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ABSlRACT 

A new family of bolaamphiphiles in which two glucosylamine or galactosylamine 
moieties are linked via a &N-glycosidic bond to an a,o-dicarboxylic acid has been 
described. The 1-Dglucosamide and 1-pgalactosamide bolaamphiphiles were obtained 
in good yield by the condensation of the dicarboxylic acid dichloride with the 
corresponding 1 -aldopyranosy lamine. 

INTRODUCTION 

The bolaamphiphiles can be designated as a bola-form a,o-amphiphile in which 

two hydrophilic groups are linked to each other by one or more hydrophobic chains. 

They self-assemble in aqueous solutions to form a wide variety of supramolecular 

~tructures.~J In particular, sugar-based bolaamphiphiles may be expected to form stable 

and chiral assemblies via stereoselective hydrogen bonds between sugar hydroxyl groups. 

However, there has been little investigation into their self-assembling properties except 

for acyclic gluconamide-based bolaamphiphiles.6 We have recently demonstrated that 

aldopyranose-based bolaamphiphiles provide intriguing fibrous assemblies as well as 

single crystals stabilized by two- or three-dimensional networks of hydrogen bonds 

405 

Copyright 0 1998 by Marcel Dekker, Inc 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



406 MASUDA AND SHIMIZU 

HO 
0 0 HO 

1,: R'=H, R2=OH, n = 6,9,10, 11,12, 13,14, and 18 
2,: R'=OH, R2=H, n = 10, 11, and 12 

Scheme 1 

between amide and sugar hydroxyl gr0ups.7-1~ We report here a simple and efficient 

synthetic method to prepare stereochemically pure p-1-bglucosamide (I , )  and P-I-D- 
galactosamide bolaamphiphiles (2,) (Scheme 1). To date, the syntheses of sugar-based 

bolaamphiphiles with 0- or S-glycosidic linkage have been only repo~ted . l l -~~ 

RESULTS AND DISCUSSION 

The synthetic route to 1, and 2, is shown in Scheme 2. Tetraacetylated P-1-azide 

derivatives 3 and 4 were hydrogenolyzed to afford the P-I-baldopyranosylamines 5 and 

6 in 82 and 52% yields, respectively.15-16 The 1-aldosamide bolaamphiphile 

octaacetates 8, and 9, were obtained by condensation of an a,wdicarboxylic acid 

dichloride 7, with 5 or 6. The 0-acetyl p-1-aldopyranosylamines 5 and 6 easily undergo 

self-condensation to afford the secondary mines 10 and 11, respectively.17 Therefore, 

the 1-aldopyranosylamine has to be used for the subsequent amide coupling reaction 

without isolation. The yields from the coupling reaction between 5 and 7,, and 6 and 7, 

are listed in Table 1. The difference in the sugar moieties and the length of the 

hydrocarbon link have little influence on the coupling yields (4145%). Stereochemical 

purities were checked by IH NMR. The vicinal 51.2 coupling constants of each anomeric 

proton for the octaacetylated bolaamphiphiles 8, and 9, are also summarized in Table 1. 

The magnitude of the coupling constants 51.2 indicates the existence of 100% p- 
configuration for all the bolaamphiphiles The acetylated crude products were easily 

purified using column chromatography. The acetyl groups of 8, and 9, can be 

quantitatively deprotected with methanol containing a catalytic amount of sodium 

methoxide. The deacetylated bolaamphiphiles 1, and 2, precipitated during the 
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N3 22 "C, 2h AcO Q 2  NH2 

H2 - Pt02 I MeOH - R2 

AcO 

R2 
AcO 

AcO 
3: R'=H, R2=OAc 
4: R'=OAC, R ~ = H  

5: RLH, R~=OAC 
6: R'=OAc, R2=H 

0 0 Pyridine I DMF 

CIA(CH~)?C~ -10 "C, 1 h and 20 "C, 20; 
2eqof 5 ,or6  + 

7n 

X &$. ~ 3 0  R2 

0  OR^ 

8,: R'=H, R2=OAc, R3=Ac 
9,: R'=OAc, R2=H, R3=Ac 

1,: R'=H, R2=OH, R3=H 
2,: R'=OH, R2=H, R3=H 

MeONa I MeOH 

R 2 W  R' OAc f i R 2  

AcO 

H 

10: RLH, R~=OAC 
11: R'=OAc, R2=H AcO Y AcO 

Scheme 2 

deacetylation. The reaction mixture was then neutralized by treatment with an ion- 

exchange resin (H+ form). The final products were purified using column 

chromatography. The final 

stereochemical purities and the structural identification were checked by 'H NMR 

spectroscopy. The chromatographic purities were checked by thin-layer chromatography 

on silica gel plates and MALDTOFMS using sinapinic acid as a matrix. All the 

intermediates and final products gave satisfactory elemental analysis as shown in the 

Evaporation of the solvent yielded a white powder. 
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408 MASUDA AND SHIMIZU 

Table 1. Yields for the preparation of 8, and 9,, and IH NMR coupling constants of 
their anomeric protons (J12). 

Acetylated bolaasiphiphiles Yield (%) JI2 (Hz)l 

86 

s, 
810 

811 
812 

81 3 

814 

818 

910 

9u 
912 

52 

53 
60 

49 

52 
45 

54 
41 

65 

57 
60 

9.6 

9.6 

9.6 

9.6 

9.6 
9.6 

9.6 
9.6 

9.2 

9.2 

9.2 

a. The coupling constants were calculated from 'H NMR spectra of 8, and 9, in CDCIJ 
at 22 "C. 

experimental part. The magnitude of coupling constants (J1,2) of the anomeric proton 

and X-ray single crystal analyses revealed that the &configuration was retained in the 

deacetylated bolaamphiphiles 1, and 2,.8-10 

In contrast to th is  acid chloride method, the use of 1-ethyl-3-(3- 

dim ethyl ami nopropy1)carbodiimide hydrochloride (EDC) and 1 -hy droxy benzotriamle 

(HOBt) as a coupling reagent gave low yields (22% for 8,o and 19% for 811) in N- 
glycosidic bond formation. These low yields are ascribable to the self-condensation of 

the aldopyranosylamine. Direct coupling of unprotected aldopyranosylamines with long- 

chain fatty-acid derivatives is known to afford sugar surfactants.l8-20 However, this 

methodology is not common and only applicable to limited sugars. In addition, the 

unprotected aldopyranosy1aminesl6 are unstable and purification of the unprotected 

surfactants is difficult. In general the preparation and isolation of the unprotected 

aldosylamine require carefbl treatment owing to its browning-21 and Lobry de Bruyn- 
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BOLA AMPHIPHILES 409 

van Ekenstein reactionsz in acidic and basic conditions. We were not able to obtain the 

target bolaamphiphiles via this direct-coupling method. Purification of the crude 

bolaamphiphiles using a silica gel column and gel permeation chromatography was 

unsuccessful due to the formation of many by-products In contrast, the use of protected 

aldopyranosylamines16 will be favorable for the preparation of additional sugar-based 

bolaamphiphiles with a /3-N-glycosidic bond. 

CONCLUSIONS 

1-Glucosamide and I-galactosamide bolaamphiphiles have been eficiently 

synthesized in three steps from conventionally protected j3-glycosyl azides. 

EXPERIMENTAL 

General methods and materials. 'H NMR spectra were recorded on a JEOL 
GSX-270 (270 MHz) spectrometer unless otherwise specified. All the protons were 

assigned by two-dimensional 'H NMR spectroscopy ('H-'H COSY). MALDTOFMS 

spectra were recorded on a Shimadzu/KRATOS KOMPACT MALDI-I11 with sinapinic 

acid as a matrix. Preparative column chromatography was performed using silica gel 

(Silica gel 60, Merck). The chromatographic purities of the intermediates were 

monitored by ?LC (Kiesel gel 60 F254, Merck). Compounds were visualized by 

spraying the plates with 5% sulfuric acid in methanol and by charring them on a hot 

plate. 

2,3,4,6-Tetra-0-acetyl-~~glucopyranosyl azide (3). A commercially available 

2,3,4,6-tetra-O-acetyI-a-~-glucopyranosyl bromide (10.0 g, 24.3 mmol) was mixed with 

sodium azide (15.8 g, 243 mmol) in DMF (250 mL) at room temperature. This solution 

was stirred for 24 h. The reaction mixture was poured into water (500 mL) and extracted 

with dichloromethane (200 mL) three times. The combined extracts were dried (Na2S04) 

and concentrated, giving a solid, which was recrystallized from 2-propanol. The azide 

derivative 3 was obtained (7.44 g, 82.0%) as white needle crystals: mp 131.8-1 35 "C; R, 
= 0.50 (chlorofodmethanol = 955, v h ) ;  [aID -37.4" (c 1.0, methanol); 'H NMR 

(CDCl3,22"C)65.23(t,J=9.2and8.9Hq 1H,H-3),5.11 (t,J=9.6and9.2H~, 1H,H- 

4), 4.97 (t, J = 9.9 and 9.6 Hz, l H ,  H-4), 4.66 (d, J = 8.9 Hz, l H ,  H-1), 4.28 (dd, J = 12.5 
and 4.6 H z ,  lH, H-6a), 2.17,2.10,2.07 and 1.99 (s, 12H, CH3-CO). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
5
2
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



410 MASUDA AND SHIMIZU 

Anal. Calcd for C14H19N309: C, 45.04; H, 5.13; N, 11.26. Found: C, 45.44; H, 

2,3,4,6-Tetra-0-acetyl-P~galactopyranosyl azide (4). The synthetic proce- 

dure was the same as that for 3: Yield 58.4%, white prismatic crystals; mp 90.9 "C; Rf= 
0.63 (chlorofodmethanol = 955, v/v); [aID -13.8" (c 1.0, methanol); 'H NMR (CDC13, 

5.ll;N, 11.16. 

22 "C) 6 5.43 (dd, J = 1.0 and 3.3 Hz, lH, H-4), 5.17 (dd, J = 8.6 and 10.2 H z  lH, H-2), 

5.04 (dd, J = 3.3 and 10.2 Hz, lH, H-3), 4.61 (d, J = 8.6 Hz, lH, H-1), 4.19 (dd, J = 6.9 

and 12.3 HG lH, H-6a), 4.14 (dd, J = 6.3 and 12.3 Hz, lH, H-6b), 4.02 (ddd, J = 6.9,6.3 

and 1.0 Hz, lH, H-5), 2.18,2.10,2.07 and 1.99 (s, 12H, CHYCO). 

Anal. Calcd for C,4H1@309' 1/10 i-PrOH: C, 45.28; H, 5.26;N, 11.08. Found: C, 

45.36; H, 5.08; N, 10.90. 

General synthetic method for a,wdicarborylic acid dichlorides (7"). A 

mixture of octanedioic acid (0.174 g, 1 mmol), thionyl chloride (0.475 g, 4 mmol) and 

DMF (1 drop) was refluxed for 2 h. The residual thionyl chloride was removed in vucuo. 
The resulting diacid dichloride 76 was directly used for the coupling reaction without 

further purification. 

N,"-Bis( 2,3,4,6-t etr a-0-acety l - ~ - ~ g l u c o p y  ran osy I)h exane 1,6dicar box- 

amide (86). Platinum (IV) oxide (90.8 mg, 0.4 mmol) was added to a solution of the 

a i d e  3 (0.523 g, 2.0 mmol) in methanol (130 mL) under a nitrogen atmosphere. 

Hydrogen was introduced to the solution for 3 h. AAer filtration and evaporation of 

methanol, the residue was dissolved in DMF (20 mL) containing pyndine (0.198 g, 2.5 

mmol). To the mixture was added a dichloromethane (5  mL) solution of 76 (0.190 g, 

0.90 mmol) at -10 "C. The reaction mixture was stirred at -10 "C for 1 hand at 20 "C for 

20 h. The solvent was removed under reduced pressure. To the residue was added 

chloroform (200 d) and the organic layer was washed with 5% sodium hydrogen 

carbonate aqueous solution (100 mL), 5% citric acid (1 00 mL) and water (1 00 mL). The 

organic layer was separated, dried over anhydrous sodium sulfate, and concentrated in 

vucuo. The residue was subjected to column chromatography. Elution with a 

chlorofodmethanol mixture (1% methanol in chloroform to 8% methanol in 

chloroform) gave octaacetylated bolaamphiphile 86r which was recrystallized from ethyl 

acetatelhexme to afford needle crystals (0.390 g, 52%): mp 181.5 "C; RJ = 0.64 
(chlorofodmethanol = 955, v h ) ;  'H NMR (CDCI3,22 "C) 6 6.53 (d, J = 9.6 Hz, 2H. N- 
H), 5.31 (t, J = 9.6 and 9.2 HZ. 2H, H-3), 5.28 (dd, J = 9.6H~, 2H, H-l), 5.06 (t, J = 10.2 
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BOLAAMPHIPHILES 41 1 

and 9.2 Hz, 2H, H-4), 4.93 (dd, J = 9.6 Hz, 2H, H-2), 4.31 (dd, J = 12.5 and 4.3 Hz, 2H, 

H-6a), 4.09 (dd, J = 12.5 and 2.0 Hz, 2H, H-6b), 3.84 (ddd, J = 10.2,4.3 and 2.0 Hz, 2H, 

H-5), 2.18 (m, 4H, CHrCONH), 2.08, 2.04, 2.03 and 2.02 (s, 6H, CHj-CO), 1.59 (m, 

4H, -CH2-CH2-CONH), 1.29 (m, 4H, -CH2-). 

Anal. Calcd for C36H52N2020: C, 51.92; H, 6.29; N, 3.36. Found: C, 51.98; H, 
6.27; N, 3.47. 

N~-Bis(2,3,4,6-tetra-O-acetyI-~-~glucopy ranosyl)nonane-1,9-dicarbox- 

amide (89). The purified substance S6 can undergo gelation in ethyl acetatdhexane. 

Filtration with suction and drying of the gel gave axerogel. Yield 53%, as a xerogel; mp 

163.7 "C; RJ= 0.71 (chlorofodmethanol = 955, vh); 'H NMR (CDCl,, 22 "C) 6 6.27 

(d, J = 9.6 Hz, 2H, N-H), 1.26 (m, 1 OH, -CH2-); otherwise similar data as for fI6. 

Anal. Calcd for C39HS8N2020: C, 53.54; H, 6.68; N, 3.20. Found: C, 53.95; H, 
6.65; N, 3.44. 

N,W-Bis (2,3,4,6 -tetr a-0- acet yl-P-~glucop yran osy1)deca ne-1 ,lO-dica rbox- 

amide (810). Yield 60%, as  a xerogel; mp 156.8 "C; Rf= 0.67 (chlorofondmethanol = 

955 ,  v h ) ;  'H NMR (CDC13, 22 "C) 6 6.23 (d, J = 9.2 Hz, 2H, N-H), 1.25 (m, 12H, - 
CH2-); otherwise similar data as for 

Anal. Calcd for C~OH~ON&: C, 54.05; H, 6.80; N, 3.15. Found: C, 54.19; H, 

6.76; N, 3.09. 
N,W-Bis(2,3,4,6-tetra-O-acetyl-~~glucopyranosyl)undecane -1,ll-dicarbox- 

amide (8u). Yield 49%, as  axerogel; mp 149.0 "C; Rj= 0.69 (chloroforrdrnethanol = 

955 ,  vh); ' H  NMR (CDCl,, 20 "C) 6 6.23 (d, J = 9.2 Hz, 2H, N-H), 1.25 (m, 14H, - 
CH2-); otherwise similar data as for f16. 

Anal. Calcd for C41H62N2020: C, 54.54; H, 6.92; N, 3.10. Found: C, 54.49; H, 
6.89; N, 3.18. 

NJV-Bis(2,3,4,6-t etra-0-acetyl-P-Dglucopyranosyl)dode cane-1,12-dicarbox- 

amide (812). Yield 52%, as a xerogel; mp 100.6-106.9 "C;2, R,= 0.67 (chloro- 

fodmethanol = 955, w'v); 'H NMR (CDCl,, 22 "C) 6 6.21 (d, J = 9.2 Hz, 2H, N-H), 

1.24 (m, 16H, -CH2-); otherwise similar data as for 86. 

Anal. Calcd for C42H64N2020: C, 55.01; H, 7.03; N, 3.05. Found: C, 54.70; H, 
6.95; N, 2.97. 

N,W-Bis(2,3,4,6-tetra-O-acetyl-~-~glucopyranosyl)tridecan e-1,13-dicarbox- 

Yield 45%, as a xerogel; mp 84.0-93.0 OCf3 R, = 0.71 (chloro- amide (813). 
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412 MASUDA AND SHIMIZU 

fodmethanol = 955, vh); 'H NMR (CDC13, 22 "C) 6 6.21 (d, J = 9.2 Hz, 2H, N-H), 

1.24 (m, 18H, -CH2-); otherwise similar data as for 86. 

Anal. Calcd for C43H66N2020: C, 55.98; H, 7.15; N, 3.01. Found: C, 56.15; H, 

N#-Bis(2,3,4,6-tet ra-O-acetyl-~-~glucopyra.aoosyl)tetradecane-l,l4-dicar - 
boxamide (814). Yield 55%, as a xerogel; mp 98.9-103.9 "CZ3; Rf= 0.76 (chloro- 
fodmethanol = 955, vh); 'H NMR (CDC13, 22 "C) 6 6.20 (d, J = 9.6 Hz, 2H, N-H), 

1.24 (m, 20H, -CHz-); otherwise similar data as for 86. 

Anal. Calcd for CuH68N2020: C, 55.92; H, 7.25; N, 2.96. Found: C, 55.85; H, 

NJV'-Bis( 2,3,4,6-te tra-0-acet yl-pbglucopy ranos y1)oc tadec ane-1 J8-dicar- 

boxamide (81s). Yield 41%, as a xerogel; mp 128.1-132.0 0C23; Rf = 0.76 (chloro- 

fodmethanol = 955, vh); 'H NMR (CDC13, 22 "C) 6 6.20 (d, J = 9.6 Hz, 2H, N-H), 

1.24 (m, 20H, -CH2-); otherwise similar data as for 86. 

7.28; N, 2.91. 

7.23; N, 2.89. 

Anal. Calcd for C48H76N2020: C, 57.59; H, 7.65; N, 2.80. Found: C, 57.61; H, 
7.63; N, 2.74. 

N#-Bis( 2,3,4,6-t etra-0-acetyl-pbgalactopyr anosy1)decane-1,lO-dcarbox- 

amide (91~). Yield 65%, as an amorphous solid; Rf= 0.35 (chlorofodmethanol = 955, 
v h ) ;  'H NMR (CDC13,22 "C) 6 6.28 (d, J = 9.2 Hz, 2H, N-H), 5.44 (dd, J = 2.0 and 0.9 

Hz, 2H, H-4), 5.25 (t, J = 9.2 Hz, 2H, H-l), 5.14 (dd, J = 9.6 and 2.0 Hz, 2H, H-3), 5.10 

(dd, J = 9.6 and 9.2 Hz, 2H, H-2), 4.13 (dd, J =10.7 and 7.3 Hz, 2H, H-6a), 4.07 (dd, J = 

10.7 and 5.7 Hz, 2H, H-6b), 4.03 (ddd, J = 7.3,5.7 and 0.9 Hz, 2H, H-5), 2.16 (a 4H, - 
CHrCONH), 2.15, 2.05, 2.04 and 2.00 (s, 24H, CH&O), 1.58 (a 4H, -CHrCH2- 
CONH), 1.26(m, 12H, -CH2-). 

Anal. Calcd for C40H6$\j2020: C, 54.05; H, 6.80; N, 3.15. Found: C, 53.80; H, 

6.80; N, 3.05. 

NJV'-Bi9(2,3,4,6-tetra-O-acetyl-p~-galac topyr anosyl)undecanel,ll-dicar - 
boxamide (9u). Yield 57%, as an amorphous solid; Rf= 0.35 (chloroform/methanol = 

9515, ~h) ;  'H NMR (CDCl3,22 "C) 6 6.20 (d, J = 9.2 Hz, 2H, N-H), 1 . 2 6 ( ~  14H, - 
CH2-); otherwise similar data as for 910. 

Anal. Calcd for C41&2N2020* 1/2H20: C, 54.00; H, 6.96; N, 3.07. Found: C, 

54.04; H, 6.87; N, 2.98. 
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BOLAAMPHIPHILES 413 

N,"-Bi3(2,3,4,6-tet ra-O-acetyl-/3-r+galac topyr anosy1)dodecane- 1,12-dicar- 

boxamide(912). Yield 60%, as an amorphoussolid; Rf = 0.33 (chlorofordmethanol = 

9515, v/v); 'H NMR (CDC13,22"C) 6 6.29 (d, J = 9.2 Hz ,  2H, N-H), 1.26 (m, 16H, - 
CH2-); otherwise similar data as for ti6. 

Anal. Calcd for C42H64N2020. 1L?H20: C, 54.48; H, 7.08; N, 3.03. Found: C, 
54.58; H, 7.07; N, 2.94. 

N~-Bis(B-Dglucopyrnosyl)bexane-l,6d~rboxamide (Is). The octaace- 

tylated bolaamphiphile 86 (4 mmol) in methanol (16 mL) was treated with 0.05 M 
sodium methoxide (0.4 mL) at room temperature for 5 h with monitoring by 'ILC. ?he 

reaction mixture was neutralized with ion-exchange resin (Amberlite IR-120, H' form), 

filtered and concentrated. The resulting crude bolaamphiphile was purified using silica 
gel column chromatography (eluent: chlorofodmethanoYwater = 64:31:5, v/v). l'he 

final products were obtained by concentration of the aqueous solution and drying the 

residue at room temperature at 5 mm Hg for 12 h to give needle crystals (1.95 g, 98%): 
mp 2 19.6 "C; Rf = 0.17 (chlorofodmethanolater = 64:3 1 : 5,  v h ) ;  'H NMR (D20, 23 

"C) 6 4.80 (d, J =  9.2 Hz, 2H, H-1), 3.72 (dd, J =  11.9 and 2.0 Hz, 2H, H-6b), 3.57 (dd, J=  
11.9 and 5.2 Hz, 2H, H-6a), 3.39 (dd, J = 9.3 and 9.1 Hz, 2H, H-3), 3.37 (m, J = 8.8,5.2, 

and 2.0 H q  2 Hz, 2H, H-5), 3.26 (dd, J = 9.3 and 8.8 HG 2H, H-4), 3.22 (dd, J = 9.1 and 

9.1 Hz, 2H, H-2), 2.17 (t, J = 7.3 and 7.3 Hz, 4H, -CHrCONH-), 1.47 (m, 4H, -CHr 
CH,-CONH), 1.20 (m, 4H, -CH2-). 

Anal. Calcd for C2d-I3d2012. 5/3H20: C, 45.62; H, 7.53; N, 5.32. Found: C, 
45.55; H, 7.48; N, 5.21. 

N~-Bi3(P-~glucopyrnosyl)nonene-1,9-diearboxamide (19). Crystalline 
powder; yield 95%; mp 213.1 "C; Rf= 0.26 (chlorofodmethanoYwater = 64:31:5, v/v); 

H NMR (D20,24 "C) 6 4.95 (d, J = 9.1 Hz, 2H, H-1), 3.88 (dd, J = 11.9 and 2.0 Hz, 2H, 1 

H-6b), 3.72 (dd, J = 11.9 and 5.2 Hq 2H, H-6a), 3.55 (dd, J = 9.3 and 9.1 Hz, 2H, H-3), 

3.50 (m, J = 8.8,5.2, and 2.0 Hz, 2 H q  2H, H-S), 3.42 (dd, J = 9.3 and 8.8 Hz, 2H, HA), 
3.40 (dd, J = 9.1 and 9.1 Hz, 2H, H-2), 2.32 (t, J = 7.3 and 7.4 H q  4H, -CHrCONH-), 
1.61 (m, 4H, -CH.&H2-CONH), 1.30 (m, 10H, -CH2-). 

Anal. Calcd for C23H42NZ012. 2/3H20: C, 50.17; H, 7.93; N, 5.09. Found: C, 

50.41; H, 7.96; N, 4.80. 

N~-Bis(~~glucopyrnosyl)decPne-l,lO-dicarboxamide (110). Xerogel; 

yield 92%; mp 219.6 "C; R,= 0.29 (chlorofodrnethanollwater = 64:31:5, v h ) ;  'H NMR 
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414 MASUDA AND SHIMIZU 

(D20,24 "C) 6 4.95 (d, J = 9.1 Hz, 2H, H-1), 3.91 (dd, J = 11.9 and 2.0 Hz, 2H, H-6b), 
3.86 (dd, J = 11.9 and 5.2 Hz, 2H, H-6a), 3.55 (dd, J = 9.3 and 9.1 Hz, 2H, H-3), 3.50 (m, 

J =8.8,5.2, and 2.0 Hz, 2Hz, 2H, H-5), 3.42 (dd, J =9.3 and 8.8 Hz, 2H, H-4), 3.39 (dd, J 

=9.1and9.1Hz,2H,H-2),2.32(t,J=7.6and7.3Hz,4H,-CH*CONH-), 1.61 (m,4H, 

-CHTCH~-CONH), 1.30 (m, 12H, -CH2-). 

Anal. Calcd for C24HMN20,2. 3H20: C, 47.52; H, 8.31; N, 4.62. Found: C, 47.56; 

N~-Bis(P-Dglucopyranosyl)undecane-l,ll-dicarboxamide (ln). Platelet 

crystals; yield 95%; mp 220.4 "C; Rf= 0.29 (chlorofodmethanolater = 64:3 1 :5 ,  v/v); 

H, 8.10; N, 4.56. 

'H NMR (300M&, D20,25 "C) 6 4.96 (d, J = 9.1 Hz, 2H, H-1), 3.89 (dd, J = 12.2 and 

2.0 Hz, 2H, H-6b), 3.73 (dd, J = 12.2 and 5.2 Hz, 2H, H-6a), 3.55 (dd, J = 9.2 and 9.1 Hz, 

2H, H-3), 3.52 (111, J = 9.3,5.2, and 2.0 HG 2Hq 2H, H-5), 3.42 (dd, J = 9.3 and 9.2 Hz, 

2H, H-4), 3.39 (dd, J = 9.1 and 9.1 Hz, 2H, H-2), 2.33 (t, J = 7.8 and 6.9 Hz, 4H, -CHT 

CONH-), 1.62 (m, 4H, -CHrCH2-CONH), 1.29 (m, 14H, -CH2-). 

Anal. Calcd for C25H4&2012: C, 52.99; H, 8.18; N, 4.94. Found: C, 53. 04; H, 
8.20; N, 4.89. 

NJV'-Bis(P~glucopyranosyI)dodecane-1,12-dicarboxamide (lI2). Fibrous 
crystals; yield 98%; mp 219.2 "C; Rf = 0.32 (chlorofodmethanoYwater = 64:31:5, v/v); 

H NMR @20,80 "C) 6 4.95 (d, J = 8.9 Hz, 2H, H-1), 3.88 (dd, J = 12.2 and 2.3 Hz, 2H, i 

H-6b), 3.72 (dd, J = 12.2 and 5.0 Hz, 2H, H-6a), 3.56 (dd, J = 9.2 and 8.9 Hz, 2H, H-3), 

3.52 (III, J = 9.6,5.0, and 2.3 Hz, ~Hz, 2H, H-5), 3.42 (dd, J = 9.6 and 8.9 Hz, 2H, H-4), 

3.39 (dd, J = 9.2 and 8.9 Hz, 2H, H-2), 2.32 (t, J = 7.6 and 7.3 Hz, 4H, -CH.AONH-), 
1.61 (m, 4H, -CHrCH2-CONH), 1.29 (m, 16H, -CH2-). 

Anal. Calcd for C26H48N2012: C, 53.78; H, 8.33; N, 4.82. Found: C, S3.90; H, 
8.33; N, 4.77. 

N~-Bis(P-~glucopyranosy~tridecane-1,13-dicarboxamide (l13). Crystalline 
powder; yield 95%; mp 225.7 "C; Rf = 0.34 (chlorofodmethanoYwater = 64:31:5, v/v); 
H NMR @20,80 "C) 6 4.95 (d, J =  9.1 Hz, 2H, H-1), 3.88 (dd, J = 11.9 and 2.0 Hz, 2H, i 

H-6b), 3.72 (dd, J = 11.9 and 5.2 Hz, 2H, H-6a), 3.55 (dd, J = 9.3 and 9.1 Hz, 2H, H-3), 

3.50 (m, J = 8.8, 5.2, and 2.0 Hz, ~Hz, 2H, H-5), 3.42 (dd, J = 9.3 and 8.8 Hz, 2H, H-4), 
3.40 (dd, J = 9.1 and 9.1 Hz, 2H, H-2), 2.32 (t, J = 7.3 and 7.4 Hz, 4H, -CHrCONH->, 
1.61 (m, 18H, -CHrCH2-CONH), 1.30(m, 4H, -CH2-). 
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BOLAAMPHIPHILES 415 

Anal. Calcd for C27H5&012. 2DH20: C, 53.45; H, 8.53; N, 4.62. Found: C, 

53.32; H, 8.33; N, 4.55. 

NiV'-Bis(P-bglucopyranosyl)tetradecane-1,14-dicarboxamide (lI4). Platelet 

crystals; yield 97%; mp 225.7 "C; RJ= 0.38 (chlorofodmethanoYwater = 64:31:5, v/v); 
'H NMR (DMSO-d6 and D20 one drop, 60 "C) 6 4.71 (d, J =8.9 Hz, 2H, H-1), 3.64 (dd, J 

= 11.9 and 2.0 Hz, 2H, H-6b), 3.43 (dd, J = 11.9 and 5.0 HG 2H, H-6a), 3.21 (dd, J = 8.6 

and 8.2 Hz, 2H, H-3), 3.14 (m, J = 8.9,5.0, and 2.0 Hz, ~ H z ,  2H, H-5), 3.10 (dd, J = 8.9 

and 8.2 Hz, 2H, H-4), 3.08 (dd, J = 8.9 and 8.6 Hz, 2H, H-2), 2.10 (t, J = 7.6 and 7.3 Hz, 

4H, -CH+-CONH-), 1 S O  (m, 4H, -CHrCH2-CONH), 1.25 (m, 20H, -CHI-). 
Anal. Calcd for C28HS2N2012: C, 55.25; H, 8.61; N, 4.60. Found: C, 55.15; H, 

8.57; N, 4.56. 
N~-Bi3(P-~glueopy~anosyl)octadeeane-l,18~carboxam~e (lls). Crystal- 

line powder; yield 100%; mp 220.8-222.8 "C; RJ = 0.45 (chlorofodmethanoYwater = 

64:31:5, v/v); 'H NMR (DMSO-d6 and D20 one drop, 60 "C) 6 1.25 (m, 20H, -CH2-); 
otherwise similar data as for 1 14. 

Anal. Calcd for C32H6$\12012: C, 57.81; H, 9.10; N, 4.21. Found: C, 57.90; H, 

9.08; N, 4.14. 
NJV'-Bi3(/3-bgalactopyranosyl)decane-l,lO-dicarboxamide (210). Needle 

crystals; yield 92%; mp 213.7-215.0 "C; Rf = 0.18 (chlorofodmethanoVwater = 

64131 :5 ,  v/v); 'H NMR (D20, 50 "C) 6 4.91 (d, J = 8.6 Hz, 2H, H-I), 3.99 (dd, J=3.0md 

0.9 Hz, 2H, H-4), 3.76-3.71 (m, 6H, H-6a, b and H-5), 3.71 (dd, J =9.9 and 3.0 Hz, 2H, 
H-3), 3.64 (dd. J =  9.9 and 8.6 Hz, 2H, H-2), 2.33 (t, J =  7.6 and 7.3 Hz, 4H, -CHr 
CONH-), 1.62 (m, 4H, -CHrCH2-CONH), 1.30 (m, 12H, -CH2-). 

Anal. Calcd for C24H44N2012- H2O: C, 49.48; H, 8.18; N, 4.81. Found: C, 49.32; 
H, 8.02; N, 4.72. 

N,"-Bis(P-bgalacto~ranosyl)undecane-l,ll-dicarboxamide (211). Crystal- 

line powder; yield 94%; mp 202.1-206.5 "C; Rf = 0.38 (chlorofodmethanollwater = 

64:31:5, v/v); 'H NMR (D20, 50 "C) 6 1.30 (111, 14H, -CH2-); otherwise similar data as 
for 210. 

Anal. Calcd for C ~ S H ~ ~ N ~ ~ ~ ~ .  4/3H20: C, 50.84; H, 8.30; N, 4.74. Found: C, 

51.01; H, 8.28; N, 4.52. 
N,"-Bis(B-bgalactopyraoosyl)dodecane-l,l2-dicarboxamide (2,*). Needle 

crystals; yield 91%; mp 194.9-200.0 "C; Rr = 0.25 (chlorofodmethanollwater = 
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416 MASUDA AND SHIMIZU 

64:3 15 ,  vh);  'H NMR @ 2 0 ,  50 "C) 6 1.30 (m, 12H, -CH2-); otherwise similar data as for 

210. 

Anal. Calcd for C26H48N2012. 4/3H20: C, 51.64; H, 8.45; N, 4.63. Found: C, 

51.67; H, 8.34; N, 4.56. 
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