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Abstract: The alkylating ability of the oxetane ring in the carbohydrate struc-
ture was investigated and a flexible method for the construction of a bolaform
amphiplile skeleton with xylose as the polar head is proposed. The method is
based on oxetane ring opening in the easily accessible 3,5-anhydro-1,2-O-cyc-
lohexylidenexylofuranose (1). One-step nitrogen alkylation in terminal diam-
ines with 1 gave the basic cationic bolaform skeleton with xylose as potential
polar head and a deliberately chosen length of the non-polar spacer. Under
similar experimental conditions, but with an appropriate mole ratio of the
alkylating agent, the alkylation reaction provide for selective monoalkylation
of the diamines. Successful alkylation in the xanthine series (theophylline) was
also achieved with 1, giving a new 5-deoxy-5-(1,2,3,6-tetrahydro-1,3-dimethyl-
-2,6-dioxo-7H-purin-7-yl)-a-D-xylofuranose derivative.

Keywords: bolaform skeleton; oxetane ring; alkylation; ring opening.

INTRODUCTION

Oxiranes and oxetanes, as highly strained heterocycles, are archetypical alk-
ylating agents. Oxetanes are widely used in organic syntheses and are considered
to be less carcinogenic and lack genotoxic capacity compared to epoxides and
B-lactones.! The alkylating potential of the oxetane ring is a consequence of its
ring strain, which was determined to be 106 kJ mol-!, a value close to that of oxi-
rane (112 kJ mol-1).2 However, the ring-opening reactions of oxetanes usually
require powerful acid catalysts, or other specific catalysts providing for particular
synthetic features.3 The oxetane ring is for steric reasons rarely encountered in
carbohydrates. When present, it frequently possesses interesting pharmaceutical
properties and offers numerous possibilities for chemical transformations.* In
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1274 HADZIC, POPSAVIN and BOROZAN

this report, the high alkylation potential of the oxetane ring in the easily access-
ible 3,5-anhydro-1,2-O-cyclohexylidene-a-D-xylofuranose> (1) toward the nitro-
gen in aliphatic diamines and in xanthine series (Scheme 1) is presented.
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Scheme 1. Alkylation ability of 3,5-anhydro-1,2-O-cyclohexylidene-a-D-xylofuranose (1). Its
use for basic bolaform skeleton synthesis (2—4, the graphical curve represent the hydrophobic
spacer), selective monoalkylation of diamines (5-8), and alkylation in the xanthine series 9.

From the practical standpoint, the alkylation of aliphatic diamines leads to
one-step construction of basic cationic bolaform detergent skeleton, while in the
xanthine series, a new type of 7-xylose substituted theophylline derivative was
obtained under mild and operationally simple reaction conditions. All alkylations
were performed under solvent-free reaction conditions, additionally illustrating
alkylation potential of the carbohydrate oxetane ring.

EXPERIMENTAL

Thermal solid-state alkylation reactions are classical examples among solvent-free reac-
tions, and not a new concept. In particular, the N-alkylation of phthalimides and heterocyclic
systems, such as carbazole with alkyl halides, are known examples.® Unexpectedly, the high
inclination of the oxetane structure in 1 toward nitrogen alkylation in this investigation enabled
the realization of solvent-free reactions, giving benefits in product isolation procedures.

General reaction conditions. 1 and a diamine (1,2-diaminoethane, 1,4-diaminobutane,
piperazine, N-methylpiperazine or theophylline from commercial suppliers and without
further purification) were mixed in the appropriate mole ratio for alkylation of both nitrogen
atoms, or selective alkylation of a single nitrogen in diamine compounds, with addition of
water as catalyst. The reaction mixture was held in a hermetically sealed stainless steel reac-
tion flask at temperature 110-130 °C for 12 h with occasional mixing. The products were
isolated either as free bases, hydrochloride or oxalate salts (Table I).

Detailed experimental synthetic procedures and analytical data confirming the structures
of the newly synthesized compounds are given in Supplementary material to this paper.
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TABLE 1. Products of alkylation of diamines and alkylation in xanthine series with a
carbohydrate oxetane ring

Cmpd. Alkylation position Compound name
2 —HNCH,CH,NH- 5,5'-(1,2-Ethanediyldiimino)bis[ 1,2-O-cyclo-
hexylidene-5-deoxy-a-D-xylofuranose]
3 —HNCH,(CH,),CH,NH—- 5,5'-(1,4-Butnediyldiimino)bis[ 1,2-O-cyclo-
hexylidene-5-deoxy-a-D-xylofuranose]
4 —N(CH,CH,),N- 5,5'-(1,4-Piperazinediyl)bis[ 1,2-O-cyclohexylidene-
-5-deoxy-a-D-xylofuranose]
5 H,NCH,CH,NH- 5-((2-Aminoethyl)amino)-1,2-O-cyclohexylidene-5-
-deoxy-a-D-xylofuranose dioxalate
6 H,NCH,(CH,),CH,NH-  5-((4-Aminobutyl)amino)-1,2-O-cyclohexylidene-
-5-deoxy-a-D-xylofuranose dioxalate
7 HN(CH,CH,),N— 1,2-O-Cyclohexylidene-5-deoxy-5-(1-piperazinyl)-
-a-D-xylofuranose
8 CH;N(CH,CH,),N- 1,2-O-Cyclohexylidene-5-deoxy-5-(4-methyl-
piperazin-1-yl)-a-D-xylofuranose
9 C|3H3 1,2-O-Cyclohexylidene-5-deoxy-5-(1,2,3,6-tetra-
O~_N N hydro-1,3-dimethyl-2,6-dioxo-7H-purin-7-yl)-
\|/ | \> -a-D-xylofuranose
Hae™ N N
o)
RESULTS AND DISCUSSION

Amphiphiles with two polar heads connected by a hydrophobic spacer (bola-
amphiphiles) have attracted ever-increasing attention since similar structures
were found in some archaebacteria cell membranes that sustain harsh environ-
ments, high salt concentrations and elevated ambient temperatures.” A range of
bolaamphiphiles have been synthesized so far, either to imitate components of a
natural cell structure, or to investigate their lipophilic-hydrophilic properties.8 In
attempts to realize specific properties, a variety of bolaform surfactants with a
carbohydrate as the hydrophilic moiety have also been considered. Carbohydrate-
based detergents are recognized, and convenient syntheses of compounds with
variable lipophilic-hydrophilic balance based on xylose, in particular, as the
polar head, or from other carbohydrate but with preserved xylo-configuration, are
known.? Specifically, syntheses of bolaamphiphiles based on xylose are also
described.10 The authors affirmed earlier findings!! on the significant impact of
the length of the hydrophobic linkage (spacer) on the aggregation properties of
bolaamphiphiles with sugar heads. Consequently, a simple synthetic method for
the construction of the basic bolaform skeleton with xylose-based hydrophilic
heads and deliberately preferred hydrophobic spacer length is intriguing. Herein,
the alkylation ability of the oxetane ring in 1 toward terminal diamino com-
pounds as a simple, practical and flexible method for the construction of the
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cationic bolaform skeleton, or selective monoalkylation of aliphatic diamines and
natural products are reported.

The opening of oxetane ring in 3,5-anhydro-derivatives of suitably pro-
tected!2 xylofuranose derivatives with aqueous ammonial3 and amines!4 was
investigated earlier. The reaction leads to one-step nitrogen alkylation. Under
simple reaction conditions, the one-step dialkylation of a,w-diamines of the gen-
eral formula HyN-(CH,)—NH», or cyclic diamines (piperazine) with 1 lead
smoothly to the basic bolaform skeleton 2—4.

For further demonstration of akylating ability of carbohydrate oxetane 1, the
alkylation of diamines accomplished under essentially the same experimental
conditions but with a different mole ratio of 1 toward the diamines resulted in
selective monoalkylation of diamines 5-8.

Frequently, prior activation of oxirane and oxetane rings is a necessary step
in alkylation reactions and different catalysts are used for this purpose. Proton-
ation of oxygen in oxetane ring significantly eases nucleophillic attack of nucleo-
phillic species present and hence, the ring opening is facilitated by acids. As
demonstrated earlier, water could also play the role of the catalyst,!5 and the
present experiments afforded further experimental evidence on the subject. Parti-
cularly, water was found to be an appropriate catalyst for the alkylation tendency
of 1, owing to the expected significant strain energy release in the system of three
condensed small rings in 1.

Our previous investigations of the reactivity of the 3,5-anhydro ring in 1
towards selected nucleophiles demonstrated pronounced regioselectivity of the
oxetane ring-opening process.1® Again, it was found to be the case in the reaction
of 1 with diamines. The only isolable products originated from the regioselective
nucleophillic attack of nitrogen on the terminal carbon atom of xylofuranose
(C-5). No detectable products of inversion at the C-3 carbon of starting 1 were
found because of the hypothetic nucleophilic attack at C-3, i.e, the xylo- con-
figuration was preserved throughout.

To prove further the alkylating ability of the oxetane ring in the carbohydrate
structure 1, the alkylation of some natural products was considered. Many nitro-
gen-containing heterocycles demonstrate pronounced pharmaceutical activity.
Among them, xanthine and substituted xanthine derivatives are an important
class of compounds with a well-known spectrum of activity.!7 In particular, theo-
phylline pentosides are the subject of intensive synthetic interest because of their
structural resemblance to nucleosides. Theophylline-7-riboside was evaluated as
a partial agonist for ubiquitous adenosine receptors!8 with the conclusion that it
has characteristics between full agonists and full antagonists (xanthines). Fol-
lowing thee findings, further attempts were made to synthesize different 7-sub-
stituted xanthine derivatives with a modified ribose rest.19 To the best of our
knowledge, among other theophylline 7-pentofuranosides, arabinoside and xylo-
side are also known.20
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In further experiments, it was found that alkylating potential of the oxetane
ring in 1 could be used for the facile synthesis of a 7-xylose substituted theo-
phylline derivative, however with a new pentose substitution pattern. Namely, all
previously synthesized pentose derivatives were connected to theophylline
through C1 xylose carbon.

Thus, the alkylation of theophylline with 1 smoothly gave 5-deoxy-5-
-(1,2,3,6-tetrahydro-1,3-dimethyl-2,6-dioxo-7H-purin-7-yl)-a-D-xylofuranose
derivative 9. However, theophylline did not react under the standard procedure
(heating a mixture of diamine, oxetane 1 and water as catalyst), but further
activation of the 7'-theophylline position was necessary, and hence the potassium
salt of theophylline was prepared.2!

CONCLUSIONS

The use of protected 3,5-anhydroxylofuranose as alkylating agent represent a
new practical and adaptive method to reach the basic cationic bolaform skeleton
with xylose-based polar heads and variable lengths of non polar spacer. The
described one-step synthetic procedure give products that could be easily con-
verted into carbohydrate polar heads with retained Xylo-configuration, with deli-
berately chosen hydrophobic spacer length and in acceptable isolated yields. In
the xanthine series, the alkylation provide for new 7-xylose substituted theo-
phylline with the substitution pattern reversed to that previously described.

SUPPLEMENTARY MATERIAL

Description of specific synthesis methods and the analytical and spectral data of the
synthesized compounds are available electronically from http://www.shd.org.rs/JSCS/, or
from the corresponding author on request.

U3BOJ
AJTIKWIIYJYRHU TIOTEHUUJAJL YIJbBEHOXUIOPATHUX OKCETAHA: [IPAKTUYHA
CHUHTE3A JEPUBATA BOJIA®GOPMHOT CKEJIETA

TIABJIE A. XAIIUR', MUPJAHA M. TTIOTICABUH? 1 CYHUYHIIA 3. BOPO3AH’®

1Hucmuu7yu7. Towa, Munana Paxuha 35, 11000 Beoipag, 2Hpupoguo—mau7.emamuuxu paxyniuei,
Hetiapuman 3a xemujy, Ynueepsuitiewi y Hosom Cagy, Tpi [I. Odpagosuha 3, 21000 Hosu Cag u 3<Darcyﬂu76m
selliepuHapcke meguyune, Yuusepsutieini y beoipagy, Bynesap ocnodohewa 18, 11000 Beoipag

Hctpaxena je ankuinyjyha crmocoBHOCT OKCETAHCKOT MPCTEHAa Y CTPYKTYPH YITheHUX
XUgpaTa U npepasoeHa je dekcuduiHa MeTola 3a CUHTe3y ckenera 0omadopMHUX aMdu-
(una ca kcUI030M Kao INOJapHOM INaBOM. MeToja je 3acHOBaHa Ha peaklHjd OTBapama
OKCETaHCKOT IpCTeHa KOf JaKo AOCTYHe 3,5-aHxuppo-1,2-O-uuKioxekcHiuaeH Kcunodypa-
Ho3e (1). AnkwioBame Ha aTOMY a30Ta KOJi TEpMHUHANHUX OUaMuHa ca 1 naje ocHoBHHU Dorna-
(opMHH ckerneT ca 3alTHheHOM KCHI030M Kao MOTEHLHjaTHOM XHUIPOGMUIHOM IJIaBOM H IO
BOJbY M3adpaHOM IyKHHOM XHUAPO(OOHOT Tesna. Y CIMYHUM peakLMOHUM YCI0BHUMA, alu ca
IpyrauvjuMm onroeapajyhum MOJICKMM OJHOCOM ankuiyjyher areHca, OCTBapeHO je cesek-
TUBHO MOHOQJIKWIOBawke AUaMUHa. Takole, OCTBAPEHO je YCNEeIIHO aJKUIOBalke Y CTPYKTYPH
KCaHTHHA, NIDU YeMy je MOoDOHMjeH paHHje HEOIHMCaHW AepHBaT KCaHTHHA 1,2-O-LIHKIOXEKCH-
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1278 HADZIC, POPSAVIN and BOROZAN

nuneH-5-neokcu-5-(1,2,3,6-terpaxunpo-1,3-gumeTun-2,6-01uokco-7H-mypus-7-ui)-a-D-KCH-
nodypaHosa.
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(TTpumsseno 24. dhebpyapa, pesunupano 30. mapTa, npuxsaheno 16. anpuna 2015)
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