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A mecanosynthesis of glycosylamines under solvestleonditions was established. This

www.rsc.org/ environmentally friendly approach optimized withrhamnose, was investigated using a
variety of amines and other carbohydrates. Higlttiea yields and simple work-up allow the
clean and fast synthesis of a variety of glycosyisms and glycosyl-(di)-amines.

Introduction

Green chemistry principles have been establisheddoce the G.chogylamlntlasj .derlvatlves have. Showf‘ a brogd of
biological activities such as antibacterial, anflammatory,

use or generation of hazardous substances in siatkad . L . . .
L . antifungal and antiviral activities in agrochemicand
application of chemicals products Greener procedures for the

) . . . harmacological areds.
preparation of synthetic molecules from biomasscWhare P 9 . . .
. L Moreover, glycosylamines are known as intermedifoeghe
performed in solvent-free conditions are currentiyore

.3 . reparation of various acylated or ammonium compsuaof
attractive: The wuse of biomass feedstocks such . . ] .
. particular interest, useful in the preparation ofjamogelators
carbohydrates or conversion of these products tefuls . .
. . . . . -~ or detergent active products as w&fl.Some strategies of
chemicals is particularly interesting, not only fmbtain . . - .
. . . synthesis of glycosylamines derivatives have begonted in
environmentally friendly products but also becaitsmuld be . - ; . . . .
. o . the literature including Mitsunobu coupling glyctayon with
an alternative to the limited supply and non-renailitgt of ) . . 10
A . aryl amines and monosaccharide with free anomexdcdxyl.
fossil oil." On the other hand, the solvent-free reactions haéenerall lvcosvlamines are obtained by condésan
gained widespread attention for their ability tgrsficantly y, glycosylami ' y

. carbohydrates and amines in solvent mégta'in most cases,
reduce solvent wasfeAs part of our ongoing prografnye are

. . - . it is noteworthy that the conditions are not mildr o
interested in the development of efficient and smwinentally environmentallv safe either because of the toxicihsolvents
benign methods in chemical modification of carbatayes. Vi y ! u xIolEolv

Herein, we report a solventless, green and efﬁcie%nd/or catalysts used, or because these publistmtgures

) . AT required long reaction times under reflux of thivent.
mechanosynthesis of glycosylamines derivativesigh lyields : o .
. . L . High speed ball milling (HSBM) under solvent-freenditions
by condensation of amines or diamines with unptetéc . . .
is a scalable experimental technique that has bbeewn to be
carbohydrates.

an efficient alternative to synthesis with solvEntThis

a Laboratoire de Glycochimie, des Antimicrobiens et des Agroressources technlgue is well known. in material sciences fortipele size
FRE CNRS 3517- Institut de Chimie de Picardie FR 3085, 33 rue Saint  reduction and preparation of ball-milled powders roétals,

Leu FR-80039 Amiens Cedex. minerals and other inorganic solitfsRecently, many reports in

Email : anne.wadouachi @u-picardie.fr; Tel +33 32282 75 63 . e o
b SIPRE (Seeds, Innovation, Protection, Research, and Environment) rue the literature have shown that mechanosynthesfféstive for

des Champs Potez FR-62217 Achicourt. various organic transformations such as Wittiqr Horner—

T Electronic Supplementary Information (ESI) avalita [details of any \wadsworth—Emmons reactitn Michael additiont®

| t infi ti ilabl hould be idell h . S - . . . . '

SD%)IF:) fg_] (legszg%olcr;o%rorga lon available should be idel here]. See transesterificationt’ Sonogashird® Tishchenko reaction$and
other$®. However, to the best of our knowledge, only few

examples of modification of carbohydrates or prapan of
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derivatives under solvent-free conditions in a balll have
been reported. Kartha and coworkers have funciioedl
sugars using the mechanochemical approach. Madsteaime,
a protected glycosyl halide is used in this procedo afford
glycosyl azide, alkyl, aryl or thioglycoside deriivas?

(Spex 8000 M). For liquid amines, such as alkylaginvith
short chains, the grinding action of the balls nheyreduced
because of the formation of sticky paste insidejaéineln these
cases, the use of an auxiliary agent is necessdmgrnogenize
the mixture, that is why 1.5 g of Sj@vas added. The reaction

In our study, we compared the classical method wath was stopped and monitored each 30 min by TLC. Weended

solventless strategy carried out in the ball mHirst, we
focused our attention on the synthesis of glycaniias from
L-rhamnose and different primary alkylaminesRhamnose is
naturally produced by Pseudomonas aeruginosa as
rhamnolipids which elicit defense mechanisms inn&
Moreover, some
inflammatory and skin soothing properties. Indaethamnose
has been clinically proven to be an effective agihg agent
improving collagen production. It may also increade
solubility and the bioavailability of the compoundsving
potent pharmacological activify.

Results and discussion

The advantage of glycosylamines synthesis liehénfact that
the reaction can be realized in a one-step reactoguiring
only a primary amine and a free carbohydrate iolarpsolvent
such as methanol or ethanol. This reaction avordseption
and deprotection steps of carbohydrate that furmiakte. To
prove the feasibility of this reaction in solvenéé conditions,
we compared the synthesis of octylrhamnosylamimae in
different conditions: classical heating in methanok
solventless, microwave heating in methanol and ek mill

without solvent (Table 1).-rhamnose was treated with a slight

excess (1.1 eq) of amine in MeOH or solventlesthatgram-
scale.

Table 1 Comparative conditions for the synthesis of obiginnosylaminda

"
N
HO PN —— O
4
HO HO o4 1a

OH or HSBM

Condition$ (technique,

Entry solvent) Temp. (°C) t(h) Yield(%)
1 Oil bath - solventless 65 6 0
2 Oil bath - MeOH 65 6 83
3 Microwave - MeOH 65 2 72
4 Ball mill - solventless r.t. 15 94
5 Oil bath - MeOH 65 6 81
6 Oil bath - solventle&s 65 48 0

2Reaction conditions: Rhamnose (5.5 mmol), octylan(@® mmol), in MeOH (10
mL) or solventless® 1.5 g SiQ was added® Isolated after filtration of crude on
silica gel followed by work-up of classical reactio

The heating of the sugar in the presence of alkiylansarried
out in solventless conditions with an oil bath ddil(entry 1).

thatL-rhamnose was totally converted in 1.5h reactioretand
the yield was better in the ball mill whereas agtimll
expectations, it reached 2h in a microwave to oleseomplete
conversion of rhamnose at 65°C. In order to vetifgt SiQ
only acts as grinding-aid agent, two reactions weneied out

rhamnose derivatives have shown- ainioil bath with SiQ (entries 5-6). In solution conditions (entry

5), the same isolated yield was obtained comparedatssical
conditions (entry 2). Moreover, in solventless dtinds (entry
6), no conversion of carbohydrate into glycosylaniwas
observed, proving that Sias no promoter side effect.
Others grinding auxiliarié$ were examined (Table 2). A
mixture of the liquid amine with the grinding-aidemt and.-
rhamnose was placed into the milling jar with halis the end
of the experiment, the reaction mixture was scredcbff from
the vessel and dissolved in a minimum of methatiogn
filtered directly through a pad of silica gel witltcany agqueous
workup. The silica gel promotes retention of aaxili grinding
and facilitates the separation of the desired produ

Table 2 Influence of grinding-aid agent on reaction ofyrttamnosyl-
aminelain solvent-free conditioris

Weight

Entry Grinding additive © t(h) Yield (%)
- - 3 53
2 K.COs 3 3 0
3 NaCl 10 15 81
4 v-Al,0; (neutral) 3 15 86
5 SiG 15 15 94

aReaction conditions: Rhamnose (5.5 mmol), octylan(@® mmol).PIsolated yields

after purification on silica gel by column chromgtaphy (CHCIl,/MeOH). “Isolated

yields after filtration on silica gel
When the reaction was carried out without grindaxiliary,
the yield was moderate probably because a stickyep@arms
during the reaction (entry 1). In this case, thextore was
separated and purified by flash column chromatdgragven
at a time twice as long as the other tests reactibe
conversion of rhamnose remained incomplete. Sungtis

when K,CO; was used as grinding auxiliary, no desired produ. «

was detected (entry 2) although basic conditiorghinpromote
glycosylamines formation (which are known to be enstable
in basic conditions than in other conditions). @a bther hand,
the use of NaCl (entry 3), AD; (entry 4) and Si@(entry 5) led

to good to excellent yields respectively. In aduitto complete
conversion of rhamnose in these conditions (moeaitoby

TLC), yields are excellent when using Siecause the

As expected, compounth was obtained in a shorter reactiofiltration of the crude on silica gel was easieartior the other

time in the case of microwave-assisted synthesisé@thanol
(entry 3) compared to the classical reaction (efryIn the
case of ball milling (entry 4), the reaction wasxdocted in a
screw-capped stainless steel jar with stainless stls of 7.0
mm or 13.0 mm diameter in a high-energy vibraticaagaratus

This journal is © The Royal Society of Chemistry 2012

grinding-aid agents. Furthermore, in the case o€IN& was
necessary to use a quantity of auxiliary correspantb about
10 times the total weight of reactants to obtapowder during
the milling. This quantity of NaCl was particulafficult and
tedious to remove at the end of reaction.
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Table 3
. Grinding . 0
Entry Sugar Amine t (h) auxiliary Product ol Yield (%)
N
1 L-rhamnose CK(CH,)sNH, 1.5 Sio, How TN 93/7 91
HO OH 1b
H
N
2 L-rhamnose CHCHy)sNH, 1.5 sio HOW S 89/11 89
HO OH 1c
H
N
3 L-rhamnose CH(CH,)oNH, 1.5 Sio HOW v 93/7 95
HO OH 1d
N
4 L-thamnose  CH(CHy)1NH, 1.5 - How >~ 92/8 98
HO O 1e
H
N
5  Lrhamnose  CH{CHy)isNH, 15 - How ST 92/8 99
HO o, 1%
6 L-rhamnose [CK(CH,)/],NH 7 Sio - <5
7 Lrhamnose  BN(CHy)gNH, 1.5 - w \/\M/\/ 87/13 96
N NH2
- o \/M/s\/
8 L-rhamnose BEN(CH,)1oNH, 1.5 - 90/10 95
HO .
OH 1i
H
NW/VNHZ
9  Lrhamnose  BN(CH,)1oNH, 1.5 - How 6 96/4 96
HO Oy
OH
§ RN
(6]
10  L-rhamnose BN(CH,)sNH, ? - HOW D OH  84/16 95
HO o, 1K
OH
f nMZ\g
(o]
11 L-rhamnose BN(CH,)1oNH, R - How v OH 75125 98
HO
OH u

This journal is © The Royal Society of Chemistry 2012
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Table 3(contd.)

] Grinding ]
Entry Sugar Amine t(h)  Auxiliary Product a/B Yield (%)
OH
I':‘{ H OH
(o)
12 L-thamnose  BN(CHy)iNH, R - HOW T o o84 o8
HO OH m
N F
13 (-thamnose  HECCHNH, 15 siQ How 88/12 96
HO Lo
H\/\
14  Lrhamnose  HC=CHCHNH, 15 sio How = 91/9 91
HO
OH 1o
H\/\/OH
15  L-rhamnose HO(CHJsNH 15 Sio How 91/9 92
HO
OH 1p
N OCH3
16 L-rhamnose H-Ala-OMe . HEI 15 SiQ wﬂNH 0 89/11 68
HO
HO OH 1q
OCH3
o
17 L-thamnose  H-Leu-OMe . HEI 1.5 SiQ NH 91/9 70
@7’”
HO
o Ju
L
H,N . o7
18 L-rhamnose 15 SiIQ HO 83/17 94
HO
OH 1s
OCHs HaCO OCH3
H
19  L-rhamnose HZN/\©\ 1.5 SiQ o N\;©/ ¢ 94
oo, ol
Ho L n
HoN N
20  L-rhamnose \© 15 SiQ How \© c 99
HO OH 1u
H
HzN o7
21 L-thamnose \©\ 15 - HO 85/15 95
NH, "o on w NHz
H
HoN o N
HO c
22 L-rhamnose \©\ 15 - W 59
OH

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 4
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Table 3(contd.)

. Grinding RIS
Entry Sugar Amine t(h) auxiliary Product a/p Yield (%)
|
I H
HoN N
23 L-rhamnose 2 1.5 - HOW \© - 0
HO  on  1x
NO, NO2
H,N N
24 L-rthamnose - 15 - w - 0
HO
COOH HO  on 1y COzH
H H
N S on
H2N Ho@f o
a Cc
25 L-rhamnose \©\ 3 - HO O, N 90
NH» 1z
OH

26  pglucose  CHCH)uNH, 15 - Hamﬂ ’ 97
a d
27 p-galactose CK(CH,)1:NH, 1.5 - HO N 94

28 Maltose CH(CH,)1:NH, 1.5 - HO%MH 20/80 99
N

¢ 2 eq. of rhamnose were used for 1 eq. of amine

P a preliminary treatment with Qs in ball mill was realized to obtain the free —Ngfoup
¢ the anomeric ratio was not determinecdanomer prevails in this case

9the anomeric ratio was not determinBdinomer prevails in all cases

Using these optimised conditions this protocol watended to of desired product were observed, even after 7mmitling,

other substrates leading to a wide range of glylemsines. probably due to the weak reactivity of the secopdamine
Table 3 summarizes the reactions of several cadrabgs with function. Subsequently, we studied the reactiondiaimines
various amines: alkyl-, arylamines, dialkylaminasjinoesters with rhamnose to obtain monosubstituted (Tablen®jes 7-9)
or aminoalcohols leading to a variety of functiorel and disubstituted products (Table 3, entries 10-I8)promote
glycosylamines. Overall, the reactions of rhamnosgh monosubstitution of the alkyldiamines, one equintlef each
alkylamines led to the corresponding glycosylaminies reactant was used to affoddh, 1i, and1lj in excellent yields
excellent yields (Table 3, entries 1-5). Besides, moted that (95-96%). Similarly, to favor disubstituted prodsicttwo
due to the powdery aspect of dodecylamine amduivalents of rhamnose were ground with one edgriveof

hexadecylamine, the reaction of carbohydrates withse alkyldiamine. Compared to monosubstituted prodytts 1i

amines did not require grinding-aid agent and ftioeee and1lj), a twice longer reaction time was necessary t@inob
rhamnosylaminede and 1f (Table 3, entries 4 and 5) werdahe corresponding disubstituted product®, (1l and 1m) in

isolated with higher yields thatb, 1c and1d since purification high yields (95-98%). It is worth mentioning thaetE-factor is
of the crude was easier. Nevertheless, when usingmaimized by producing only water as waste.

disubstituted amine such as dioctylamine (entryo@)y traces

This journal is © The Royal Society of Chemistry 2012 J. Name., 2012, 00, 1-3 | 5
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In order to introduce functional groups to the asammed methodology had several beneficial items: a reductf the
glycosylamines, propargylamine, allylamine andeaction time, the obtaining of desired productonir
aminopropanol were also tested. As for alkylaminggsir unprotected monosaccharides in good to excellexityiwhile
condensation with rhamnose led to the correspongingucts minimizing waste. This advantageous method whichaigt of

in 91-96% yields (Table 3, entries 13-15). In thieeo hand, for the development of environmentally friendly imprdve
the extrapolation of this protocol to ester amindagTable 3, protocols to exploit sustainable resources canxpioited for
entries 16-17), a prior alkaline treatment of thmirmester high-value applications in important area such as
hydrochloride salt was necessary to activate thid,-§roup. pharmaceuticals and agrochemical fields.

The deprotection of the amine group was performédth w

K,CO; followed by the condensation with the carbohydrafgeneral experimental procedure

using continuous milling. Although, reagents werader
powder aspect, a lower conversion of rhamnose \basroed
and a crude paste had glued on the balls whichcestithe

Amine and sugar were mixed in a mortar with a pedtor
liquid amines and chlorhydrate aminoacids, a pmotng with
SiO, was necessary to keep the powder aspect during <=2

efﬂqency of t.he fixing as |t_has been describedier \_Nlth reaction. The mixture was then introduced withrdesis steel
liquid alkylamines. Thereby, it was necessary td ad inert . . . . .
balls into a stainless steel jar, placed in a hagbrgy

additive as Si@in order to keep the crude as a powder durlr\1/<1:1Orational ball-milling and milled at 30 Hz. Fingl the

tEe grlndllng._ Thls_ two-ste.p brrOt_OT(;)l F_)I_rot\)llldesrd_ th‘fgme% reaction mixture was scratched off the vessel; wdshith
rhamnosylamines in appreciable yields (Table Jjent6 an diethyl ether and filtered or purified by flash chratography to

17). afford the desired glycosylamines
Then, the preparation of glycosylamines was alstereied More details are available in supporting informatio

using aromatic amines. The reaction between bemigt
(Table 3, entry 18) or dimethoxybenzylamine (TalBesntry
19) and rhamnose afforded the corresponding predistand
1t) in high yields. Using aniline derivatives (Tale entries This work was financially supported by the SIPREed@s,
20-24), condensation of aniline and 4-aminoanilingth Innovation, Protection, Research, and Environment).
rhamnose led to the corresponding glycosylamineandlv in
high yield (99% and 95% respectively) whereas witna-
hydroxyaniline, the desired produciw) was obtained with
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In conclusion, we have developed a green and effiainethod
for the synthesis of glycosylamines by mixing unpobed
carbohydrates with alkylamines, alkyldiamines, awré@hcohol,
amino-esters or arylamines in a ball mill underveotless
conditions. Compared with classical conditions, sthi
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