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Abstract: A microwave assisted phase transfer catalyzed transesterification in basic medium with methy! benzoate
was studied for scveral carbohydrates. Small amounts of DMF were necessary to provide good yields (96-76%) within

—

S minutes. This method was cxlcndcd to the synthesis of d ocanoyl dcnvauvcs with 63-100% glob al yields within
4

rymnamd 1o o nal h tha mAtiane and enanifia
H 30 mlm}{es‘ P\alc enhaﬂLCmC‘ﬂ{S When (auuqlcuuu HY) Lunv'euu\luul ucaung in ulv samc Conaitions wi b}n.,llll.-

microwave activation were mostly evidenced when fatty compounds (less reactive) were involved.
© 1998 Elscvier Science Ltd. All rights reserved.

INTRODUCTION

Long chains esters derived from carbohydrates and glycosides are well known as biodegradable
surfactants.! Their preparation is at present rather long and expensive? and needs, as a consequence, serious
improvements. Most of the syntheses were performed by esterifications from fatty acids or acyl halides but
suffered from poor selectivities with numerous undesirable side products difficult to separate.>-7 Base or acid-

catalyzed transesterific s with methyl or ethyl esters proved to be more adapted for industrial applications.89
(x—D—Glucofuranose 0 or o-D-glucopyranoside!! derivatives were thus selectively monobcnzoylatcd in basic
medium (K2CQO3 or NaOCH3) at 180-200 °C but the yields were low (< 40%).

We have previously shown!2 that transesterification of several substrates could be efficiently realized in
solvent-free conditions under microwave activation either by phase transfer catalysis (PTC) or by supported
reactions onto mineral oxides. This paper describes the results of base-catalyzed transesterifications activated by
PTC and under microwaves applied to carbohydrates. Microwave assisted synthesis from carbohydrates was
shown to be very efficient as we had already noticed for glycosylations.!3 Therefore, two typical cases were
studied to synthesize aromatic or fatty esters including a variety of carbohydrates with either only one secondary
(1), one primary (2) or two secondary hydroxyl groups (3 and 4) (Fig. 1).
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RESULTS AND DISCUSSION
Benzoylation by transesterification with methyl benzoate
As the selected substrates were not stable in acidic conditions, transesterification under basic conditions

was considered using PTC either in the absence of solvent or in the presence of small amounts of various

solvents.
3-0-Benzoyl-1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (5) was obtained by transesterification
from 1 with methyl benzoate using various phase transfer agents and bases (Scheme 1). The main results are

given in Table 1.

1 BzOCHj OBz )
—

base ‘——T o\
3 7

catalyst

Scheme 1.

Table 1. Benzoylation of 1 (1 3 g, 5 mmol) in basic medium with methyl benzoate (2 equiv) and a phase ransfer agent (4% molar

CQUlV VEISUsS l) Microwave ll'l'd(lldll()n in a monomode reacior \l’ = 150-15 YV ). Reaction iime = 15 minuics.

Entry Base (equiv/1) Catalyst Solvent (2 mL)  Temperature(°C) Yield (%)
1 K2CO3 (1) BuyNBr - 160 38
2 KOH (1) BugNBr - 160 30
3 K3PO4 (1) BuyNBr - 160 31
4 K2CO3 (2) BuyNBr - 160 44
5 K2C03 (2) BugNHSO4 8) . 160 34
6 K2C03 (2) BuyNBr DMF 160 96

70 K2C03 (2) BugNBr DMF 160 21
8 K2C03 (2) - DMF 152 65
9 K2CO3 (2) BugNBr Diglyme 148 !
10 K2CO3 (2) BugNBr Mesitylenc 150 17

) 10% of catalyst and reaction timc = 45 min b) Classical heating (thermostated oil bath): 15 min,



A weak and non nucleophilic base like potassium carbonate provided better yields than other stronger
bases as potassium hydroxyde which probably induced the saponification of esters (entries 1 and 2). Moreover,
2 equiv of K»oCO3 were preferable (entry 4). Longer reaction time and the use of BuyNHSOy as the catalyst did
not improved the yield (entry 5).

Under solvent-free conditions, the best result was limited to 44% in yield (entry 4). The addition of a
small amount of DMF (2 mL i.e. 5 equiv/1) led to a large improvement in yield which became nearly quantitative

(entry 6) as yet evidenced in the case of Hantzsh synthesis of dihydropyridines.!4

Tha nracanras Af a nnlar anluant wae larasly favnanrahla ae MM indnrad hoattar vialde famers &Y than
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alglyme (cIt 7) and mucn morc udn mesityicnc (Cniry 1u) in spitc or VCl’y milar [Cmpcrd[urc pr 1ES U*lg. Z).

The specific role of DMF is not only due to its high dielectric constant but also to its high donicity!> which
implies a "drying effect"16 as a strong acceptor of hydrogen bond from methanol.

During conventional heating, the temperature was measured all along the reaction with a thermocouple
inside the reaction mixture and during microwave heating, with an infrared detector. No difference in temperature
increase was noted between the two heating ways. As a consequence, strong specific microwave (non purely
thermal) effects should be considered to rationalize the considerable improvement in yield when compared to

conventional heating (96% versus 21%: entries 6, 7). This microwave specific activation has been evidenced
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Fig. 2. Benzoylation of 1 under microwaves: curves of cinperaiure increase in ihe case
of solvent-free reaction, and comparison between different solvents.
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The same conditions were applied to 4 monohydroxylated primary compound.  From 1,2:3,4-di-0O-
isonronvlidene-a-D-galactonvranose (2). in the nresence nf KhCOn (2 eaniv) and BuaNBr (49 a vield of 66%
1sopropylidene-q-D-gaiactopyranose (Z), in the presence of KL 03 (£ equiv) and BugiNBr (4%), a yield of 606%
- < PR | g | o e Lo g LS - Loiow A o n 117 PP, PR,

198 h
60 °C). When 2 mL (5 equiv) of DMF were added, the yield was increased up to 76% within 15 minutes
(Schemc 2).

O OBz
BzOCH3 g/ o

Scheme 2.
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as well as dibenzoylations were performed (Scheme 3). The main results are given in Table 2
BzOCH; "\~ 0\
KyCOq O/Q-/ 0,
BusNBr cat. Rz()w
R0 ocH,
7a R,R, =Bz
7b R;=Bz Ry;=H
7¢ R, =H R, =Bz
Scheme 3
Table 2. Benzoylation of 3 (705 mg, 2.5 mmol) by Uanscstcriﬁcaiicr in basic medium (KpCQO3) with methyl benzoate and
BuaNBr (4%) in DMF (2 mL). Microwave power: 150-15 W. Reaction time: 15 minutes, T = 160 °C
Entry equiv K2CO3 equiv Bz2OMe _ Toual yicld (%) 7a (%) b/ Tc (%)
1 1.5 1.2 60 10 25/ 25
2 3 35 74 70 371
3 3 4 90 82 7/1
43) 3 4 37 3 16 /18

a) Conventional heating (thermostatcd oil bath) for 15 minutes at 160 °C.

No selectivity was observed for monobenzoylation (entry 1). Using 4 equiv of methyl benzoate, a 82%
yield of dibenzoylated compound (7a) was obtained within 15 minutes of irradiation (entry 3). Under classical
heating (entry 4), the yield was very low with principally the monobenzoylated products 7b and 7¢ showing
again a very significant specific microwave etfect.

In the literature, one experiment was described with sodium methoxide as the base and only a 29% yield
of 7b + 7¢ and a 4% vyield of 7a were obtained after 45 minutes at 200 °C.11

Long chain ester synthesis

Methyl laurate was selected as a typical fatty ester for the PTC transesterification in basic medium.
Transesterification of 1 (Scheme 4) was achieved with K2CO3 as the base and BugNBr as the phase
transfer catalyst. The main results are given in Table 3
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Scheme 4.
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Table 3. Transcsterification of 1 (1.3 g, 5 mmol) in basic medium (K2CO3) with methyl laurale (2 equiv) and BuyNBr (4%).
Microwave power: P = 150-1

Entry equiv K2CO3 Solvent (mL) Yicld (%)
1 2 DMF (2) 84
2 2 DMF (0.4) 32
3 0.7 DMF (2) 88
4 0.7 DMF (1) 64
5 1 - 15
62 2 DMF (2) 0

a) Conventional heating (thermostated oil bath) for 15 minutes or 12 hours at 160 °C.

u/it a vervy important cenecific effert of irradiation (entrv  vercce entrv 6 ac oreater with lnno
with a very important specCiiic eriect of uradiation (entry 2 versus entry o). was greater witn iong
chain compounds as yet observed during the synthesis of aromatic esters2V or the saponification of hindered
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From the dihydroxylated compound 3 (Scheme 5), selective monoesterifications as well as

diesterifications were achieved, the main results are given in Table 4.
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K,CO4 0 Q AcOH/H,O/EIOH 110 0
—— R0 \ —_— R,0-) __a-h\\
BusNBr cat. — 0\ ‘] 2-3 h, 100 °C TN
RO ».O
Bt OClil, i et OCH4
9a R}, R, = CO(CH,);(CH; 10a R;, R, = CO(CH,),oCHs
95 R, =COCH),CH, Ry=H 105 R, = CO(CH,),(CH; R,=H
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Scheme 3.

Table 4. Transcsterification of 3 (705 mg, 2.5 mmol) with mcthyl lauratc in basic medium (K2CO3) in the presence of
BuyNBr (4%) and DMF (2 mL, 10 equiv). Microwave power: P = 150-15 W.

Entry equiv K2CO3  ¢quiv methyl laurate Rcaction time Temperature (°C) 9a /9b / 9¢ (%)

1 3 4 9 min 147 27723722

2 3 4 15 min 151 56/21/19

3 3 4 30 min 147 77/ 12/ 11
42) 3 4 9 min 147 0/2/1
53) 3 4 27h 147 8/18/18

6 1.5 1.5 15 min 150 24 / 26 / 15

@) Conventional heating (thermostated o1l bath)

The diester 9a was preferentially obtained within 30 minutes using 4 equiv of methyl laurate and 3 equiv
of K2CO3 (77% yield, entry 3). After 9 minutes, the three possible products 9a-¢ were isolated in rather similar
proportions (entry 1). Conventional heating was by far less efficient (entries 4 and 5).

Among several attempts for monoesterification, the best one (entry 6) revealed rather poor selectivity.
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Hydrolysis of compounds 9a, 9b and 9¢ was performed at 100 °C in an ethanol/acetic acid/water (1/1/1)
medium. Yields were quasi quantitative in a few hours (Scheme 5). Mono and 2,6-didodecanoyl derivatives of
methyl glucoside have already demonstrated their high surface active properties and their utility as emulsifiers.26

1,4:3,6-Dianhydro-D-glucitol (isosorbide) (4) is an important by-product of the starch industry obtained
by dehydration of D-glucitol?7, available in large quantities and of low cost. Isosorbide esterifications were very
often described in the literature using long chain acids in acidic or basic medium at 230-240 °C during several

hours but yields in isolated products were not mentioned as the products were not well defined and were probably
mixtures.28 Usual esterification reactions are directed toward the 5-endo position of higher reactivity, due to0

intramolecular hydrogen bonding.5b This property was used several times for selective acylations?? but this
regioselectivity was reversed using acid chloride in pyridine.3¢
Monoesterifications by transesterification with methyi laurate in the presence of KoCO3 and various phase

transfer catalysts (4%) and solvents were achieved (Scheme 6), the main results are given in Table 5

CH;(CH»){yCOQ HO
3(CH) 1 3

Table 5. Transesterification of 4 (1.46 g, 10 mmol) with methyl laurate (2 equiv) in the presence of K2CO3 (0.7 equiv)
and a phase transfer catalyst (4%): A, Aliquat 336; B, BuyNBr. Microwave power: P=20W.

Entry Cat. Solvent (2 mL) Reaction time Temperature (°C) Total Yield (%) 11a / 11b (%)

1 A DMF 15 min 154 44 18/26

2 A DMSO 15 min 174 47 25/22

3 R DMF 15 min 159 63 38/ 258

4 B DMSO 15 min 172 44 24 /20

5 B DMSOQO 30 min 164 61 25/ 36
63 B DMF 15 min 159 <5

20 h 159 14 9/5

) . . .
4) Conventional heating (thermostated oil bath)

Some experimental parameters were modified to provide the best results, for instance, only 0.7 equiv of
K2CO3 and BugNBr as the phase transfer catalyst were necessary to obtain a 63% total yield within 15 min (entry
3). If Aliguat 336 was used as the catalyst or DMSQO instead of DMF, yields were lower (entries 1 and 2). The
irradiation power had to be adjusted to a minimum value of 20 W in order to avoid an excessive heating due to the
intrinsic polarity of the substrate. In order to optimize the yield in the presence of DMSO, 30 min under
microwave irradiation were necessary. In that case 5-O- and 2-O-dodecanoyl derivatives (11a and 11b

reqpectlvely) were isolated in a 61% total yield (entry 5). With the same reagent propomons as in entry 3, but



in conclusion, the synthesis by transesterification under basic PTC conditions from methyl esters and
several carbohydrates were realized quasi quantitatively in the presence of small amounts of DMF. Specific
activation by microwaves was largely evidenced and was more important when fatty compounds (i.e the less

reactive ones) were involved.

EXPERIMENTAL SECTION

introduced into the monomode reactor at the powers and times indicated in the tables and continuous mechanical
stirring provided a good homogeneity of the materials. The temperature was controled all along the reaction and
evaluated by an infrared detector which indicated the surface temperature (IR lecture was calibrated by according
the emissivity factor using a thermocouple introduced inside the reaction mixture). Automatic control of the
irradiation (power and temperature) as well as data processing were followed by a computer system.

Flash column chromatography was performed using 35-70 u silica gel (60) purchased from S.D.S.

(254 nm) and by heating after sulfuric acid treatment. 'H and 13C spectra were recorded at 250 MHz and 62.91
- TE AQ AMALT-, Dl AV D LN WD UMWY o aariial s AR P | 1314
MHz and at 300 MH 75.49 MHz (Bruker WP 250, WP 300 1 s; ectively). Tetramethylsilane was the

Optical rotations were determined with a Perkin-Elmer 241 polarimeter. For described compounds, 'H and 13C
NMR values were in accordance with published ones. In addition, NMR values were given for some derivatives
and [a]p values were compared with literature data.
3-0-Benzoyl-1,2:5,6-di-O-isopropylidene-o.-D-glucofuranose (5). 1,2:5,6-di-O-
isopropylidene-a-D-glucofuranose 1 (1.3 g, 5 mmol), KoCO3 (1.41 g, 10 mmol), BusNBr (60 mg, 0.2 mmol)

and methyl benzoate (1.36 g, 10 mmol) were mixed in 2 mL of DMF. This mixture was submitted to microwave

irradiation for 15 min (P: 150-15 W, T: 160 °C), no coloration was observed after this time. After cooling, the
reaction mixture was diluted with EtOAc, filtered through a pad of silica gel and the filtrate concentrated under

vaccum. The residue was purified 'Dy flash chromatography (heptane/EtOAc 8/2) to give 3-O-benzoyi-1,2:5,6-di-
(8) in 96% yield (1.74 g, 4.78 mmol). Rf 0.71 (heptane/EtOAc 1/1).

lidene-o-D-glucofuranose (5
Recrystallization from pentane; mp 63-65 °C Lit.31 mp 63-64 °C; [}, - 48° (¢ 1.32, CHCl3) Lit.3! [op - 50.2°
(EtOH).

6-0-Benzoyl-1,2:3,4-di-O-isopropylidene-co-D-galactopyranose (6). 1,2:3,4-di-O-
isopropylidene-o.-D-galactopyranose 2 (1.33 g, 5 mmol) was diluted in DMF (2 mL), KoCO3 (1.41 g, 10
mmol), Bu4NBr (60 mg 0.2 mmol) and methyl benzoate (1.36 g, 10 mmol) were added and the mixture stirred

galactopyranose3? (6) in 76% yield (1.39 g, 3.79 mmol). Rf 0.69 (heptane/ErOAc 1/1); [alp - 57° (¢ 1.26,
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Methyl 2,3-di-O-benzoyi-4,6-0- Den/yuuene -o-D-giucopyranoside (7a). Methyl 4,6-O-
benzylidene-a-D-glucopyranoside 333 (705 mg, 2.5 mmol) was mixed in the flask with KoCO3 (1 g, 7.5 mmol),

BugNBr (36 mg, 0.1 mmol) and methyl benzoate (1.37 g, 10 mmol); DMF (2 mL) added and irradiation
maintained during 15 minutes (P: 150-15 W, T: 160 °C). After cooling, the reaction mixture was filtered
through a pad of silica gel and the filtrate concentrated under vaccum. The residue was purified by flash
chromatography (heptane/EtOAc 8/2 then 7.5/2.5 and 4/6) 1o give methyl 2,3-di-O-benzoyl-4,6-O-benzylidene-
o-D-glucopyranoside (7a)34-36 in 82% yield (1.01 g, 2.06 mmol) and the monobenzoylated products 7h35.36

(7%, 65 mg, 0.17 mmol) and 7¢3536 (1%, 1() mg, 0.026 mmol). Rf 0.73 (heptane/EtQAc 1/1).

w (L0 ntan

Thzatin on Camry fmna mn
Uil blxsz piiliia ne, mp 1

Darmootn
l\\a\al]alcul L LU
CHCls) Lit.34 [a]p + 96.9° (¢ 2.828, CHCly).

Methyl 2-O-benzoyi-4,6-O-benzylidene-c-D-glucopyranoside (7b) and methyl 3-O-

benzoyl-4,6-0O-benzylidene-o-D-glucopyranoside (7¢). Methyl  4,6-O-benzylidene-a-D-

b=}
182 O 1 '.3,
a0 A i,

—
-

mn‘ AQ O fal~,
Hip 1406 o

glucopyranoside 333 (705 mg, 2.5 mmol) was mixed in the flask with KoCO3 (518 mg, 3.75 mmol), BugyNBr
(36 mg, 0.1 mmol) and methyl benzoate (411 mg, 3 mmol); DMF (2 mL) added and irradiation maintained
during 15 minutes (P: 150-15 W, T: 160 °C). After the same workup, the products were purified by column
chromatography (heptane/EtOAc 8/2 then 7.5/2.5 and 4/6) to give 10% yield of 7a (123 mg, 0.25 mmol) and

\ 14D

50% yield of the two monobenzoylated compounds: 7b (25%, 234 mg, 0.61 mmol) and 7¢ (25%, 232 mg,

=

e
~
]
-

0.61 mmol). All the products were recrystallized from CH2Cly/pentane. 7b; Rf (.65 (heptane/EtO ; mp
167-168 °C Lit.35 mp 165-166 °C; [a]p + 113° (¢ 1.20, CHCl3) Lit.? [afp + 111° (¢ 1.64, CHC}3). 7¢; Rt
4 (heptane/EtOAc 1/1); mp 219-221 °C Lit 3> mp 217-218 °C; [alp + 33° (¢ 1.04, CHCI3) Lit.36 [ap + 34°

(c 1.10, CHCly).

3-0-Dodecanoyl-1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (8). Compound 1 (1.3 g,
5 mmol) and K2CO3 (495 mg, 3.58 mmol), BugNBr (60 mg, 0.2 mmol) and methyl laurate (2.16 g, 10 mmol)
were mixed in the flask, DMF (2 mL) added and irradiation maintained during 15 minutes (P: 150-15 W, T: 160
°C). After cooling, the reaction mixture was diluted with EtOAc, filtered through a pad of silica gel and the filirate

concentrated under vaccum. The residue was purified by flash chromatography (heptane/EtOAc 9/1) to give 3-0-
dodecanoyl-1,2:5, 6-di-0—isopﬂ>p"!idcne-ae&"!ucofurzmmc (8) as a colorless oil in 88% yield (1.95 g, 4.41
mmol). Rf 0.88 (heptane/EtOAc 1/1); [ct|p ° (¢ 0.967, CHCl3); 'H NMR (250 MHgz, CDCl3): 8 0.9 [t,
3H, CH3(12Y], 1.25-1.6 {m, 30H, 4CHj isopropylidenes and 9CH,(3'-11%], 2.4 (1, 2H, CH(2)], 4.0-4.2

(m, 4H, H-4, H-5, H-6a, H-6b), 4.5 (d, 1H, H-2), 5.3 (s1, 1H, Jo3 < 1 Hz, J34 = 1 Hz, H-3), 5.9 (d, 1H, J12
= 3.8 Hz, H-1); 13C NMR (62.9 MHz, CDCl3): § 14.2 (CHs, C-12'), 25.4-26.8 (4CHj3 isopropylidenes),
22.8-25.0 and 29.2-34.4 [10CH,, C(2'-11Y], 67.4 (C-6), 72.5 (C-5), 75.9 (C-3), 80.0 (C-4), 83.5 (C-2),
105.2 (C-1), 1094, 1124 (C-7, C-8), 172.5 (C-1"). Anal. Calcd for Co4H407: C, 65.13; H, 9.57. Found:
C, 65.35; H, 9.63.

Methyl 4,6-O-benzylidene-2,3-di-O-dodecanoyl-o-D-glucopyranoside (9a). Compound 3

(705 mg, 2.5 mmol) was mixed in the flask with K2COj3 (1.04 g, 7.5 mmol), BuyNBr (36 mg, 0.1 mmol) and
NS Y s pUIpG. Y YA Iﬂ l Y _...A.. PR IS [ S R L., . 11 . ~ N . . /™
mimnoi). DME (2 ML) WES aadaea anda rradlainon maintaned auring 35U minutes (P

A
]
C). After cooling, the reaction mixture was filtered through a pad of silica gel and the filtrate
concentrated under vaccum. The residue was purified by flash chromatography (heptane/EtOAc 9/1 then 8/2 and

7.5/2.5) 1w give methyl 4,6-O-benzylidene-2,3-di-O-dodecanoyl-a-D-glucopyranoside (9a) in 77% yield (1.24
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(heptane/EtOAc 1/1). Recrystallization from CHoCly/pentane; mp 68 °C; |a]p + 35° (¢ 1.09, CHCls); 'H NMR
(250 MHz, CDCl3): 8 0.9 [t, 6H, CH3(12") and CH3(12")], 1.25 [m, 32H, 8CH,(4'-11") and 8CH,(4"-11")],
1.6 [m, 4H, CH»(3") and CH2(3")], 2.3 [m, 4H, CH»(2") and CH»(2")], 3.4 (s, 3H, OCH3), 3.65 (t, 1H, J3 .4
=J45 = 9.6 Hz, H-4), 3.77 (t, 1H, Js gux = Joax.60q = 10 Hz), 3.93 (m, 1H, H-5), 4.3 (dd, 1H, J5 geq = 4.6 Hz,
Jocq,6ax = 10 Hz, H-6eq), 4.87 (m, 1H, H-2), 4.95 (m, 1H, H-1), 5.5 (s, I1H, H-7), 5.6 (t, I1H, Jp3 =J34 =
9.6 Hz, H-3), 7.2-7.4 (m, 5H, Ph); 13C NMR (62.9 MHz, CDCl3): & 14.2 (2CHs, C-12' and C-12"), 22.8-
34.4 [20CH3, C(2'-11") and C(2"-11")], 55.5 (OCHj3), 62.5 (C-5), 68.7 (C-3), 69.0 (C-6), 71.5 (C-2), 79.5
(C-4), 97.8 (C-1), 101.6 (C-7), 126.2-129.1 (5CH, Ph), 137.1 (Cquat, Ph), 172.6, 173.3 (C-1'

AT iy, g ,x

Anal. Calcd for CpgHerOg: C, 70.55; H, 9.66. Found: C, 70.13; H, 9.54.

Methyl 4,6-0-benzylidene-2-0-dodecanoyl-o-D-glucopyranoside (9b) and
(O-benzyiidene-3-G-dodecanoyi-a-D-giucopyranoside (Yc). Compound 3 (705 mg, 2.5 mmoi) was
mixed in the flask with K2CO3 (518 mg, 3.75 mmol), BugyNBr (32 mg, 0.1 mmol) and methyl laurate (802 mg,
3.75 mmol). DMF (2 mL) was added and irradiation maintained during 15 minutes (P: 150-15 W, T: 150 °C).
After the same workup, the products were purified by column chromatography (heptane/EtOAc 9/1 then 8/2 and
7.5/2.5) to give 24% yield of 9a (353 mg, 0.55 mimol) and 41% yield of the two monoesters: 9b (26%, 308
mg, 0.67 mmol) and 9¢ (15%, 176 mg, 0.40 mmol). All the products were recrystallized from CHyCly/pentane.
9b; Rf0.69 (heptane/EtOAc 1/1); mp 90-91 °C Lit.37 mp 87-89 °C, [alp + 70° (¢ 1.175, CHCl3); 'H NMR

Py

(300 + DY 8§00t 3 CHA (1201, 125 Im. 16H. CH-4'-11Y1 1.6 11, 2H H-3 24+ 2
[RRAVAVINL /¥ VPR U0 V4 G2 X V2T VARV SN R PRRNS & PR ST I A L R 5 Y 4 1y A2\ Jly 3.8 by, &LEkXy NoLAP\J Jfy & Uy i,
CLI AN Y AS (A4 1L NN 2 4 7o 20 NOU 2 &8 ¢+ 111 T =98 Hz H-4). 375 (t. 1H. ]
Lr(2)], <40 (4, 1, vnj, 5.4 (8§, 2N, ULng), 203 (I, 111, J34 =045 = ¥.06 1NZ, 11-4), 5.75 (I, 111, Jeax,6eq
= Js.6ax = 9.6 Hz, H-6ax), 3.85 (m, 1H, H-5), 4.17 (1, 1H, Jo3 = J34 = 9.8 Hz, H-3), 4.3 (dd, 1H, Js,geq =

4.4 Hz, jécq_6ax 9.6 Hz, H-6eq), 4.78 (dd, 1H, Io3=9.8 Hz, H-2), 495 (d, 1H, 12 = 3.6 Hz, H-1), 5.55
(s, 1H, H-7), 7.2-7.5 (m, 5H, Ph); 13C NMR (75.5 MHz, CDCl3): & 14.2 (CHs, C-127), 22.8-34.3 [10CH,,
C(2-11%], 55.5 (OCH3), 62.1 (C-5), 68.9 (C-3), 69.0 (C-6), 73.6 (C-2), 81.5 (C-4), 97.8 (C-1), 102.2 (C-7),
126.4-129.4 (5CH, Ph), 137.3 (Cquat, Ph), 173.7 (C-1). 9¢; Rf 0.49 (heptane/EtOAc 1/1); mp 123-126 °C
Lit37 mp 115-117 °C; [a]p + 66° (c 1.297, CHCl3); 'H NMR (300 MHz, CDCl): § 0.9 [t, 3H, CH3(12))],
1.25 [m, 16H, CHy(4'-119], 1.6 [t, 2H, CH2(3)], 2.3 (sl, 1H, OH), 2.4 [t, 2H, CHy(2)], 3.45 (s, 3H,

QCH»), 357 (t, 1H, J45 = 9.8 Hz, H-4), 3.65 (i, 1H, H- ?\ 375 (1, IH. 1< cax ann = 100 Hz. H-6ax)
VICII3), 2.7 (L, I, U458 2.0 INZ, r'i-2), 2.0, (L » 45.6ax 6ax,6eq 1Y iz, 1-0ax),
QLVLRE (v TH H. &Y A 2344 1HH T, . —AA H» T, . — 1NV Hs W AxnY AR (A TH T, . — 24 T LI 1)
2.0\, 111, 1-J3), 4.0 \GG, 110, J5,6cq = 4.0 1ML, Jgeq,6ax = LU NZ, T1-0C{), 4.0 (U, 101, J12 = 3.0 1Z, 11-1),
£ 737 o 177 T T N Q ¥r_ T D\ & A0 s 11 B hY T N Mg - Zrr ML 12,7 ATR AT LM M O NAYY

2.5 (L, 1, J23 = J34 = Y.0 I1Z, IN-3), 2.40 S5, 11, rn-/), /.£5-/7.0 (M, Jr1, rn); *“U INVIK {(DL.Y WMIiZ,

o] .
CDCl3): 6 14.2 (CH3, C-12), 22.8-34.6 (10CH,, C(2'-11{, 55.7 (QOCH~), 62.9 (C-5), 69.0 (C-6), 72.0 (C-
2), 72.2 (C-3), 78.9 (C-4), 100.3 (C-1), 101.6 (C-7), 126.2-129.1 (5CH, Ph), 137.2 (Cquat, Ph), 174.1 (C-1).
Methyl 2,3-di-O-dodecanoyl-a-D-glucopyranoside (10a). Compound 9a (2.88 g, 4.45 mmol)
was dissolved in 110 mL of a solution of EIOH/CH3COOH/H,O 5/3/3. After 3 hours at 100 °C, the reaction

mixture was concentrated under vaccum. The residue was puritied by flash chromatography (heptane/EtOAc 1/1)
to give methyl 2,3-di-O-dodecanoyl-a-D-glucopyranoside (10a) in 80% yield (1.98 g, 3.54 mmol). Rf 0.69
(EtQAc); re('rvqmllwed from pentane; mp 81-82 °C; lalp + 77° (¢ 1.065, CHCly), TH NMR (250 MHz.

LRSS IR YRIAIILACA 2R PUintaly P RSS9 \L \&J2U WYAL14,

CDCl3): 6 0.95 [t, 6H, CH4(12") and CH3(12™)], 0.9 {t, 3H, CH3(12],

[
'%" IR

TT FAM 1111\ 1 & 1 £8 [ ALY el P PiV2s AANPRUER IRVl & § I3 1
, 2.1 (L, 1n,

8CH,(4"-11")], 1.5-1.65 [m, 4H, CH3(3") and CH,

2
2 ]
2.95 5-3.7

CH,(2M1, 2.95 (d, 1H, OH), 3.4 (s, 3H, OCHg), 3.67

5 (m
6ax), 4.85 (dd, 1H, H-2), 4.92 (d, 1H, J; 5 = 2 Hz, H )52
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(670 MUs CNOLY &R 149 ICH. .19 and 219" 97 2.24 § [DOCH,. O 11 and 037 11M1 &8 A
\UVL.7 LViL 1L, \/U\.,l_’). U iYL \4\/[1_5, A g Al T le )y && O 0.0 lL\l\/lll, & 1) g \.'\L 11 }J, JdJ. T
I7avYal 8 S Vo Nia BV & & BV 4\ te V4 Ne BRFY o BV AN by FAN Y & BEe DY -1 A e /1\ i ko VRN o Bk BY N"1 N 7M1 1=y N 17 1 Y 11 PR Y o}
(OCHgjy), 62.2 (C-06), 70.3 (C-5), 70.6 (C-2), 71.4 (C-4), 73.6 (C-3), 97.0 (C-1), 173.2, 175.1 (C-1" and C-
1"). Anal. Calcd for C31Hs0g: C, 66.63; H, 10.46. Found: C, 66.52; H, 10.52.

Methyl 2-O-dodecanoyl-o-D-glucopyranoside (10b). Compound 9b (982 mg, 2.11 mmol)
was dissolved in 40 mL of a solution of EtOH/CH3;COOH/H,0 1/1/1. After 2 hours at 100 °C, the reaction

mixture was concentrated under vaccum. The residue was recrystallized from CHCly/pentane to give methyl 2-
O-dodecanoyl-a-D-glucopyranoside (10b) in 96% yield (764 mg, 2.03 mmol). Rf 0.37 (EtOAc), mp 70 <C
Lit.3 mp 67-69 °C; [alp + 109° (¢ 1.05, pyridine) Lit.38 [a]p + 108.1° (¢ 1.0, pyridine); 'H NMR (250 MHz,

CDCl3): § 0.9 [1, 3H, CH3(12)], 1.25 [m, 16H, 8CH(4-11")], 1.6 [m, 2H, CH»(3)], 2.4 [m, 2H, CHy(2')],

SLN~ 1y =

3.35 (s, 3H, OCH3), 3.57 (m, 1H, H-4), 3.65-3.75 (m, 1H, H-5), 3.75-3.95 (m, 3H, H-3, H-6eq, H-6ax), 4.7

£ O NALY M. KR 1TAN SOIY

— 72 LI LI 1\. 13D \nn VS oY .
0L.7 Vingz, CULi3). O 14.2 (LHs,

1
n,Jij2=21rig, ri-i), 7O IN

Ul o~
1

1
C-12, 22.8-34.2 [10CH,, C(2'-119], 55.3 (OCHa), 61.1 (C-6), 69.8 (C-5), 71.1 (C-4), 71.6 (C-3), 73.1 (C-
2), 97.2 (C-1), 174.2 (C-1").

Methyl 3-O-dodecanoyl-a-D-glucopyranoside (10¢). Compound 9¢ (913 mg, 1.97 mmol) was
dissolved in 40 mL of a solution of EtOH/CH3COOH/H>O 1/1/1. After 2 hours at 100 °C, the reaction mixture
was concentrated under vaccum. The residue was recrystallized from CHCly/pentane to give methyl 3-0-
dodecanoyl-at-D-glucopyranoside (10¢) in 94% yield (695 mg, 1.85 mmol). Rf 0.26 (FtOAc); mp 67-69 °C,
[alp + 116° (¢ 1.017, CHCl3); TH NMR (250 MHz, CDCl3): 8 0.9 [t, 3H, CH3(12"], 1.3 [m, 16H, 8CHy(
2.0 (sl, 1H, OH), 2.35 (d, 1H, OH), 2.45 [t, 2H, CH4(2)1,

fvv Y U _Ran LI_Aa

2
wm 2V T A IS IOy 2.2 > v} A
v} \il, <, ri-ol{}, ri-vdaxj, 4.

311, =%, 11-J, [i-&j, 2.0-3.

.05 (t 1H, J; 3 = J34 = 9Hz, H-3); 13C NMR (62.9 MHz, CDCl3): & 1
7-34.4 [lU(,Hz, C(2'-11%], 55.3 (OCHy), 61.7 (C-6), 68.7 (C-5), 70.8 (C-2), 71.5 (C-4), 76.2 (C-3), 9
(C—l), 175.6 (C-1"). Anal. Calcd for CigH3404, 1/4 Hy0: C, 59.89; H, 9.66. Found: C, 60.01; H, 9.51.
1,4:3,6-Dianhydro-5-0O-dodecanoyl-D-glucitol (1la) and 1,4:3,6-dianhydro-2-0-
dodecanoyl-D-glucitol (11b). Dry isosorbide (10) (1.46 g, 10 mmol) was mixed in the flask with K;CO3
(967 mg, 7 mmol), BugNBr (128 mg, 0.4 mmol) and methyl laurate (4.48 g, 20 mmol). DMF (2 mL) was

added and irradiation maintained during 15 minutes (P: 20 W, T: 159 °C). After cooling, the reaction mixture

o
wh
V —_ oo L

was filtered through a pad of silica gel and the filtra /as cancentrated under vaccum. The recidue was nurified
was fitered througn a pad of siica gel 1€ concentrated unger vaccum.  IThe residue was punified
by floch ahemeaategrambhy fhantana ITHOYA » R than T/ o give Fieer 1 A2 & Aiambdon Y ) Ao don o 1 P T
DYy nasn cnromatograpny (neplane/ cliiuAC o/ I //5) 10 give 1irst 1,410,0-Giannyar 2-0- uuuct.d.nu_yl gluuLUI
(11b) (820 mg, 2.5 mmol) and then 1,4:3,6-dianhydro-5-0-dodecanoyl-D-glucitol (11a) (1.25 g, 3.81 mmol) in

63% total yield. 11a; colorless oil; Rf0.45 (heptane/EtOAc 1/1); [ap + 59° (¢ 1.0, CHCI3); 'H NMR (250
MHz, CDCla): 8 0.9 [t, 3H, CH3(C-12"], 1.3 [s], 16H, 8CH»(4'-11)], 1.6 [m, 2H, CH»(3)], 2.35 [t, 2H,
CH2(2)], 2.8 (m, 1H, OH), 3.75 (dd, 1H, Jg,6p = 10 Hz, J5 ¢, = 5 Hz, H-6b), 3.9 (m, 3H, H-1a, H-1b, H-
6a), 4.3 (s, 1H, Iy 5 <1 Hz, H-2),4.4 (d, 1H, J,3 < 1 Hz, H-3), 4.85 (1, 1H, J34 =J45 = 5 Hz, H-4), 5.15
(ddd, 1H, H-5); 13C NMR (62.9 MHz, CDCl3): & 14.1 (CH3, C-12"), 22.7-34.1 (10CH,, C-2' to C-11",
70.4 (C-6), 74.0 (C-5), 75.5 (C-1), 76.2 (C-2), 80.4 (C-4), 88.3 (C-3), 173.4 (C-1). Anal. Calcd for

CigH3,05: C, 65.82; H, 9.82. Found: C, 65.85; H, 9.99. 11b; Rf 0.55 (heptane/EtQAc 1/1). White solid
recrystallized from pentane; mp 79 °C Lit.39 mp 73-74 °C (methanol, n-hexane); [o]p + 44° (¢

1U NAAD /SN NALY.. YN SNO 1+ ALY LI 717 1 2 TI.1 1AL QMLY /7A4' 11 TT SN
ILINIVIRN (4JVU IVINEZ, LiLay)l O U7 i, on, UrigliZ j], 1.2 |81, 10, ouni4-11 )y, 0 |in, 21, CUrig( ,
2.3 {t, 2H, CHa(2)], 2.65 (s, iH, OH), 3.55 (dd, iii, J5¢, = 5.8 Hz, H-6b), 3.9 (dd, iH, ise. = 6 Hz,



0

Jea,6b = 10 Hz, H-6a), 4.0 (d, 2H, J14,1b = 2.8 Hz, H-1a, H-1b), 4.3 (ddd, 1H, H-5), 4.45 (d, 1H, Ja3 < 1
Hz, H-3), 4.6 (t, 1H, J34=1J45 = 5 Hz, H-4), 5.23 (s, 1H, J; 5 < 1 Hz, H-2); '3C NMR (62.9 MHz, CDCl):
3 14.1 (CHs, C-12", 22.7-34.2 (10CH,, C-2' to C-11"), 72.4 (C-5), 73.6 (C-6), 73.7 (C-1), 78.2 (C-2), 82.0
(C-4), 85.8 (C-3), 172.8 (C-1'). Anal. Calcd for C1gH3205: C, 65.82; H, 9.82. Found: C, 65.98; H, 9.72.
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