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Lipase-catalyzed transesterification in organic solvents has proved to be more effec- 
tive, in many instances, than the conventional esterification procedure [1]. It can be used 
for the production of optically active materials and for the resolution of racemic 
compounds. In order to utilize enzymatic catalysis effectively in organic solvents, it is 
necessary to avoid the deactivation or denaturation of enzymes. Two approaches have 
been successfully developed to reach this goal. In the first method, a section of amino 
acids in an enzyme is modified with an amphiphilic synthetic polymer, poly(ethylene 
glycol) [2]; in the second one, the surface of the enzyme is coated with surfactant [3]. 
These modified enzymes are almost entirely soluble in organic solvents, and show 
higher reaction rates compared to the powder enzyme [4]. In the former, some of the 
enzymatic activities are decreased due to polymer  modification, and their preparation is 
more difficult than that of the latter. Goto et al. [5] have prepared several surfactants for 
modifying enzymes and have investigated the effects of  coating surfactants on the 
enzyme activity. The stability and reactivity of  the enzymes used are strongly dependent 
on the type and structure of the detergents. Nonionic detergents were considered to be 
the most useful for modification of enzymes. Dialkyl glucosylglutamates containing a 
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monosaccharide [6,7] were used as the glycolipids in the research field of lipase coated 
with glycolipid in enzymatic catalysis. To broaden the scope of this promising method- 
ology, the development of chemically defined glycolipids is very important. Further- 
more, glycolipids containing an oligosaccharide as a polar head group are considered to 
be very useful lipids for the modification of enzymes [6]. The present investigation has 
been aimed at developing an efficient synthetic method to prepare a series of glycolipids 
which have not only an oligosaccharide but also two long alkyl chains. 

1. Results and discussion 

The general synthetic procedure for dialkyl N-[ N-(4-1actonamidobutyl)succinamoyl]- 
L-glutamates 7 a - d  (a: R = dodecyl, b: R = tetradecyl, c: R = hexadecyl, d: R = dodecyl) 
is shown in Scheme 1. The synthetic route includes lactonization of lactonic acid 
(1 ~ 2), aminolysis of the lactonolactone with 1,4-butanediamine (2 ~ 3), esterification 
of L-glutamic acid with various higher alkyl alcohols (4 ~ 5a-d) ,  condensation of the 
dialkyl L-glutamate and succinic anhydride (5a -d  ~ 6a-d) ,  and coupling of compounds 
3 and 6 (3 + 6 a - d  ~ 7a-d) .  Each of the glycolipids is an amphiphile consisting of a 
hydrophilic oligosaccharide and two hydrophobic long alkyl groups. The properties of 
the synthetic compounds are listed in Table 1. In order to synthesize 7, two kinds of 
reagents were used. In one, 
bearing two long alkyl chains 
phosphorocyanidate (DEPC). 
N-hydroxysuccinimide in the 

the aminobutyl-lactonamide 3 and a carboxylic acid 6 
condensed under the action of the coupling reagent diethyl 
In the other, the carboxyl group of 6 was activated with 
presence of dicyclohexylcarbodiimide (DCC) [8]; reaction 

with 3 then gave 7 (see Expt. no. 7a-1 of Table 2). The results for the coupling reagents 
and the effects of the three kinds of solvent on 7a are shown in Table 2. The yield of 7a 
in the case of reagent DEPC was higher than that with the DCC method. In the method 
using DEPC, because 3 was not completely soluble in THF, the yield of 7a in THF was 
lower than that in Me 2 SO or DMF. The best yield of 7a was obtained in DMF. Since 
the boiling point of Me 2 SO is higher than that of DMF, the solvent must be removed at 
a higher temperature, and the purification of the desired products was therefore difficult. 
As shown in Table 1, the coupling of 3 and 6 a - d  was conveniently achieved with 
moderate yields, under the action of DEPC. The addition of triethylamine to generate a 
carboxylate anion from the carboxylic acid may be essential to promote the reaction [9]. 
However, the coupling reagent DCC was less effective than DEPC in this reaction 
system. 

2. Conclusion 

The glycolipids containing an oligosaccharide and two long alkyl chains have been 
prepared by a simple and efficient method. These glycolipids can be manufactured by 
this method on a large scale, when necessary. These glycolipids will be particularly 
useful for enzyme modification, to give organic-solvent-soluble reagents of lipase [10]. 
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3. Experimental 

General.--IR spectra were determined on a Hitachi IR-251 spectrophotometer. NMR 
spectra were recorded in CDC13 or Me2SO-d 6 solution using a JEOL-EX-270 instru- 
ment with reference to tetramethylsilane as an internal standard. The optical rotations 
were measured on a HORIBA SEPA-200 high-sensitivity polarimeter. Melting points 
(Pyrex capillary) are uncorrected. 

Materials.--Lactonic acid (lactobionic acid) and 1,4-butanediamine were purchased 
from Tokyo Kasei Co. Ltd., and succinic anhydride and diethyl phosphorocyanidate 
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Table 1 

Properties of synthetic compounds 

Compound Formula Mp (°C) Yield a (%) [or ]D ~ (deg) Analytical  data (%) 

Found (Calcd) 

C H N 

6a C33H61NO 7 5 6 - 5 8  64 - 

6b C37H69NO 7 66 -68  61 - 

6c C41H77NO 7 76 -77  84 - 

6d C45H85NO 7 7 9 - 8 0  87 - 

7a C49H9tN3OI7 154-156 44 + 8.7 (c 1.0) b 

7b C53H99N3OI7 163-165 43 + 7 . 2  (c  1.0) b 

7C C57HI07N3OI7 150-152 40 + 6 . 3  (c  0.8) c 

7d C61 HI 15N3OI7 123-125 37 + 5 . 6  (c  0.5) d 

67.50 10.69 2.53 
(67.88 10.53 2.40) 

68.83 11.17 2.21 
(69.44 10.87 2.19) 

70.87 11.62 1.97 

(70.75 11.15 2.01) 
72.03 12.09 1.86 

(71.85 11.39 1.86) 

59.81 9.12 4.16 

(59.91 9.23 4.23) 
60.75 9.72 3.84 

(60.60 9.50 4.00) 
61.56 9.72 3.76 

(61.87 9.75 3.80) 
63.27 10.02 3.73 

(63.02 9.97 3.62) 

a Described in Experimental.  
b In Me2SO. 

c In 20:4:1 M e 2 S O - C H C I a - M e O H .  

d In 5:4:1 M e 2 S O - C H C I 3 - M e O H .  

(DEPC) from Wako Co. Ltd.. Tetrahydrofuran (THF) was dried over Na metal under 
reflux and distilled just before use. Dimethylformamide (DMF) was distilled under 
vacuum before use. 

Table 2 

The investigation of the coupling reagents and the effect of reaction solvents on glycolipid 7a 

Expt 6a HSI a DSS ~ Me 2SO DMF THF DEPC c TEAd 3 Me 2SO Yield 
no. (mmol)  (mmol)  (mmol)  (mL) (mL) (mL) (mmol)  (mL) (mmol)  (mL) (%) 

7a-I  e 1.72 2.57 2.57 4 . . . .  1.72 3.5 15 

7a-2 f 1.50 . . . .  12 2.17 2.1 1.40 - 27 
7a-3 g 1.50 - - - 12 - 2.17 2.1 1.40 - 44 
7a-4 h 1.50 -- -- 12 -- -- 2.17 2.1 1.40 -- 22 

HSI: N-Hydroxysuccinimide.  
b DCC: dicyclohexylcarbodiimide.  
c DEPC: diethyl phosphorocyanidate. 
d TEA: triethylamine. 

e r.t., activation, 1 day; r.t., amidation, 2 days. 
f Reflux 19 h. 

g r.t., 3 days. 
h 

r.t., 3 days. 
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A typical example of the preparation of the a series (R = C 1 2 H 2 5 )  of intermediates 
and glycolipids is given (the procedures for cases b: R = C14H29, c: R = C 1 6 H 3 3 ,  and d: 
R = C 18 H37 are omitted, but the corresponding compounds can be obtained according to 
the same method). 

Lactonolactone (2) [11-14].--In a 500-mL flask, lactonic acid (1) (25 g, 69.77 
mmol) was dissolved in 2-methoxyethanol (130 mL). The solution was heated and 
stirred, then diluted with toluene (65 mL) and concentrated. When the temperature of the 
distilled solution reached the boiling point of 2-methoxyethanol, addition of 2- 
methoxyethanol (130 mL) and toluene (65 mL) followed by concentration were repeated 
twice. Finally, after cooling of the solution crystalline lactonolactone was collected from 
the filter and washed with cooled 2-methoxyethanol. Yield: 17.17 g (72%); mp 196-197 
°C, lit. [9] 195-196 °C; IR (KBr): v 1740 cm -j (lactone). 

N-(4-Aminobutyl)lactonamide (3).--This compound was prepared from aminolysis of 
lactonolactone with 1,4-butanediamine according to ref. [ 15]. 

Dialkyl L-glutamates (5).--Compounds 5a-d  were synthesized by esterification of 
L-glutamic acid with higher alkyl alcohols (a: dodecanol, b: tetradecanol, c: hexade- 
canol, d: octadecanol), according to ref. [16]. 

Didodecyl N-(3-carboxypropanoyl)-L-glutamate (ra) [17,18].--Didodecyl L-gluta- 
mate hydrochloride (13 g, 24.99 mmol) was dissolved in dry THF (170 mL), Et3N (5.4 
mL, 38.81 mmol) was added, and the mixture was stirred for 20 min at 45-50 °C. The 
precipitate of triethylamine hydrochloride was removed by filtration to give didodecyl 
L-glutamate (Sa) as the free amine. Succinic anhydride (2.5 g, 24.99 mmol) and dry THF 
(88 mL) were added and the mixture was heated under reflux for 6 h. Finally, the THF 
was removed in vacuo. The residue was extracted with CHCI 3 (130 mL), and washed 
with distilled water (150 mL) three times so that unreacted succinic anhydride was 
removed as succinic acid. Recrystallization of the residual solid from MeOH (30 mL) 
gave 6a (9.29 g, 64%); mp 56-58 °C; IR (KBr): 3350 (N-H), 1720, 1680 cm -~ (C=O); 
IH NMR (270 MHz, CDC13, Me4Si): 6 0.89 (t, 6 H, J 6.93 Hz, Me × 2), 1.28 (bs, 36 
H, Me(CH2) 9 × 2), 1.62 (t, 4 H, J 6.76 Hz, Me(CH2)gCH 2 X 2), 1.91-2.24 (m, 2 H, 
NHCHCH2), 2.39 (m, 2 H, NHCHCH2CH2), 2.55, 2.68 (2 t, 4 H, J 6.85 Hz, 
NHCO(CH2)zCOOH), 4.00-4.16 (m, 4 H, CH2OCO × 2), 4.60 (m, 1 H, NHCH), 6.78 
(m, 1 H, NH), 9.88 (s, 1 H, COOH); 13C NMR: 6 14.12 (Me × 2), 22.70-31.93 
[Me(CH2)I0×2, NHCHCH2CH2], 51.88 (NHCH), 65.08, 65.95 [(CHz)2COOH], 
76.60, 77.56 [Me(CH2)IoCH2OCO], 172.09, 172.20 [Me(CH2)IIOCO], 173.12 (NHCO), 
176.82 (COOH). 

Compounds 6b-6d were prepared in a similar way. 
6b: Yield 10.20 g (61%); mp 66-68 °C; IR (KBr): 3350 (N-H), 1720, 1680 cm -1 

(C=O); 1H NMR: 6 0.88 (t, 6 H, J 6.86 Hz, Me × 2), 1.28 (bs, 44 H, Me(CH2)ll × 2), 
1.61 [t, 4 H, J 6.76 Hz, Me(CH2)~ICH 2 × 2], 1.91-2.24 (m, 2 H, NHCHCH2), 2.37 
(m, 2 H, NHCHCH2CH2), 2.55, 2.68 [2 t, 4 H, J 6.85 Hz, NHCO(CH2)2COOH], 
4.00-4.16 (m, 4 H, CH2OCO × 2), 4.61 (m, 1 H, NHCH), 6.78 (m, 1 H, NH), 9.86 (s, 
1 H, COOH); ~3C NMR: 6 14.12 ( M e × 2 ) ,  22.70-32.69 [Me(CH2)~2 × 2, 
NHCHCH2CH2], 51.81 (NHCH), 65.03, 65.88 [(CH2)2COOH], 76.60, 77.56 
[Me(CH2)IzCH2OCO], 172.07, 172.18 [Me(CH2)13OCO], 173.06 (NHCO), 176.35 
(COOH). 
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6c: Yield 15.72 g (84%); mp 76-77 °C; IR (KBr): 3350 (N-H), 1720, 1680 cm -1 
(C=O); 1H NMR: 6 0.88 (t, 6 H, J 6.60 Hz, Me × 2), 1.26 [bs, 52 H, Me(CH2)13 × 2], 
1.61 [t, 4 H, J 6.76 Hz, Me(CH2)13CH2 × 2], 1.95-2.23 (m, 2 H, NHCHCH2), 2.38 
(m, 2 H, NHCHCH2CH2), 2.56, 2.69 [2 t, 4 H, J 6.85 Hz, NHCO(CH2)2COOH], 
4.03-4.15 (m, 4 H, CH2OCO × 2), 4.60 (m, 1 H, NHCH), 6.78 (m, 1 H, NH), 9.84 (s, 
1 H, COOH); 13C NMR: 6 14.14 (Me×2) ,  22.71-31.95 [Me(CH2)I4×2, 
NHCHCH2CH2), 51.88 (NHCH), 65.08, 65.97 [(CH2)2COOH], 76.58, 77.54 
[Me(CH2)I4CH2OCO], 171.86, 172.02 [Me(CH2)IsOCO], 173.13 (NHCO), 176.73 
(COOH). 

6d: Yield 17.0 g (87%); mp 79-80 °C; IR (KBr): 3350 (N-H), 1720, 1680 cm -~ 
(C=O); IH NMR: 6 0.88 (t, 6 H, J 6.61 Hz, Me × 2), 1.26 [bs, 60 H, Me(CH2)~5 × 2], 
1.61 [t, 4 H, J 6.76 Hz, Me(CH2)15CH2 X 2], 1.91-2.35 (m, 2 H, NHCHCH2), 2.40 
(m, 2 H, NHCHCH2CH2), 2.57, 2.69 [2 t, 4 H, J 6.85 Hz, NHCO(CH2)2COOH], 
4.00-4.16 (m, 4 H, CH2OCO × 2), 4.61 (m, 1 H, NHCH), 6.78 (m, 1 H, NH), 9.84 (s, 
1 H, COOH); 13C NMR: 6 14.12 (Me×2) ,  22.71-31.95 [Me(CH2)I6 × 2, 
NHCHCH2CH2], 51.88 [NHCH], 65.08, 65.97 [(CH2)2COOH], 76.58, 77.52 
[Me(CH2)16CH2OCO], 171.84, 172.02 [Me(CH2)17OCO], 173.13 (NHCO), 176.73 
(coon). 

Didodecyl N-[ N-( 4-lactonamidobutyl)succinamoyl]-L-glutamate (7a).--Compound 3 
(1.80 g, 4.20 mmol) was completely dissolved in DMF (30 mL) with heating, and 
triethylamine (0.87 mL, 6.3 mmol) and 6a (2.64 g, 4.53 mmol) were added successively. 
The reaction system was then cooled to 15 °C, coupling reagent DEPC was slowly 
added, and the mixture was stirred for 3 days at 25-30 °C. Finally, solvent DMF was 
removed in vacuo (oil bath < 78 °C). The residue was recrystallized from acetone (60 
mL), and chromatography on silica gel with 1:3 MeOH-CHC13 as the eluent then 
yielded 7a (1.84 g, 44%); mp 154-156 °C; IR (KBr): 3375 (OH), 1740, 1680 cm -~ 
(C=O); 1H NMR (270 MHz, Me2SO-d 6, Me4Si): 0.87 (t, 6 H, 6.77 Hz, Me × 2), 
1.08-1.47 (m, 40 H, Me(CH2) 9 × 2, NHCH2(CH2)2CH2NH], 1.47-1.61 [m, 4 H, 
Me(CH2)9CH 2 x 2], 1.74-2.04 [m, 4 H, NHCH(CH2)2COO], 2.20-2.45 [m, 4 H, 
NHCO(CH2)2CONH], 2.51-4.94 [m, 29 H, sugar-CONHCH2(CH2)2CH2NH, 
CH2OCO × 2, sugar hydrogens], 5.18 (m, 1 H, NHCH), 7.58 (m, 1 H, sugar-NH), 
7.80 (m, 1 H, NHCOCH2CH2CO), 8.23 (m, 1 H, NHCHCH2CH2); 13C NMR: 6 14.50 
(Me × 2), 22.70-31.92 [Me(CH2)10 × 2, NHCH(CH2)2, NH(CH2)4], 52.62 (NHCH), 
61.28, 62.93 (sugar-CH2OH × 2), 64.51, 64.96 (NHCOCH2CH2CO), 71.07, 71.76 
(CH2OCO), 83.58, 105.21 (sugar methine carbons), 172.35 (CH2OCO × 2), 172.62, 
172.74 (CH 2 NH COCH 2, sugar-CONH, CHNH CO). 

Compounds 7b-Td were prepared in a similar way. 
7b: Yield 1.89 g (43%); mp 163-165 °C; IR (KBr): 3375 (OH), 1740, 1680 cm -~ 

(C=O); ~H NMR: 6 0.85 (t, 6 H, J 6.75 Hz, Me×2) ,  1.08-1.47 [m, 48 H, 
Me(CH2)11 × 2, NHCH2(CH2)2CH2NH], 1.47-1.61 [m, 4 H, Me(CH2)tlCH 2 × 2), 
1.74-2.04 (m, 4 H, NHCH(CHz)2COO], 2.20-2.45 [m, 4 H, NHCO(CH2)2CONH], 
2.51-4.94 [m, 29 H, sugar-CONHCH2(CH2)zCHzNH, CHzOCO × 2, sugar hydro- 
gens], 5.18 (m, 1 H, NHCH), 7.58 (m, 1 H, sugar-NH), 7.80 [m, 1 H, 
NHCOCH2CH2CO), 8.23 (m, 1 H, NHCHCH2CH2); ~3C NMR: 6 14.52 (Me × 2), 
22.68-31.90 [Me(CH2)12 X2, NHCH(CH2)2, NH(CH2)4], 52.62 (NHCH), 61.28, 
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62.93 (sugar-CH2OH × 2), 64.53, 64.95 (NHCOCH2CH2CO), 71.05, 71.78 
(CH2OCO), 83.56, 105.24 (sugar methine carbons), 172.34 (CH2OCO), 172.61,172.75 
(CH2NHCOCH 2, sugar-CONH, CHNHCO). 

7c: Yield 1.86 g (40%); mp 150-152 °C; IR (KBr): 3375 (OH), 1740, 1680 cm -~ 
(C=O); 1H NMR: 8 0.86 (t, 6 H, J 6.69 Hz, Me×2) ,  1.08-1.47 [m, 56 H, 
Me(CH2)J3 × 2, NHCH2(CH2)2CH2NH], 1.47-1.61 [m, 4 H, Me(CH2)I3CH 2 × 2], 
1.74-2.04 [m, 4 H, NHCH(CH2)2COO], 2.20-2.47 [m, 4 H, NHCO(CH2)2CONH], 
2.48-4.93 [m, 29 H, sugar-CONHCH2(CH2)2CH2NH, CH2OCO X 2, sugar hydro- 
gens], 5.18 (m, 1 H, NHCH), 7.53 (m, 1 H, sugar-NH), 7.82 (m, 1 H, 
NHCOCH2CH2CH2CO), 8.26 (m, 1 H, NHCHCH2CH2); 13C NMR: 6 14.51 (Me X 2), 
22.71-31.89 [Me(CH2) u X2, NHCH(CH2) 2, NH(CH2)4], 52.59 (NHCH), 61.31, 
62.94 (sugar CH2OH × 2), 64.51, 64.94 (NHCOCH2CH2CO), 71.06, 71.77 
(CH2OCO), 83.61, 105.18 (sugar methine carbons), 172.31 (CH2OCO X 2), 172.58, 
172.71 (CH 2 NH COCH 2, sugar-CONH, CHNHCO). 

7d: Yield 1.79 g (37%); mp 123-125 °C; IR (KBr): 3375 (OH), 1740, 1680 cm -l 
(C=O); IH NMR: 6 0.87 (t, 6 H, J 6.71 Hz, Me×2),  1.08-1.47 [m, 64 H, 
Me(CH2)I5 × 2, NHCHR(CHa)2CH2NH], 1.47-1.61 [m, 4 H, Me(CH2)IsCH 2 × 2], 
1.74-2.04 [m, 4 H, NHCH(CH2)2COO], 2.20-2.47 [m, 4 H, NHCO(CH2)2CONH], 
2.48-4.95 [m, 29 H, sugar-CONHCH2(CH2)2CH2NH, CH2OCO × 2, sugar hydro- 
gens], 5.16 (m, 1 H, NHCH), 7.59 (m, 1 H, sugar-NH), 7.81 (m, 1 H, 
NHCOCH2CH2CO), 8.25 (m, 1 H, NHCHCH2CH2); 13C NMR: 3 14.49 (Me × 2), 
22.71-31.92 [Me(CH2)I6 x2,  NHCH(CH2) 2, NH(CH2)4], 52.59 (NHCH), 61.29, 
62.91 (sugar CH2OH X 2), 64.50, 64.97 (NHCOCH2CO), 71.07, 71,75 (CH2OCO), 
83.57, 105.20 (sugar methine carbons), 172.34 (CH2OCO), 172.60, 172.71 
(CH z NH COCH z, sugar-CONH, CHNH CO). 
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