Available online at www.derpharmachemica.com

]
SN %
Q’;&ﬂ ? ISSN 0975-413X Der Pharma Chemica, 2016, 8(2):103-108

CODEN (USA): PCHHAX  (nttp://derpharmachemica.com/ar chive.htm)

Novel method for the preparation of hexose sugar ames using Ruthenium
based complex

Madhuresh K. Sethi*, Somashekar R. Bhandya, Nagard/laddur, Sanjay Mahajan, Anish
Kumar, Rohit Shukla and Purbita Chakraborty

R & D, Mylan Laboratories Ltd., Plot No. 31, 32, 33 and 34 A ANRICH Industrial Estate,
Bollaram (Village), Jinnaram (Mandal), Medak (Dt), Andhra Pradesh, India

ABSTRACT

A novel and convenient synthetic procedure for preparation of hexose sugar amines by reductive amination using
Ruthenium based catal yst has been demonstrated. This methodol ogy features preparation of active Ruthenium based
catalyst followed by their application in reductive amination involving sugar molecules and benzyl amine thereby
making it a simpler processin terms of safety and operability.
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INTRODUCTION

1-amino-1-deoxy sugars also known as the glycamimage been used for several decades as a resalgerg in
the synthesis of pantothenic acid [1] as a keyrinégliate in the synthesis of Miglitol [2] deoxynajycin,
derivatives of deoxynojirimycin [3] and as solubilig groups for pharmaceuticals such as theopleyl[ii.
Amongst the glycaminesjannamine derivatives are used in preparationwfogle dependent insulins [5]. Methyl
derivative of 1l-amino-1-deoxyglucitol (also knows &eglumine) is used as a drug intermediate [6]e OB
isophthalmate derivative of meglumine as a contmastlium for spinal cord radiotherapy has been teddn the
literature [7]. Moreover, polyhydroxy amine-neuizald acidic polymers are also used in hair stytingipositions
[8]. In general the methods employed for prepamatib sugar amines involves chemical reduction afmex[9],
electrolytic reduction [10], and reductive alkytati of ammonia with a sugar [11-13Jhe Flint and Salzburg
method [12] yielded sugar amines as oily syrupsyfWgaand Adkins [13] reported glucamine synthesisthsy
reduction of glucose in methanolic ammonia with keld. Holly and co-workers [14] synthesized glydaes with
purity 80% by the reductive alkylation of liquid amnia with sugars. None of these methods is switén
preparation of sugar amines of high yield and wgjthantitative yield. A convenient method for synibesf 1-
amino-1-deoxy-glucitol / 1-amino-1-deoxy-galactitol two steps using Platinum oxide based catalyd a
palladium catalyst was reported by Fred Kagan §t]alThis method was not cost effective as it gaveduct with
low yield (below 50%). In addition the preparatiprocess involved hydrogenation reaction using scéithlysts,
which have problems in terms of safety and openmatitn parallel, Watanabe et al reported an eadycanvenient
method for reductive amination using Ruthenium Hasalyst which has the advantage of not usingdgeh gas
under pressure [15]
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In this paper, we report the process for reductingnation of hexose sugars with Benzylamine usioth&nium
based complex i.e. RuCl (2-picolineamide) (p-cymermnplex(Scheme 1). The resulting benzylated sugar amines
could then be hydrogenated using Pd/C as catalygitve respective sugar amines with good yield pungty. The
process was more superior in terms of operab#itgnomics and safety aspects as compared to pseréported
methods and could be used at commercial scale.

MATERIALS AND METHODS

Dextrose anhydrous was purchased from Anil pharteh Mannose was purchased from fluka & galactose wa
purchased from Fisher scientific. Benzyl amine waschased from Indo amines, [Ry@tcymene)] from Johnson
mathey, 10% Palladium carbon (50% wet, type 49@nhfArroramathey, 2-picolineamide from Aldrich, famacid
from Alfa Aesar.

2.2 Analytical methods:

2.2.1 HPLC method for isolated product (1-amino-1ldeoxy-glucitol / 1-amino-1- deoxy-galactitol/1-amio-1-
deoxy-mannitol):

High performance liquid chromatography analysis wagormed on Waters alliance 2695 high performdiozed
chromatography instrument connected with 2414 céfra index detector using synergi polar RP 80Auoat (4.0
pm particle size, 250 X 4.6 mm length) eluted wislodratic mobile phase system 60% acetonitrile ¥b40%
ammonium acetate solution at a flow rate of 0.5nib/mith column oven temperature at’@0and detector oven
temperature 4. The retention time of 1-amino-1-deoxy-1-glucifoll-amino-1-deoxy-1-galactitol/1-amino-1-
deoxy-mannitol were found to be 8.55/8.51/8.39 amid for dimer impurity of respective product waarfd to be
6.62/6.47/6.69 respectively.

2.2.2 HPLC method for monitoring the reaction towads the formation of N-benzyl-1-amino-1- deoxy-gludol

/ N-benzyl-1-amino-1- deoxy-galactitol/ N-benzyl-amino-1- deoxy-mannitol:

High performance liquid chromatography analysis waormed on Waters alliance 2695 high performdiozed
chromatography instrument connected with 2414 céfra index detector using Insertil amino columnO(fm
particle size, 250 X 4.6 mm length) eluted withcisdic mobile phase system containing 25:75 v/vi P92
potassium di hydrogen phosphate pH 6.5 and acetendt a flow rate of 1.0 mL/min with column oven
temperature at 4@ and detector oven temperaturé@QThe retention time of N- benzylated-1-amino-bxdel-
glucitol / N- benzylated-1-amino-1-deoxy-1-galamtit were found to be 22.34 min, for Dextrose /
Galactose/mannose were found to be 13.23 and Nxytadad-1-imino-1-deoxy-1-glucitol / N- benzylatéeamino-
1-deoxy-1-galactitol/ N-benzyl-1-amino-1- deoxy-ménl were found to be 4.51 min respectively.

2.2.3 HPLC method for monitoring the reaction towards the formation of 1-amino-1- deoxy-glucitol / 1-
amino-1- deoxy-galactitol/ 1-amino-1- deoxy-mannito

High performance liquid chromatography analysis pagormed on Waters alliance 2695 High performdiped
chromatography instrument connected with 2414 céfra index detector using synergi polar RP 80Auout (4.0
pum particle size, 250 X 4.6 mm length) eluted wislhdratic mobile phase system 60% acetonitrile ¥b540%
ammonium acetate solution at a flow rate of 0.5nmih/mith column oven temperature at’@0and detector oven
temperature 4. The retention time of 1-amino-1-deoxy-1-glucifol.-amino-1-deoxy-1-galactitol/ 1-amino-1-
deoxy-mannitol were found to be 6.5 min, N- bentadal-imino-1-deoxy-1-glucitol / N- benzylated-1-zm-1-
deoxy-1-galactitol/ N-benzyl-1-amino-1- deoxy-mawohiwere found to be 7.40 min and for dimer impuritf
respective product was found to be 5.64 respegtivel

2.2.4 NMR spectroscopy
The *H NMR and**C NMR spectra were recorded in@on a Bruker Avance 300 spectrometer. The chemical
shifts are reported ifippm relative to TMSd0.00) and DMSO and f@ as internal standards respectively.

2.2.5 Mass spectrometry

Electron Spray lonization-Mass spectra (ESI-MS)isiflated compounds were measured using Agilent 1100
LC/MSD Trap SL instrument.
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2.3 General procedure for preparation of RuCl (2-pcolineamide) (p-cymene) complex [15]:
[RuCly(p-cymene)] complex (200mg, 0.327mmol)2-picolineamide (80mg, 0.653mmol) and sodium eitex
(44.4mg, 0.653mmol) were added in a schlenk tultbveas subjected to argon replacement. A 7 ml of/dietied
methanol was added and stirred under argon gassptrace for 24 h. The reaction mixture was distitédunder
reduced vacuum at ambient temperature to obtailecRu complex. To this, was added, 50ml of acetetieed
for 5 minutes and filtered. The filtrate was dlstl off under reduced vacuum at ambient temperatuobtain RuCl
(2-picolineamide) (p-cymene) complex. The compleaswhen dissolved in 10 ml of methanol and useoelow
experiments.

2.4 Preparation of N-benzyl-1-amino -1-deoxy gluait

1 g of dextrose anhydrous was added to 20 ml ohametl in a schlenk tube. To this, was added 0.%8nblenzyl
amine (1.2 eq). The reaction mixture was coolefl +010°C and Ru complex in methanol was added. The reactio
mixture was stirred at ambient temperature for %tis. The progress of reaction was monitored biyGiFAfter
completion of the reaction, the reaction mixtureswaoled to 5-10C, stirred for 30 minutes, filtered and washed
with methanol to obtain a solid material. The miatevas dried under vacuum at 8D for 10 h to obtain N-benzyl-
1-amino-1-deoxy-glucitol (purity by HPLC 98.01% tiB0 % w/w yieldHNMR (300MHz, DO)(2a)s 3.59- 3.91
(8H, m), 2.64 — 2.78 (2H, m), 7.41-7.43(5H, m)ESI-MS; m/z 272[M+H] *. Melting point observed 1396 and
reported M.RL38-134C.

2.5 Preparation of 1-amino -1-deoxy-glucitol

1g of N-benzyl-1-amino-1-deoxy-glucitol was dissdvto the 40 ml of 1.1 methanol and demineralizedew
mixture. To this, was added, 0.1 g of 10% palladzarbon. Reaction mixture was hydrogenated 4C5@nder 10-
12 kg of K pressure for 24 h. The progress of reaction wasitored by HPLC. After completion of the reaction,
reaction mixture was cooled to below % Reaction mixture was filtered through hyflo b&te filtration bed was
then washed with 10 ml of demineralized water. Tilieate was distilled off under reduced vacuum4at°C to
obtain a crude product. The crude product wasestii isopropyl alcohol at 0% for 30 mins, filtered and dried
under vacuum to obtain 0.4 g of 1-amino-1-deoxycigt (Yield — 40 % , purity by HPLC 95-96%), M.R27-
13¢°C, 'H NMR (300MHz, B0O)(2b) 6 2.55-2.62 (1H, m), 2.71-2.76(1H,m),3.53 — 3.57 (2h), 3.59-3.77 (4H,
m); ESI-MS m/z 182 [M+H]".M.R reported 124.5-13(C.

2.6 Preparation of N-benzyl-1-amino -1-deoxy-galaitol

1 g of galactose was added to 20 ml of methanal schlenk tube. To this, was added 0.73ml of beamyhe (1.2
eq). The reaction mixture was cooled to 5 °C0and Ru complex in methanol was added. The reactixture
was stirred at ambient temperature for 10-15 hise Progress of reaction was monitored by HPLC. rAfte
completion of the reaction, the reaction mixtureswaoled to 5-10C, stirred for 30 minutes, filtered and washed
with methanol to obtain a solid material. The miatavas dried under vacuum at D for 10 h to obtain N-benzyl-
1-amino-1-deoxy-glucitol. (Yield — 80%, Purity byPHC 99%),"HNMR (300MHz, DO)(2c)d 3.10- 3.26 (2H, m),
3.49-3.52 (1H, m), 3.57-3.61(3H, m), 3.85-3.89(1t), 4.15-4.24(3H, m), 7.43(5H, m); ESI-M®n(z 272[M+H] *;
M.R reported 151-15T;

2.7 Preparation of 1-amino -1-deoxy-galactitol

1g of N-benzyl-1-amino-1-deoxy-galactitol was dissd to the 40 ml of 1:1 methanol and demineralineder
mixture. To this, was added, 0.1 g of 10% palladzarbon. Reaction mixture was hydrogenated 4C5@nder 10-
12 kg of K pressure for 24 h. The progress of reaction wasitored by HPLC. After completion of the reaction,
reaction mixture was cooled to below % Reaction mixture was filtered through hyflo b&te filtration bed was
then washed with 10 ml of demineralized water. Tilieate was distilled off under reduced vacuum4at°C to
obtain a crude product. The crude product wasestiim isopropyl alcohol at 0% for 30 mins, filtered and dried
under vacuum to obtain 0.4 g of 1-amino-1-deoxygétol. (Yield — 60%, purity by HPLC 99%}HNMR
(300MHz, DO) ; 3.85-3.87(2H, m), 3.56-3.60(4H, m), 3.05-3.08(2h), Reported M.RL43-145°C

2.8 Preparation of N-benzyl-1-amino -1-deoxy -mantol

1 g of mannose was added to 20 ml of methanolsichéenk tube. To this, was added 0.73 ml of bearyihe (1.2
eq). The reaction mixture was cooled to 5 =°C0and Ru complex in methanol was added. The reactiture
was stirred at ambient temperature for 10-15 hise Progress of reaction was monitored by HPLC. rAfte
completion of the reaction, the reaction mixturesweaoled to 5-10C, stirred for 30 minutes, filtered and washed
with methanol to obtain a solid material. The miatevas dried under vacuum at 8D for 10 h to obtain N-benzyl-
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1-amino-1-deoxy-mannitol. (Yield - 80-85%, purity BIPLC 99%),HNMR (300MHz, D:0)(2e)s 3.10- 3.26 (2H,
m), 3.49-3.52 (1H, m), 3.64-3.87(8H, m), 2.69-2(28,m), 7.37-7.42(5H, m);ESI-MSwz 272[M+H] "

2.9 Preparation of 1-amino -1-deoxy-mannitol

1g of N-benzyl-1-amino-1-deoxy-mannitol was dissalvto the 40 ml of 1:1 methanol and demineralizedew
mixture. To this, was added, 0.1 g of 10% palladzarbon. Reaction mixture was hydrogenated 4C5@nder 10-
12 kg of K pressure for 24 h. The progress of reaction wasitored by HPLC. After completion of the reaction,
reaction mixture was cooled to below % Reaction mixture was filtered through hyflo b&te filtration bed was
then washed with 10 ml of demineralized water. Tilieate was distilled off under reduced vacuum4at°C to
obtain a crude product. The crude product wasestiim isopropyl alcohol at 0% for 30 mins, filtered and dried
under vacuum to obtain 0.4 g of 1-amino-1-deoxy-ni@h (Yield — 70%, Purity by HPLC 94-95%JHNMR
(300MHz, D,O)(2f) 0 2.659- 2.68 (1H, m), 2.91-2.92(1H, m), 3.57 — B4, m); ESI-MSm/z 182[M+H].

RESULTS AND DISCUSSION

The synthetic route adopted for preparation of sagaines are shown in Scheme 1. Ruthenium baselysat was
first prepared using [Rug(p-cymene)] complex, 2-picolinamide and sodium ethoxide which eommercially
available in market under inert atmosphere by usliegmethod which is reported in literatlfé The catalyst thus
prepared was then used for reductive aminatiodumfoge and benzylamine, without using hydrogenagasessure
atmosphere. Benzylated intermediate was obtainegood yield and was properly characterized. Thedyeb
obtained was then conveniently debenzylated usti§@ Rnd H gas pressure to give amino sorbitol (Glucamine).
In the same way other isomers such as GalactanndeM&annamine was also prepared by using Galactode a
Mannose as the starting material instead of Glud@sductive amination of Benzyl amine with GlucoSeJactose
and Mannose was carried out in methanol solventaarainbient temperature with a reaction time ofLld2hours.

All the compounds prepared were characterized bysSBANMR and HPLC.

H/\© NH,
CHO

Ry Re N Ry Rs Ry7 Rs
enzyl amine,

Rs—Res  Ruthenium complex Re—Re Pd/C e iy

Rs Re r R3 Ry - = R Ra

Ri—R R R MeOH/H20 R R

OH OH o

Hexose sugar N-benzyl-1-amino-1- deoxy-hexititol 1-amino-1- deoxy-hexititol
1 2
Dextrose - R;.R3RgR;=H
Ro.R.RsRg = OH

Galactose - R;R,RsR;=H
RoR; Rs.Rg = OH

Mannose - Rp.R3RsRg=H
Ry.RyRs.R7 = OH

Schemel. Synthetic route for preparation of sugarraines

In order to know the role of solvent towards thathgsis of 1-amino -1-deoxy glucitol, various soligewere
screened towards the synthesis of N-benzyl-1-anfirdeoxy glucitol (Fig 1).

A maximum conversion of > 99% was obtained whenhar@d! and dimethyl formamide were used. Acetoaitril

and 1, 4-dioxane showed 96.53 and 92.59 % conversiespectively. No conversion was observed whieanet
diol was used.
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W Ethane diol
THF

u 1-propanol

B DMF

100.00 Acetonitrile
IPA

80.00 W 2-butanol

M EtOAC
EtOH

60.00

B Dioxane

B Methanol
40.00

20.00

% conversion by HPLC(w.r.t dextrose)

0.00
0.00

Fig 1. Screening of solvents towards synthesis oftd¢nzyl-1-amino -1-deoxy glucitol. Dextrose anhydrgs (100mg), benzyl amine (73pl)
and ruthenium complex (150 pl) in solvent (1.5ml)d stirred at 27 °C for 24hrs

CONCLUSION

Synthesis of hexose sugar amines like 1-amino-Xydgtucitol, 1-amino-1-deoxy galactitol and 1-amihaleoxy
mannitol using ruthenium based complex as primatglgst has been demonstrated. The process waertent as
the reaction doesn'’t require pressure reactor aedonomical and operation friendly.
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