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Synthesis of macrocyclic and linear oligomers

B

of methyl ¢-D-mannopyranoside

Summary — The polycondensation of o
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1 -his{2-formylphenoxyialkanes (11} using various acid catalysts lea

nethyl c-D-mannopyranoside (I) with
ads to the

formalion of macrocyelic compounds [lTl] and [2+2] and linear copolymer.

SME and ESI-ME studies demonstrated the

evidence of structure of macro-

cyclic compounds, The structure of dialdehvde, the nature of the catalyst, and
in particular, the melar ratio of catalyst to dialdehyde, show a very pro
nounced effects on yield of the resulting macrocycles,
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Macrocvelic compeounds are now used for a variely of
applications [1] such as sensors, umaging agents, cata-
lysts, and for ion analvsis, providing further impetus for
the Lim-e-‘rrpr“vut of this area, In particular, the incorpo-
ration of carbohydrate subunits into a macrocyclic ring
has been t|1{= tocus of much attention due to the unusual
chemical, physical and biological properties that such
systoms f:.xh.-.-'.l'.t.

In 1912 Rugeli [2] published the first syntheses of
macrocveles under conditions u-‘h‘l:]'l "ru:ru: later called
R mﬂll—/ iegler dilution method” D& |5] This
RZDH then became the standard Flf-.'.--:'v-"
preparation of macrocyeles. This method is based on the
consideration that difunctional monomer under candi-
tions alloaving for a clean and rapid reaction has the
choice to undergo ovelization or dimerization. Analo-
sously, higher oligomers have the choice bebween cyeli-
sation and ]:nlj,fc:rmdcl.aahm‘l. However, this approach is
expensive and makes it difficult to synthesize larger
gquantities of macrocycles,

The important rele of cyclization in polycondensa-
tion has not been demonstrated until very recently by
Ericheldorf of al. [4]. In the classical theory of polycon-
densation as developed by Carothers [5] and Flory [6, 71
evelization reactions do not play any role, and no difte-

rentiation between kinetically controlled and thermody-
namically controlled polycondensations (TCFP) was
1950 Jacobson and Stockmayer [8] modified

ure for the

made. In
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TCP cyclic ruli TOMETS
"back-biting degrada-
. Thermodynamically controlled pulyvcondensation

densation involving “hack-biting dcu

liis theory, demonstrating that i
and po]tnwﬂ may be formed L-

tion”

concerns palycon
gradation” and other equilibrivm reactions {also called
transreactions or interchange reactions), In contrast, the
kinetically controlled polycondensation 'K{_“-”:- s ocharac-
terized by the absence of eguilibrivm and *
reactions an .L‘:\-.]ll‘]]lcﬁ reaction mixtures do not ne-
cossarily represent thermodynamically the most stable
situation. Tt is still accepted in all textbooks that accord-
ing to the equation of Carothers a clean TCP and KCE
running up o 100 % comversion will vield one ¢ igantic

back- |;'II||I'I'-'l

vl the

polvmer chain with a low weighl percentage of cyelic
oligomers as byproduct of the “back-biting equilil-
rium”, Meanwhile, the recent mathematical and experi-
mental treatment of KOCPs [4] has shown oy clization to
compets with |_'3I]'|_‘|1_‘lﬂgﬂl'1|:_'|!'| at any concentration and at
any stage of the polveondensation process,

Many macrocyclic polyether systems have been pre-
pared since Pedersen’s earlier syntheses of derivatives of
crown ether [92]. The methe
-assembly of the substrates, that proceeds their linking
vz covalent bond(s), on regio- and stercochemistry of
the poourring processes with the special attention being
paid to the role of so-called "templates”, determining the
orientation of the substrates duc to the stabilization of
particular transition states. Hydrogen bonding, lipo-
philic;, hydrophilic interactions or combination of them
in g molecule have proven to b par "rirl"'a*lv prm':l'lr.*nt m
design efforts to control a self-assembiy [10].
the svnihesis, simc-
ture and stercochemistry of polvacetals formed in the

id explotts spontancous self-

Crar interest bas been focused on
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acetalization of methyl D-hexopyranisides with dialde-
hyde. Larly studics in our laboratory demonstrate that
the reaction of methyl w-D-mannopyranoside [Formula
tI) on Scheme A| with dialdehvdes {terephthalaldehvde
[11] or Lx-bis(2-formviphenoxy)alkanes [Formula (I on
Scheme AJ [12—15]} leads to the formation of macrocy-
cles and linear macromolecules. The present paper deals
with studies on parameters that could control the con-
tent of macrecvelic compounds in the polycondensalion
af (Tr and {IT)

EXPERIMENTAL

Materials

The following materials were used:

— Methyl a-D-mannepyrancside — Fluka, Bio-
Chemika for micrabio ]E]'—"'\’ =00 01 % (surm of enantiomers,
HPLCY, [w]z = +79£27 (¢ = 10 1n H;0), melting point
TH7—189 °C,

— Lx-BisiZ-formylphenoxylalkanes — alkylation of
2-hydroxybenzaldehyde (Fluka) was accomplished
etherification with 1,x-dibromealkane

i
Willlamson
iFlukal [1a).

— Catalysts — p-Toluenesulfonic acid monohvdrate

+16223% (c = 1.5 in H0), melting point 290—300 °C;
£15]-[+J-camphur—lU-su‘fonlc acid (CSA; Aldrich), 99 %,
[0]5 = +19.97 {c = 2 in H;O), melting point 96—200 "ff
Amberlyst®15 (Fluka).

— Solvents — benzene, dimethylsulfoxide (DMSO),
chloroform, acetone, pyridine anhydrous 99.8 % (POCh,
Gliwice, analitycal grade products).

Polycondensation

A mixture of (1) (01L.05 male) and (I (0.05 maolel in
solution (benzene /17850 containing selected acidic
catalyst was subjected to azeotropic distillation (Dean-
-Stark). After the reaction, the catalyst was filtered off (or
deactivated with CaCO5) and the solvent was removed
under reduced pressure, The residue was extracted with
chloreform. The extract was washed with a solution of
MaHT O, water (3—4 times), dried aver mh"drn'_r«'
Mg50., filtered off and chloroform was removed un
reduced pressure. The product was analyzed by .'\.1-11?
and ESI-MS spectroscopy.

The [ractiom insoluble in acetone |Formula (111 on
Scheme A where x = 4, 5, 6, 5] was purified by crystal-
lization from ethvl acetate:chloroform (8:1). The struc-
ture of (ITT) was identified by 'H NMR, *C NMR spec-

{(p-TsOH; Fluka); f-eyclodextrin (B-CD; Flukal, [ald = tra.
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Alter evaporation of acetone, the oligomernc residuoe
[Formula (1V)] was dried under vacuum.

Methods

| g P - - =
‘H oand 0 NMR speclra were recorded using
a Varian Unitv/Inova spectrometer (300 MHz and

75 MHa, respectively) in deuterated chloroform with
tetramethvlsilane as an internal standard.
ESI-MS experiments were carried out using a Finni-

gan MAT TS0 700 triple stage quadrupole mass spectro-
meter equipped with an electrospray lonization {L5I)
source (Finmigan, San Jose, CA, TSL The sample Was
dissolved in methanel at a concentration of 0.5 mg-mL™
and introduced into the ESI source by continuous infu-
S100 1‘-1.' means of the instrument syringe pump at a rate
of 3 mL-min™, The ESI source was operated at 4.5 KV,
with the {:ELpJ]]ar_'-f heater held at 200 “C, under gas pres-
sure (N2 of 40 psi. Mass spectrum was acquired over the
range of mfz 30—=2000 in positive lon mode,

RESULTS AND DISCUSSION

of (IHa) where x = &) are
particularly noteworthy, the signal at 6,60 ppim is charac-
teristic for the acetal proton in 1,3-dioxelane ring in their
eiedn (Floyad position, the acetal proton at 6.01 ppm in
1,3-dioxane ring is characteristic for the axial position
ifx; b its chair conformalion); the signal at 5
dure to the presence of anomeric proton of
noside ring.

The characteristic signals due to methoxy protons,
acctal profons and aromalic

The signals in Figure 1

=

L8 ppm s
mannopyra-

srotons, which exist in the

(53

Table 1. Chemical shifts of acetals anomeric and methoxy pra-
tons of methyl 2,300 6-d0-02-[2, 200 x-buthooy) phenvlidene-o-[0-
-mannopyranoside [macrocyclic compound (1]

Methyl 2,334 6-di- Chemvical shifls, ppm
012,200 b 2 2 e
“ = | 2 acetal ol QI an W
1w Ipbweneli- Ay L mcetal :
-‘ L; ; 31 sInIE 1’” \xrR MR | faceal
dete-12-D-man : i i [
25 (Hupn! g I H MR
F-\'ﬂ i PR T i ) £ R Al o P e
s O MNME TR | O NMEY (T NMERDY
.34 559 5.5 34
[EER 55,3 (9541 (CERY
s o.6d a4 AAA 333
5
’ (o2 1981 (97.5)
o 0l il
: e ELIE!
; fila
3 (2541
] 6,36 5.8 ] 3.32
] f.aS =00 5.2 Gl
12 1.6 A4 A 339

ratio 3:2:8, respectively, confirm that all condensation
pr-:'.-d ucts {HIal consist of fwo cvelic acetal rings ';'uridgf}d
by a di-0-]2,241 x-alkoxyiphenylidene unit. The acetal
protons of 1.3-dioxolane ring in all macrocyeles exist in
endo orientation,

The C NMR spectrum (Fig. 21 confirmed the macro-
cvelic structure of (T11a) wmrm-:ml

The appropriate chemi HL1 s of acetals H-2 dioxo-
lan-2-vl (H..:0 and H-2 dmmﬂ-.—;-};l (Hq ) Al &

fanomeric) protons (Hg,) of particular macrocyclic com-

-0CH,
T
Ely, o,
H, 9
o 7 ] -CH,-
3 ?
(5 . o
T I 1 [ T | -
8 7 F. '3 4 3 2 i 0
B, [rpam
Fig. 1. 'H NMR (300 MHz, CDCL;) spectrum of macrocyclic compound (1n)
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Fig. 3. Effect of dwlkoxy spacer length (amount of (x)] o1 (IT)

on the yield of macrocycles (p-Ts0H, benzene:DMS0 = 41,

t=121

pounds let calculate their amounts in mixture of pro-
ducts (Table 1). This approach allows controlling and
estimating every experimental data without their sepa-
ration.

Special attention was paid to structural effects of dial-
dehvdes: the position of CHO groups in the aromatic
ring and the length of dialkoxy spacer between aromatic
rings,

A successful synthesis of macrocycles can be
achieved from (I} and dialdehvdes in which formyl

des with -CHO in mefa and para positions with (I [eads
to formation of inear macromelecule only [14].

l'igure 3 presents the relationship between the length
of the dialkoxy spacer in (II} and the yields of macro-
cycles,

From the thearetical point of view a flexible chain of
compound can adopt a high number of conformations.
When the number of flexible conformation decreases the
yvield of cyclization increases,

The efficiency of cvelization depends on the tlexi-
bility {length) of spacer in dialdehydes. A very pro-
rnounced effect on the cyclizalion has been observed,
when the alkoxy spacer between aromatic rings was
short, ez, OICH;1,0 and OICH:):0.

The appropriate mixture of solvents in the reaction
could control the formation of macrocyelic compeounds.
Benzene:DNS0 (4:1) was selected as reaction medium,
because homogenous reaction conditions and the high-
est conversion of macrocvclic compounds were ob-
served.

The nature of catalyvst, and in partieular, the molar
ratio catalvst:dialdehyde, show a very pronounced effect
on yield of the resulting macrocycles. A plausible
mechanism of the formation of cvclic acetals catalyzed
bw acids is outlined in Scheme B,

In particular, the relationship between the nature of
selected acidic catalyst and content of macrocycles
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Scheme B. Mechauism of the formation of cyclic acetals catn-
fyzed Iy acuds

tormed in the polveondensation of (1) with 1,8-bis{2-for-
mvlphenoxyioctane (18-0-dial) has been examined
The reactions were performed in a mixture of solvents
benzene:DMS0 = 421, at the molar ratio of 1:1 for 12 h
Lxperimental data are presented in Table 2.

The predominance of macrocyele [1+1] with 53.6 %
yvield was observed when the condensation of (I with
1.8-i-dial was ratalvzed by p-toluenesulfonic acid
(p-TelHD.

However, pyridine p-toluenesulfonate and camphir-
-M-sulfonic acid (CSA) demonstrate relatively [ower
catalytic activities in comparison with p-TsOH in the cy-
clization process. Contrary to our expectations, it was
found that polyeondensation of these substrates in the

Yield ol macrocycles, %

malar rato (1) -TsOH

Fig. 4. Effect of the molar ratio of 1.8 Bis(2-formdphenoxylac
tarie (11} and p-TsOH on the yleld of macrocycles (ben-
zeneDMS0 =41, F=12 11)

Table 2 Influcnce of kind of catalyst on content of macroeyeles
in pelyacctals with (1) and 1,5-0-diol (benzepe:DMSO = 421, £ =
12h)

Catalyst Macrocyeles, Yo lntal comw., %
P-10H 534 il
CEA 287 71O
[ T S Y 532 Ba7
Coa RO 457 5.3
P-TsOM + pyridine 2249 THa
Amber |_'>':i|.3 15 2.

=1

presence of Amberlyst 13 [styrene-co-divinylbenzene-
SC5EHD led to the products of linear structure, The yield
of macrocycles was very small (2.2 %) insufficient to
identify the structure,
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Fig. 5. E5I-MS spectra (i positive fon mode) of macvocycles [Te1] (adand [242] (), x = 8
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This effect can be explained on the basis of non-cova-
lent bonding interactions of anionic part of catalysts dur-
ing the reaction. Thus, p-TsOH ts not only the catalyst of
acetalization, but also efficient and cooperative self-as-
sembly template in the process of construction of novel
compounds (macrocyeles). Pyridine p-toluenesalfonate
and camphor-10-sulfonic acids have relatively larger
groups in comparison with p-TsOH and thus the vield of
macrocvoles was lower In the case of polvmeric catalvst
— ﬁﬂ.bi!?l}fﬁtﬁ; 13, the interactions between anions and
maolecules containing both reactive groups probably do
not exist,

The influence of the nature of catalyst and co-
monomer (dialdehyde) in this reaction have been ohb-
served in the relationship of molar ratio of (IT} and cata-
Iyst,

As depicted in Fig. 4 the fraction of macrocycles de-
creases with increasing of menomer (dial)/catalvst mo-
lar ratig.

ESI-M5 is important toel in the studies on structure of
polymer chain and macrocyelic compounds [17].

Yicld of macrocyeles, e

[
L

i 17 34
Time, hy

[

63 &3

Fig. 6. Effect of the tine of reaction of (I} with 1,8-bis(2-for-
niylphenoryloctane i the yield of macrocyeles (p-TsOH, ben-

zene:DME0 = 4:1)

E5I-MS analvsis of polveondensation product (1)
with 1.8-0-dial revealed the presence of protonated ions
with mfz values of 310.3 and 1022.3, and their values of
silver adducl ions with iz values of 619.1 and 1133.3,
These values correspond to the individual macrocyveles
[1+1]and [2+2] (Fig. 5).

It was [ound that the [raction of macrocycles (Fig, &)
increases during the polycondensation reaching the
equilibrium of ring-chain at very high conversion.
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CONCLUSIONS

As shown in our previous papers [12—15] at this
work the polvcondensation of methyl g-D-mannopyra-
noside (1) and dialdehvdes (1,x-bisi2-form viphenoxyial-
kanes (1) is a rather clean thermodynamically controlled
step growth polymerization with a high extent of cveli-
zalion,

The nature of catalvst, and in particular, the molar
ratio of catalvst and dialdehvde, show a very pro-
nounced cffect on vicld of the resulting ::’.i':f‘!'f}-li}'i]l_"_‘-'u.
This effect can be explained on the basis of non-cavalent
bonding iself-assembly process) between catalyst and
menemer compounds, Thus, p-toluenesulfonie acid s
not only the catalyst of acetalization, but also efficient
and cooperative self-assembly template in the process of
canstruction of nevel compounds (macrocveles)
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