHv x2), 27.1 (CHPIv), 27.1 (CHPIv), 24.9 (C25,
C26), 24.8 (C25, C26), 18.7 (C9); TLG ®R64 (pentane/ethyl acetate 1/1) [CAM]; ESI-MS
m/z708.1 [M + HJ.

4.1.17. Tetrabenzoy-D-glucopyranosyl isopropylidene pyridoxirs]
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Prepared according #1 with o4,3-O-isopropylidene pyridoxine2Q, 49.4 mg, 0.24 mmol,
1.00 eq.), ethyl 2,3,4,6-tet@-benzoyl-1-thioa/s-D-glucopyranoside 13, 0.18 g, 0.28
mmol, 1.2 eq.) and TfOH (35.0 mg, 21.0 pL, 0.24 M0 eq.) in dichloromethane (5
mL) at 0 °C to obtain the product as colorless(?8.2 mg, 35.8 pmol, 15 %JH-NMR
(CDClg, 360 MHz,5-Anomer)$ 8.10 — 7.22 (m, 21 H, &, H6), 5.87 (tJ = 9.7 Hz, 1 H,
H12), 5.68 (tJ = 9.7 Hz, 1 H, H13), 5.54 (dd= 9.7, 7.8 Hz, 1 H, H11), 4.85 (@= 7.9 Hz,

1 H, H;10), 4.80 (dJ = 12.0 Hz, 1 H, H7), 4.68 (d,= 1.5 Hz, 2 H, H8), 4.67 —4.63 (m, 1 H,
H15), 4.60 — 4.49 (m, 2 H, H7, H15), 4.15 (dd4, 10.0, 5.3, 3.2 Hz, 1 H, H14), 2.35 (s, 3 H,
CHs9), 1.32 (s, 3 H, CER1/CHs22), 1.29 (s, 3 H, Ck21/CH;22); **C-NMR (CDC}, 101
MHz, f-Anomer)s 166.2 (C16), 165.8 (C18), 165.2 (C17), 165.1 (C1€8.9 (C2), 146.2
(C3), 139.9 (C6), 134.0 — 133.3 (mgA; 130.5 — 128.3 (m, &), 126.4 (C5), 124.7 (C4),
99.8 (C20), 99.3 (C10), 72.9 (C12), 72.5 (C14)87(C11), 69.7 (C13), 66.2 (C7), 63.0
(C15), 58.5 (C8), 24.7 (C21, C22), 24.4 (C21,C28)6 (C9); TLC RO.61 (pentane/ethyl
acetate 1/2) [CAM]; ESI-MS m/288.1 [M + HT.

4.1.18. Pyridoxine-53-D-glucoside (55-PNG, 1)

Prepared according #2 with 23 (50.0 mg, 0.09 mmol, 1.00 eq.) to obtain the ghib® as
white solid in quantitative yieldH-NMR (D,0O, 360 MHz 8-Anomer)s 7.65 (s, 1 H, H6),
4.93 (dJ=12.5Hz, 1 H, H7), 4.78 — 4.70 (m, 3 H, H7, H8}3 (d,J = 7.9 Hz, 1 H, H10),
3.83 (d,J = 11.4 Hz, 1 H, H15), 3.65 (nd,= 6.0 Hz, 1 H, H15), 3.41 - 3.35 (m, 1 H, H12,
H14), 3.32 (m, 1 H, H13), 3.22 #= 8.5 Hz, 1 H, H11), 2.38 (s, 3 H, G¥J; *C-NMR (D.0,
101 MHz,5-Anomer)$ 159.7 (C3), 145.0 (C2), 139.2 (C5), 131.8 (C4%.22C6), 101.3
(C10), 75.9 (C12/C14), 75.6 (C12/C14), 73.0 (CB9)5 (C13), 66.1 (C7), 60.6 (C15), 56.1
(C8), 15.6 (C9); ESI-MS m/231.8 [M + HT, 353.9 [M + Na], 330.2 [M - H].

4.1.19. Pyridoxine-53-D-glucoside (55-PNG, 1)

Starting from24. Palladium/Coal (5.30 mg, 15.0 umol, 0.30 eq.) waded to a solution of
protected pyridoxine glucosid24, 36.0 mg, 50.0 umol, 1.00 eq.) in dry ethanol.résgure

of 1 atm H was applied to the reaction vessel and uphold complete conversion of the
starting material (ESI-MS). The mixture was filtéy¢he solvent evaporated under reduced
pressure, the residue suspended in a solutionsofed®H / 1% HCOOH (5 mL, v/iv = 0.6
mL/4.4 mL) and the reaction heated to reflux f& k. The solvent was evaporated under
reduced pressure and the crude product punigedolumn chromatography using Sephadex
(methanol, isocratic) and preparative HPLC (C18tewacetonitrile 90/10, isocratic) to

obtain the glucoside as white solid in quantitagiesd.
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Chemical glucosylation of pyridoxine

Highlights

e New strategies for the chemical glucosylation of pyridoxine were investigated.
e Multiple leaving groups, protecting groups and promoters were tested.
e The synthesis gave best results with fluorine leaving groups.

e Formation of othoesters can be reduced drastically by increased amounts of promotor.
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