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100 13 1. Copies of the data can be obtained free ofcharge on application to The 
Director, CCDC, 12Union Road, Cambridge CB21EZ, UK (fax: int. code 
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+ (1 223) 336-033; e-mail: deposit(&chemcrys.cam.ac.uk). 

[lo] B. Albtnsson, J. Michl, J. Phys. Chem. 1996, 100, 3418. 
[ l l ]  Reviews of several distinct mechanisms by which alkyl halides can undergo 

oxidativeaddttion: a) J. P. Collman, L. S Hegedus, J. R. Norton, R. G. Finke, 
Prim ip1r.s und Applicalions of Organotransitian Metal Chemistry, University 
Science Books. Mill Valley, California, 1987, pp. 306-322; b) S. Henderson, 
R. A. Henderson, Ad),. Phyx Org. Chem. 1987, 23, 1 

[12] a) PPh, is alkylated by CHJ much faster than by CF,(CF,),CH,CH,I: P. 
Bernatis (University of Utah), unpublished results. b) A reviewer raised the 
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Synthesis of a Novel Stable GM,-Lactone 
Analogue as Hapten for a Possible 
Immunization against Cancer** 
Lutz F. Tietze* and Holger Keim 
Dedicated to Projessor Waldemar Adam 
on the occasion of his 60th birthday 

In addition to proteins and lipids, carbohydrates-of which 
gangliosides constitute a large part-are essential elements of 
the cell surface. They are anchored to the lipid bilayer of the 
membrane with their ceramide portion, and the carbohydrate 
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moiety is exposed to the outside. Gangliosides play an impor- 
tant role in cell-cell and cell-matrix recognition and are rele- 
vant for cellular growth since they interact with many growth 
receptors, for example the epidermal growth factor receptor."' 
The GM, ganglioside is the smallest and most widespread gan- 
glioside in human and animal tissue. It has been found in brain 
and nerve cells as well as in the membranes of melanoma and 
liver carcinoma cells in increased concentrations.[21 However, 
immunization experiments with monoclonal antibodies indicate 
that the actual tumor-associated antigen is not the GM, gan- 
glioside itself but its lactone form l.f31 Consequently, a greatly 
increased density of the GM, lactone was discovered in 
melanoma cells. Furthermore, the existence of a threshold at 
which the antibody recognizes the cell has been shown.[4' The 
GM, ganglioside lactone14] and lactamC5' hitherto used to ob- 
tain antibodies are unstable towards hydrolysis under physio- 
logical conditions. Therefore, there is much interest in develop- 
ing hydrolysis-resistant analogues of 1 and, thus, making a 
defined immunogen available for immunization. Here we de- 
scribe the synthesis of the hydrolysis-stable GM ganglioside 
lactone analogue 2 containing an ether group. 

12m3 

m- 
OH 

OH I 
OH 

1 : R = O  
2 : R = H 2  OH 

For the synthesis of 2 the cyclization of trisaccharide 316]- 
with free hydroxy groups at C 2  and C4'which is selectively built 
up from glucose, galactose and neuraminic acid by known pro- 
cedures-with 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in 
dichloromethane to yield the C2'-Gal lactone 5 was initially 
attempted (Scheme 1). However, reaction of the free hydroxy 
groups led to both possible lactone isomers in 86% yield as a 
nonseparable mixture in a ratio of 1.7 : 1. Conversely, the acid- 
catalyzed reaction of. the partially deprotected trisaccharide 4, 
which was already described for the isolated GM, gan- 
glioside,['' provided the desired GM, ganglioside lactone 5 in 
57% yield. 

To transform 5 into analogue 9 it was first peracetylated to 
give 6; subsequent reduction of the lactone functionality led to 
lactol 7, which was converted into thiohemiacetal 8. Hy- 
drogenolytic cleavage of the thiol moiety completed the se- 
quence. The Red-A1 derivative Na[AlH(OCH,CH,OCH,),- 
OEt][81 proved to be the best reagent for reducing the carboxy 
functionality to afford 7 in 80% yield with conservation of 
the acetyl groups. Reaction with diisobutylaluminium hydride 
(DIBAL) mostly led to deacylated products; LiBH, and NaBH, 
yielded the corresponding, undesired diols as main products, as 
expected. 

Conversion of the hemiacetal of 7 into the ether functionality 
of 9 proved extremely difficult, mainly due to the low reactivity 
of the hydroxy group, and almost led to failure of the entire 
project. The glycosidic bond at C1 was cleaved in all attempts to 
reductively remove the hydroxy group directly, for example 
with triethylsilane and boron trifluoride etherate. The obvious 
transformation into an 0,s-acetal also failed initially. Activa- 
tion of the hydroxy group by conversion into the acetate or 
trichloroacetimidate by standard procedures was achieved in 
very high yields. However, during the subsequent reaction with 
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3: R1 =Me, R2 =Ac, R3 = Bz 
4 : R1, R2, R3 = H 

a- c 
___) 

-s1Me3 
OBn 

OR 

Ro 

AcHN 
OR 6 : R = A c  

A ~ N  I 
OAc 

7 : R = O H , R 1  =Bn 
8 :  R =SH, R I  = Bn 
9 :  R = H, R1 =Ac 

Scheme 1. a) NaOMe, MeOH, 30 h, room temperature (RT); b) HOAc, 3 d, RT, 
57% (two steps); c) Ac,O, pyridine, 4-(dimethylarnino)pyridine (DMAP), 14 h, 
RT. 94%; d) Na[AIH(CH,OEt),OEt]. toluene, -55’C, I h, 80%; e) (PyS), 
(5 equiv), nBu,P (5 equiv), CH,CI,, 3 d, RT, 6 h reflux, 71 %; f)  Raney nickel, 
EtOH, H, (1 atm), 30 h, RT; g) Ac,O, pyridine, DMAP, CH,CI,, 14 h, RT, 85% 
(two steps) 

thiophenol in the presence of boron trifluoride etherate or 
trimethylsilyl triflate (TMSOTf), a competitive reaction took 
place at C1 of the glucose unit leading to the dithiophenyl gly- 
cosides. Only reaction with five equivalents each of bis(pyridini- 
um) disulfide and n-trib~tylphosphane~~’ resulted in the desired 
transformation of the lactol. Remarkably, the free thiohemi- 
acetal8 was obtained in 71 YO yield as a result of overreduction 
instead of the expected S-pyridyl derivative. 

Subsequent conversion into the acetyl-protected GM,-lac- 
tone analogue 9 was achieved by hydrogenation with H, and 

9 
a-f - 

A C ~ N  I 
OR’ 10 : RI = Ac, R2 = 82, R3 = N3 

11 : RI = Ac, R2 = BZ, R3 = NHC(O)(CHz)1&H3 
2 : R1, R2 = H, R 3 =  HNHC(O)(CHz),&H3 

Scheme 2.  a) CF3COOH/CH,C12 (2/1 j, 30 min, RT: b) CC1,CN (30 equiv), 
DBU,CH,CI,, I h,O’C,93% (twostepsj;~) CH,Cl,,azidosphingosine(3 equiv), 
BF,-Et,O (3 equiv), 4-8, molecular sieves, 1 h, -40 ‘C, 66%; d) NEt, (5 equiv), 
PhSH ( 5  equiv), (PhS),Sn, CH,CI, (5 equiv). 4 h, RT: e) stearic acid (5 equiv). 
EDC (5 equiv). CH,CI,, 2 h, RT. 73% (two steps); f )  NaOMe, MeOH, 20 h. RT, 
77 Yo 

Raney nickel and concomitant cleavage of the benzyl groups 
in an excellent yield of 85%. The presence of the ether 9 was 
proven with NMR spectroscopy by ‘H- ‘H correlation experi- 
ments. Two doublets at 6 = 3.44 and 3.89 (’J(H,H) = 11.5 Hz) 
can be assigned to the two geminal protons at CI”. 

To convert 9 into the complete GM, ganglioside lactone ana- 
logue 2, the protecting group at C1 was removed by reaction 
with trifluoroacetic acid in dichloromethane (Scheme 2).  Un- 
fortunately, epimerization took place at C2 of the neuraminic 
acid to an extent of 17% and led to the thermodynamically 
more stable j3 anomer, which fortunately was easily removed by 
chromatography (silica gel) at the stage of 10. The two anomers 
could be distinguished by their ‘H NMR signals for 3”-H,, at 
b = 2.50 for the x anomer and 1.96 for the /3 anomer. Lewis 
acids such as boron trifluoride etherate or zinc chloride em- 
ployed to cleave the C1 protecting group effected almost com- 
plete epimerization; no reaction took place with tetrabutyl am- 
monium fluoride. 

For the further transformation into the ganglioside 10, reac- 
tion of the hydroxy group at C1 was carried out to lead to the 
trichloroacetimidate. Subsequent glycosylation with azido 
sphingosine at -40 “C in dichloromethane, catalyzed with 
boron trifluoride etherate, afforded the sphingosine derivative 
10 in two hours. No further epimerization was observed under 
these reaction conditions. Reduction of the azido group in 10 to 
the corresponding amine was effected in good yields with 
NHEt:[(PhS),Sn]-.[’’] Once again many reagents were test- 
ed-such as triphenylphosphane, 1,3-propanedithiol, and 
H,S-but all led to poorer results. In the final steps of the 
synthesis of the free GM,-lactone analogue 2, the amine reacted 
with stearic acid upon addition of l-ethyl-3-(3-dirnethyl- 
aminopropy1)carbodiimide (EDC) to provide ceramide 11, 
which was deprotected by solvolysis with sodium methanolate 
in methanol. 

In cooperation with the Abteilung fur Hamotologie und 
Onkologie as well as the Abteilung fur Immunologie at the 
Universitit Gottingen we are currently testing the biological 
activity of 2. We are also forming conjugates with bovine serum 
albumin (BSA) and the keyhole-limpet hemocyanin (KLH), 
which are used for immunization. 
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I-H). 4.88 (dd, 'J(H,H) = 8.0, 9.5 Hz, 

Self-Assembly of a Mesogenic Polyamide : 
Induction and Significant Stabilization of a 
Liquid-Crystalline Phase through 
Complexation of a Phenylbenzoic Acid 
with a Polymer Backbone Derived from 
2,6-Bis(amino)pyridine Units"" 
Takashi Kato,* Yasuo Kubota, Toshiyuki Uryu, and 
Seiji Ujiie 

The use of specific interactions for the design and preparation 
of molecular materials such as liquid crystals has attracted at- 
tention because of their potential as dynamically functional 
molecular systems."] For liquid-crystalline polymers, specific 
intermolecular forces such as hydrogen bonding," -41 ionic,[51 
and charge transfer interactions[61 have been used for several 
years for the formation of mesogenic structures. Thus, for in- 
stance, the first hydrogen-bonded supramolecular mesogenic 
polymer, which consists of different and independent molecular 
components, was prepared from a stilbazole and a polyacrylate 
containing a benzoic acid group in the side chain.['] Two bifunc- 
tional complementary components were used for the formation 
of the first main-chain supramolecular mesogenic 
Since then, a wide variety of hydrogen-bonded supramolecular 
polymers that exhibit mesomorphic behavior have been pre- 
pared by self-assembly processes.[41 Recently we have shown 
that 2,6-bis(acylamino)pyridine can be used as a molecular com- 
ponent for supramolecular liquid-crystalline materials through 
the formation of double hydrogen bonds.['] These complexes 
exhibit only monotropic mesophases with relatively narrow 
temperature ranges. Aminopyridines have been used frequently 
as versatile molecular units for the control of molecular aggre- 
gation.K3. '1 
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Our aim is to  obtain a nylon with heterocyclic units in the 
backbone that is capable of molecular recognition and self-or- 
ganization through the incorporation of the bifunctional pyri- 
dine, and we report here on a novel form of self-assembly of a 
main-chain polymer, which leads to  a greatly stabilized 
mesophase through complexation of a phenylbenzoic acid with 
a 2,6-bis(amino)pyridine unit in the polymer backbone. The 
2,6-bis(amino)pyridine unit was incorporated into a polymer 
main chain to enable the polymer to recognize hydrogen-bond- 
ing molecules on its backbone. Polyamide 1 was prepared by 
low-temperature polycondensation of 2,6-bis(amino)pyridine 
and sebacoyl chloride in solution. The polymer is nonmeso- 
genic. On heating the polymer, glass and melting transitions 
were observed at  118 and 222 "C, respectively. 4-(4-(Octy- 
1oxy)phenyl)benzoic acid (2) exhibits a smectic C phase between 
179 and 250 "C, and a subsequent nematic phase up to 259 "C. 

- 
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We expected that 1 and 2 would form a supramolecular com- 
plex.[', *I The 1 : 1 complex from 1 and 2 (equimolar amounts of 
aminopyridine and carboxylic acid moieties) was prepared by 
direct mixing in the molten state. Microscope studies and differ- 
ential scanning calorimetry (DSC) measurements gave no indi- 
cations of transition behavior for each of the single components, 
rather the complex behaved as one single macromolecular com- 
ponent. The complex exhibited a melting transition at 212 "C. 
After melting, birefringence, which suggests the existence of a 
mesophase, was observed under a polarizing microscope. Signif- 
icantly, the mesophase was stable up to 350 "C;  thereafter, the 
polymer slowly decomposed. The results of X-ray diffraction 
measurements for the complex support the existence of the 
mesophase. Figure 1 shows X-ray diffraction patterns of the 
crystalline state (A) and of the mesomorphic state (9). The peak 
due to  the layer spacing at  31.5 A and several peaks in the 

B, n 
J'! 
J 

1.2 10.0 20.0 30.0 

261" - 
Figure 1. X-ray diffraction patterns of the complex formed from 1 and 2 at 100 'C 
(A) and at  290 'C (B). 




