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Abstract—A synthesis of a novel chiral diaza crown cthers derived from a-D-glucose, x-b-mannose, and
2-p-galactose in two alternative pathways is described.

Synthetic macrocyclic molecular receptors have been
the subject of investigations through years. They
possess selective binding abilities toward cations
either inorganic and organic anions as well as small
neutral molecules. They behave as enzyme models
and are useful in phase-transfer catalysis. Many
excellent reviews have been published on this topic.'

A great number of chiral crown ethers has been
synthesized.? They exhibit chiral recognition towards
optically-active primary ammonium cations, and this
feature was applied by Cram et al. for resolution of
racemic amino acids by means of HPLC.?

So far a very limited number of chiral aza crown
ethers has been reported.* This fact can be attributed
to less available starting materials than in analogous
preparations of *‘all-oxygen™ crowns and synthetic
problems due to protection-deprotection of the nitro-
gen atom. Introduction of nitrogen atoms into a
macrocyclic ring offers various synthetic possibilities.

We report now full experimental data concerning
the synthesis of a new chiral diaza 18-crown-6,
derived from methyl 4,6-0-benzylidene-a-p-manno-,
gluco-, and galactopyranoside (1a, b, ¢, respectively).
We selected sugars as a cheap source of chirality.
Hence, sugar can be functionalized in desirable man-
ner, thus they are attractive because of synthetic
point of view.

RESULTS AND DISCUSSION

There are in principal two ways leading to the same
macrocyclic systems. The path I (Scheme 2) consists
on a “step-by-step” synthesis. Sugars 1a—c (Scheme
1) were O-alkylated very smoothly with t-butyl bro-
moacetate under phase-transfer conditions® in high
yield to give diesters 7a—c exclusively. Reduction of
7a— with lithium aluminum hydride yielded the
corresponding diols 8a—c in excellent yield. To-
sylation of 8a—c afforded bistosylates 9a— in good
yield. Although those 92— have been reported by
Stoddart® it seems that our method possesses some
advantages since it avoids the ozonolysis of the dially!
derivatives of 1a—¢. Condensations of the bistosylates
92— with N,N’-bisethoxycarbonyl-1,8-diamino-3,6-,
dioxaoctane 6 (Scheme 1), performed according to
the procedure described by Sutherland,’ led to desired
compounds 10a-¢ in good yield; reduction of the

tPreliminary communication: /dem, J. Chem. Soc. Chem.
Commun. 132 (1983).

obtained biscarbamates followed by lithium alumi-
num hydride’ yielded N,N’-dimethyl diaza-crown
ethers 1la—c.

Apparently, the condensation of the bistosylate 9a
with 1,8-diamino-3,6-dioxaoctane 5* on alumina
coated with potassium fluoride’ in acetonitrile-
tetrahydrofuran mixture at elevated temperature pro-
vided diaza-crown 12a in satisfactory yield. Although
the utility of potassium fluoride on alumina has been
successfully exhibited in the preparation of a simple
“all-oxygen™ crowns,’ we demonstrate the first exam-
ple of the formation of diazacrowns under such
conditions. However, it should be noted that the
main drawback of this method is that base-sensitive
groups like esters are affected by potassium fluoride
on alumina.

The method presented above is rather time-
consuming, so this fact prompted us to investigate
shorter procedures leading to the title compounds.
We found two independent solutions of this problem
(Scheme 3).

The path Il A consists on the O-alkylation of the
dianion, generated from la—¢ by sodium hydride in
dimethylformamide, with N-tosylaziridine 3'° to form
an intermediates 13a—c. Condensations'' of 13a—¢
with triethyleneglycol bistosylate 4 in the same reac-
tion flask at elevated temperature (without isolation
of the intermediates 13a—) afforded N,N’-bistosyl
diaza-crowns 14a—. Reduction of 14a followed by
lithium aluminum hydride in boiling tetrahydro-
furan'? afforded deprotected diaza-crown 12a in good
yield.
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The path Il B is only a modification of I A. The
difference between 11 A and Il B consists in the fact
that in Il B N-tosylazridine is formed in situ from
NI[2 - [(p - toluenesulphonyl)oxylethyl - p - toluene-
suiphonamide 2 in the presence of two additional
equivalents of sodium hydride.

These two methods, “step-by-step™ and *‘one-pot”,
presented herein have their advantages and draw-
backs. In the first one the main drawback is the use
of t-butyl bromoacetate which is relatively expensive.
All the attempts to replace this reagent by ethyl
chloro-, bromo-, and iodoacetates have failed be-
cause of fast ester hydrolysis under phase-transfer
conditons. The second way is much shorter, and
overall yields are higher than those for the path-
way L.

Finally, this approach provides a simple and con-

venient synthesis of chiral diaza-crown cthers of
potenital interest in host-guest chemistry.

EXPERIMENTAL

'H NMR spectra were recorded with a Joel INM—4H-100
spectrometer for CDC, solutions (6 scale, TMS as internal
standard). Mass spectra were obtained with a LKB 2091
spectrometer at 15 or 70eV. All the solvents were of
analytical grade. Dimethyl sulphoxide, triethyl amine, tet-
rahydrofuran and dimethylformamide were distilled over
calcium hydride and stored over molecular sieves A—4.

Starting materials. Compounds la, 1b and lc were pre-
pared according to Ref. 14. Bistosylate 2 was synthesized
with the method of Ref. 13. Tosylaziridine 3 was prepared
according to Ref. 10. Tricthyleneglycol bistosylate 4 was
obtained according to Ref. 16. Compound 8 was prepared
with the methof of Ref. 17. Bisurethane 6 was synthesized
according to Ref. 18.

Methyl 4,6 - O - benzylidene - 2,3 - O - bis(1 - butyl-
oxycarbonylmethyl) - a - D - mannopyranoside Ta. 1a (3.6 g,
12.8 mmol), benzene (30 ml), 50% aqueous NaOH (25 ml)
and Bu/,NHSO, (2.1 g, 6.4 mmol) were placed in a round-
bottomed flask and stirred vigorously at 10°. t-Butyl bro-
moacetate (7.5 g, 38.4 mmol) was added dropwise rapidly,
and stirring was continued for 30 min. Water (50 m!) and
hexane (100 ml) were then added, the mixture was stirred for
10 min and the organic layer was passed through a short
layer of silica gel and evaporated. Yield 6.2 g (95% of oily
Ta). (Found: C, 60.75; H 7.89. C,,H O, requires: C, 61.16;
H, 7.51%). MS (15eV), m/z (%,): 511 (M*, 0.2), 398(21),
353(25), 187(22), 175(70), 131(18), 105 (28), 57 (100); 'H
NMR, &: 7.45 (5H, m, Ph), 5.65 (1H, s, PhCH). 5.10 (1H,
s, MeOCH), 4.50-3.80 (10 H, m), 3.45(3H, s, OCH,), 1.52
and 1.50 (18H, 2 x s, 2 x Bu').

Analogously, using 1b and l¢, corresponding 7b and 7¢
were obtained. Tb: 929 yield. (Found: C, 61.35; H, 7.19%)
MS (15eV), m/fz (%): 511 (M*, 0.5), 398(16), 353(10),
187(25), 175(67), 131(15), 105(31), 57(100); 'H NMR, é:
7.40 (5H, m, Ph), 5.60 (1H, s, PACH, 4.92 (1H, d, McOCH),
4.55-3.70 (10H. m), 3.50 (3H, s, OCH,), 1.55 and 1.52 (18H,
2 x s, 2 x Bu'). Te: 907 yield (Found: C, 60.83; H, 7.22%);
MS (15eV), m/z (%), 511 (M*, 0.11), 398(14), 353(22),
187(27), 175(72), 131(13), 105(12), 57(100); 'H NMR, é:
7.47 (SH, m, Ph), 5.62 (1H, s, PhCH), 5.00 (1H, d,
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MeOCH), 4.50-3.75 (10H, m), 3.55 (3H, s, OCH,), 1.50 and
1.48 (18H, 2 x s, 2 x Bu).

Methyl 46 - 0 - benzylidene - 2,3 - 0 - bis(p - tolu-
enesulphonyloxyethyl) - a - D - mannopyranoside 9a. Ta
(5.1 g, 10 mmol) was reduced with lithium aluminium hy-
dride (1.52 g, 40 mmol) in THF (20 ml). After usual work-up
the viscous residue 8a (3.32g, 90%) was dissolved in a
mixture of chloroform (50 ml) and tricthylamine (10 mi),
cooled down to 0° and toluene-p-sulphonyl chloride was
added (3.67g, 2.2equiv). The mixture was kept at 4°
overnight. Excess of toluene-p-sulphonyl chloride was re-
moved by addition of a small amount of water (monitoring
by TLC); organic layer was washed 3 x 20 ml of water and
evaporated. Yield of 9a:5.06 g (85%), m.p. 127-128° (un-
corrected). In analogous manner were obtained 8b and 8¢
(oils, yield 87 and 85%, respectively) and consequently 9%
and 9c (viscous oils, yield 81 and 83%, respectively). 'H
NMR spectra of 9a—c , were identical with those reported
in the literature.®

N,N'-Bis(ethoxycarbonyl)diaza-crown ether 10a. Bis-
(carbamate) 6 (1.46g, Smmol) was dissolved in DMSO
(15ml) and added to the stirred suspension of sodium
hydride (0.252 g, 10.5 mmol) and potassium bromide (1,2 g,
10mmol) in DMSO (30ml). After 3h the solution of
bis(tosylate) 9a (3.39g, Smmol) in DMSO (20 ml) was
added dropwise and the mixture was stirred at ambient temp
for 3 days. The soln was diluted with water (150 ml),
extracted with ethyl ether (4 x 100 ml), evaporated and
chromatographed on silica gel(Merck 60, 230-400 mesh,
cthyl acetate). Yield of 10a: 2.03 g (65%,). (Found: C, 56.97;
H, 7.42; N, 4.54. CH O,;N, requires: C, 57.49; H, 7.39; N,
4.47%). MS (15eV), m/z (%) 621(M*,0.7), 273 (28),
216(13), 169(99), 143(29), 130(100); 'H NMR, &: 7.45 (5H,
m, Ph), 5.62 (1H, s, PhCH), 5.15 (1H, s, McOCH), 4.50-3.30
(26H, m), 3.45 (3H, s, OCH,). 1.27 (6H, t, CH,CH,0).

Analogously, using 9b and 9¢, corresponding 10b and 10¢
were obtained, 10b: 607 yield. (Found: C, 57.11; H, 7.19;
N, 4.37%). MS (I15¢eV), m/z (%) 627(M*, 0.5), 273(23),
169(75), 144(21), 130(100); 'H NMR, &: 7.40 (5H, m, Ph),
5.60 (1H, s, PhCH). 4.90 (1H, d, MeOCH), 4.40-3.30 (26H,
m), 3.50 (3H, s, OCH,), 1.30 (6H, t, CH,CH,0). 10c: 51%
yield. (Found: C, 57.21: H, 7.48; N, 4.52%). MS (15eV), m/z
(%) 627 (M*, 0.4), 273 (15), 169(58), 143(18), 130(100); 'H
NMR . 6: 7.47 (5H. m, Ph), 5.65 (H, s, PhCH), 5.02 (1H,
d, MeOCH), 4.50-3.20 (26H, m), 3.55 (3H. s, OCH;), 1.27
(6H, t, CH,CH,0).

N.N'-Dimethyl diaza-crown ether 11a. 10a (1.25g,
2mmol) in THF (10 ml) was added dropwise to a stirred
suspension of lithium aluminium hydride (0.76 g, 20 mmol)
in THF (100 ml). After 3h at ambient temperature excess
LiAlH, was removed by slow quenching with 5% aqueous
LiOH. Usual work-up afforded 11a as a colourless oil. Yield
0.927¢g (90%). (Found: C, 60.72; H, 8.11; N, 5.12.
CxHyyO4N, requires: C, 61.15; H, 8.29; N, 5.49%). MS
(15eV), m/z(%): 511 (M*, 3.7), 449(42), 366(44), 352(53),
229(100), 143(50), 132(45); 'H NMR, 5: 7.45 (5H, m, Ph),
5.68 (1H, s, PhCH), 4.80 (1H, s, MeOCH), 4.40-3.50 (18H,
m), 3.45 (3H, s, OCH)), 2.75 (8H, m, NCH,), 2.40 and 2.32
(6H, 2 x s, 2 x NCH,).

Analogously, using 10b and 10¢, corresponding 11b and
11c were obtained. 11b: 85% yield. (Found: C, 60.81; H,
8.02; N, 5.31%). MS (15eV), m/jz (%): 511 (M*, 2.8),
499(22). 366(29), 352(60), 229(100), 143(44), 132(29); 'H
NMR, §: 7.50 (5H, m, Ph), 5.62 (1H, s, PhCH), 4.90 (IH,
d, MeOCH), 4.40-3.40 (18H, m), 3.50 (3H, s, OCH,), 2.77
(8H, m, NCH,). 2.40 and 2.32 (6H, 2 x s, 2 x NCH,). 1lc:
87% yield. (Found: C, 60.89; H, 8.35; N, 5.57%). MS
(15¢V), m/z (%): 511 (M*, 1.9), 449(31), 366(36). 352(61),
229(100), 143(39), 132(33); 'H NMR, &: 7.50 (5H, m, Ph),
5.65 (1H, s, PhCH), 5.02 (1H, d. MeOCH), 4,50-3.40 (18H,
m), 3.50 (3H, s, OCH,), 2.80 (8H, m, NCH,), 2.50 and 2.35
(6H. 2 x s, 2 x NCH,).

Diaza-crown ether 12a. 92 (0.678 g, 1 mmol) and diamine
5(0.148 g, 1 mmol) were dissolved in MeCN-THF (1 :1 v/iv)
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mixture (20 ml). After addition of potassium fluoride on
alumina (type B,'* 0.37 g, 2.5 equiv. 40% KF on Al,0,), the
suspension was stirred and refluxed for 20 h, then filtered
off, washed and evaporated. The residue was dissolved in
chloroform (50 ml), washed 2 x 10 ml of water and evapo-
rated. Purification was effected by chromatography on
alumina (Merck 90, 70-230 mesh, II-III activity, 2% v/v
methanol in methylene chloride). Yield 0.145g (30%).
(Found: C, 58.95; H, 8.01; N, 5.67. C,,H;;O,H, requires: C,
59.73; H, 7.93; N, 5.80%); 'H NMR, é: 7.47 (5H, m, Ph),
5.72 (1H, s, PhCH), 4.90 (1H, s, MeOCH), 4.40-3.50 (18H,
m), 3.47 (3H, s, OCH,), 2.87 (8H, m, NCH,), 2.0 (2H, bs,
NH).

N,N’-Bistosyl diaza-crown ether 14a. Pathway 1] A. A
soln of 1a (0.564 g, 2 mmol) in DMF (20 ml) was stirred with
sodium hydride (0.35g 55% NaH, 8.02mmol) for 1 h at
ambient temp, and after cooling to —60° a solution of 2
(1.5 g, 4.06 mmol) in DMF (10 m!) was added dropwise. The
mixture was allowed to warm for 2h, stirred for an addi-
tional 1h, and then heated to 90°. At this temp tri-
cthyleneglycol bistosylate 3 (0.92g, 2mmol) in DMF
(10 ml) was added. Heating was continued until 3 disap-
peared (TLC). After cooling, water (100 ml) was added and
the mixture was extracted with 3 x 50 ml of toluene. Evap-
oration yielded a glassy residue which was chro-
matographed on silica gel (Merck 60, 230400 mesh,
hexane-ethyl acetate 1:1 v/v). Yield of 14a in form of glassy
solid, 0.47g (30%). (Found: C, 58.13; H, 6.64; N, 3.7I.
C;Hyq0,;N,S, requires: C, 57.70; H, 6.37; N, 3.54%). MS
(T0eV), m/z (%) 438(55), 155(23), 100(20), 91(100); 'H
NMR, §: 7.67-7.26 (8H, 2 x d, 2 x Ts), 7.52-7.34 (5H, m,
Ph) 5.59 (1H, s, PhCH), 4.84 (1H, s, McOCH), 4.28-3.38
(26H, m), 3.41 (3H, 5, OCH,), 2.42 (6H, s, C,H,CH,).

Analogously, using 1b and l¢, corresponding 14b and 14c¢
were obtained. 14b: 27% yield. (Found: C, 57.21; H, 6.40;
N, 3.85%). MS (70 eV), m/z (%): 438(29), 155(37), 100(16),
91(100); '"H NMR, 5: 8.00-7.20 (13H, m, Ph, Ts), 5.60 ('H,
s, PhCH), 4.92 (1H, d, MeOCH), 4.90-3.10 (29H, m), 2.42
(6H, s, CH,CH;). 14c: 24%, yield. (Found: C, 5§7.32; H, 6.52;
N, 3.42%). MS (70 eV), m/z (%): 438(0.3), 198(35), 155(38),
91(100); 'H NMR, 6: 8.00-7.20 (13H, m, Ph, Ts), 5.60 (1H,
s, PhCH), 5.00 (1H, d, MeOCH), 4.50-3.10 (29H, m), 2.45
(6H, s, CJ"4C_Hs)~

Pathway 11B. The difference in comparison with 1IA is
that in IIB tosylaziridine 2 (2 equiv) was added to the
dianion generated from sugar of type 1 at ambient temp and
the mixture was stirred for 2 days, work-up was followed in
usual manner. Yields of 14a, 14b and 14¢ were 39, 31 and
229, respectively.

Deprotection of 14a. N.N'-Bistosyl diazacrown 14a
(0.41 g, 0.53 mmol) was refluxed in THF (25 ml) with lith-
ium aluminium hydride (0.2 g, 10 equiv) under argon for 2
days. After cooling, the mixture was diluted with THF
(150 ml) and quenched with 5% aqueous LiOH. Filtration
and evaporation provided the residue which was purified on
alumina (Merck 60, 70-230 mesh, II-1I1 activity, 2% v/v
methanol in methylenc chloride). Yield of oily product
0.216 g (85%). The product was identical with 12a obtained
from 9a.
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