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Abstract: A novel family of crown ethers, containing adamantane units in the
cyclic framework, has been designed and synthesized by a straightforward
one-step procedure. The design strategy permits the incorporation of a variety of
o—amino acids to provide adamantane-constrained chiral crown ethers for use as
simple models in studying ion-transport and host-guest complexation. X-ray
crystallographic studies on four members of this family have revealed interesting

conformational features. Ion complexation studies of several members with alkali
metal and ammonium ions are reported. © 1999 Elsevier Science Ltd. Al rights reserved.

Since the discovery of crown ethers by Pedersen' in 1967, there has been a virtual explosion in
the number of papers that have appeared in the literature>® on the preparation of crown ethers
incorporating aromatic, hetero-aromatic, non-aromatic, carbohydrate or steroid subunits in their

cyclic framework. Pendant attachments (lariat crowns) have been made in order to increase their
d

ntial for forming three-dimensional complexes an
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inclusion phenomena.
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We report here the design, synthesis, and crystal structures of the first examples of a novel

amily nf adamantana_nrntaining
idinhiy 01 aGailalwahiC=COofwalniig ©

permits the incorporation of a variety of amino acids into the adamantano-crown backbone
providing useful models for studying selective host-guest chemistry. An additional attractive
feature in the design is the presence of built-in handles (as protected NH, and COOH groups)

als
12

t can be ligated via peptide chemisiry to a variety of ligand subunits providing atiractive
models for ion-complexation studies.

The single-step synthesis of simple adamantano-crowns envisaged here (Scheme 1)
involves the condensation of 1,3-adamantanedicarbonyl dichloride (2) with the appropriate

ethylene giycol (1) (Scheme 1).

Scheme 1
Interestingly, while simple ethylene glycol (1, n = 0) leads to an 18-membered [2+2]
macrocycle (3) as the sole isolable product and diethylene glycol (1, n = 1) gives rise to a
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afforded exclusively the [1+1] macrocycles. For example, 15-member

-
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and 24-membered (8) mono-adamantano-crowns are the only products of the cyclization reaction
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(Figure 1). Macrocycles 3, 4 and 5 represent examples of pol

and 36-crown-9 ligands, respectively, while 6, 7 and 8 are simple examples of mononuclear

L3-b!]dg§d_ adamantanodiester nrg\gun-d, crown-5 and crown-7 hgapdg m 15, 18 and

24-membered rings, respectively (Figure 1)
In the 'H NMR spectra, the polynuclear crowns 3, 4 and § exhibited consistently two
resonances at 8 3.50 - 3.65 and 5 4.15 - 4.20, each integrating for equal numbers of ethylenoxy

S S UL I RN DRp— | L

Symmeuy in wmese molecules. The

mononuclear adamantano-crowns 6, 7 and 8 on the other hand showed an unequal distribution of

ethylenoxy protons with CH, resonances (4 protons) proximal to ester bonds appearing

consistently at lower field (~ 4.20 3). The adamantane-proton resonances appeared as a multiplet

at ~ & 1.45-2.20 in all the macrocycles.
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isolated in the coupling reaction. In the second step, the mono or bis-acylated product was N or
O-deprotected (Pd/ C/ H,) and directly treated with 2 and DMAP under high dilution conditions
to give the crown depsipeptides (25-50 % yield) listed in Figure 2.

As observed in the monoadamantano-crowns, the ethylenoxy protons in amino
acid-containing crowns appear as two sets of resonances with ester-linked protons (four in
number) appearing at relatively lower field. No other significant features were noticed in the 'H
NMR (ROESY) spectra of the adamantano-crowns.

Suitable crystals for X-ray studies could be obtained for bisadamantano-crowns 3 and

£

owns 6 and 7. Th

are oriented in an anti (one inside and the other outside the cavity) fashion. The cavity sizes in 3
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and 4 are 523 x 5.89 A (C,-C
(Figure 3a-b).

The monoadamantano-crown 6 has an app

2% 222 LE3 LR LR AN

7 with an additional -CH,CH,0O- moiety displays no internal symmetry. In both 6 and 7 (Figures
4a and 4b) the admantane-1,3-carbonyl groups are directed outward from the cavity (in 6 the
cavity size is 4.75 x 4.88 A ; 0,,-0,,, 0,,-0,,) and in 7 it is 6.13 x 5.41 A (0,,-0,,, 0,5-0,,). In

hoth A ned 7 tha additicnal OLT OLT O comiime oo mmimacad £ el
o0l & ana 7 i€ additionai -, rn,uU- groups, as comparca 0 5 ana ©
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exocyclic to the crown rings.

The alkali-metal ion complexation capability of non-peptidic adamantano-crowns (3-7)
was tested both by FAB MS and picrate extraction methods. In FAB MS, metal ion doping
experiments with 3-7 indicated a strong tendency for the uptake of alkali metal ions. The order in
intensity for 8+M"*, 7+M", 4+M”, 3+M" and 6+M" appeared in the order of Li > Rb > Cs > K >

Na;Rb>Li>Cs>K>Na;Rb>Li>Cs>K>Na;Rb>Li>Cs>K>NaandRb>Li>K >

o, Ix 1 € - < AN

crowns for uptake of alkali metal ion (M") ion was found to be 8 > 7 > 4 > 3 > 6 and signal

Cs > Na, respectively . The preference in the uptake of alkali metal ions by crowns 3-8 in the
FAB MS indicate hole size as the main controllin
with the crystal structure data. Interestingly, NH," ion doping experiments in the FAB MS
showed maximum uptake by the macrocycle 8. This result was also supported by the observed
shift (~ 0.1 ppm) of the guest n-butyl protons in ' H NMR experiments with 8 and n-butyl
ammonium picrate in CD,0D + CDCI, (1:9) solve

The alkali metal picrate extraction’ profile for crowns 4, 6 and 7 was examined by
comparing absorption intensities of a blank (chloroform extraction of an aqueous solution of the
alkalt metal picrate alone) and the sample consisting of a chloroform solution of the crown host
and alkali metal picrate. The extraction data showed the metal ion uptake in the order Cs™ > K" >
NH," > Na' > Li' for4,K' > Li' > Cs' > NH,' > Na' for 6 and Cs" > K" > NH," > Na™ > Li" for
7. Thus, in the picrate extraction method, while the percentage extraction of alkali metal ion

varies in 4-7. maximu a‘up‘jty (~ 23 9/9) for K* ion® was shown by all the three crowns

7y 2ialsiamaiivenii L S A vV RS Saxlo VVas K22 A s WALV IS,

In summary the present work provides a straightforward entry into a novel class of
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Figure 3

on : e
cn , €22 <o
(7

2o

/ c20)
S
G

cla 0I5 018 c19

5
d cuemﬂ

S b
()

(b)

) - s
s A < g

&
( 012 00a
4 £
i3 co3

Yo L,
G PNPIR o

R Wk
s

(b)



D. Ranganathan et al. / Tetrahedron 55 (1999) 66436656 6651

(3-8) have been demonstrated to complex a large variety of

synthetic strategy with proper choice of ring-inserts is likely to provide these crown ethers with

promise to act as selective hosts in molecular recognition and transport phenomena

All amino acids used were of L-configuration. Melting points were recorded on a
Fisher-Johns melting point apparatus and are uncorrected. Infrared spectra were recorded on a

r QY TR aonactramator agc naat I
1 VO4L 1N OpvviiI VILIVILE ad 1lival L

aicohol as the matrix. Reactions were monitored wherever possible by TLC. Silica gel G
(Merck) was used for TLC and column chromatography was done on silica gel (100-200 mesh)
columns, which were generally made from a shurry in hexane or a mixture of hexane and ethyl
acetate. Products were cluted with either a mixture of ethyl acetate / hexane or chloroform /

methanol. The polyethylene glycols were purchased from Aldrich Co. and directly used for the

Alkali metal picrates were freshly prepared® and dried before use. In a typical extraction
ocedure, a solution of metal picrate (2.72 mM, 0.25 mL in H, 0O) was admix xed with a FHFI

= e & A 1 axxwniia plaNa QLW 22V w2 A8

solution of the host (13.6 mM) and the two-phase system vortexed for ~ 5 min. The layers were
separated by centrifugation and the extent of metal ion extraction by the host was determined by
comparing the absorption intensities of the blank (aqueous layer of a chloroform solution of the
metal picrate alone) and the experimental sample (aqueous layer) containing the metal picrate
with the host. The absorption intensities of the alkali metal picrate solution were measured at 356

a navn ntnaga nf ratinn
v P uasv Uil vauuvii



6652 D. Ranganathan et al. / Tetrahedron 55 (1999) 6643-6656
General Procedure for the Preparation of Adamantano-Crowns 3-8 Listed in Figure 1
A solution of 1,3-adamantanedicarbonyl dichloride' (2, 1 mmol) in dry CH,Cl, (50 mL)
was added dropwise over a period of 0.5 h to a well-stirred and ice-cooled solution of
poiyethylene glycol (1, 1 mmol) in dry CH,CN (200 mL) containing N,N'-dimethyl -4-
aminopyridine (DMAP, 2 mmol) and the mixture stirred at room temperature for 12 h. Solvents

were evaporated in vacuo, the residue was triturated with benzene (100 mL) and the benzene
extract was evaporated in vacuo. The residue was chromatographed on a small column of silica

gel using a mixture of benzene and hexane as eluent to afford the adamantano-crowns.

3 Vield 20 % colourless needles: mn I54.9880% TR (KR 2047 2004 I9K& 1770 145

« 110U v /6, COIOUNIUSS NICCGICS, I L8~ I ', LN \NDI) 25417, 47ua, L0609, 1747, 1439,
1412, 1371, 1285, 1256, 1222, 1103, 1070 cm H NMR (300 MHz, CDCl,) 8 1.60-2.25 (m,
AOTNN A7 fc OIN. TTAD RAQ fn [/ =2\ {0/ EN1 AL\ AAIIV, TTRAAC . AATITH L. 1 £N1 VAN
£Z0I1), 4.4/ {5, oI1), FAD VIO (Il / Z) (7o) JVU1 (/O) (ivlll) , VIO . IVl |, TOUNd OVl .L5/7.

C,4H,O, requires 501.2488.

- ~ o~

200 MHz, CDCl,) & 1.45-2.22 (m,

jan
Z
=
E:

4 :Yield 15%; colourless needles; mp. 174-175°C; !
28H), 3.65 (t, J = 5.0 Hz, 8H), 4.20 (t, J = 5.0 Hz, 8H); FAB MS (m /z) (%) 589 (100) (MH)";

HRMS : MH+, found 589.3042. C,,H,,0O,, requires 589.3012.
3

IR &

5 :Yield 24%,; syrup; IR (nea

MHz, CDCl;) & 1.55-2.20 (m, 42H), 3.63 (m

(MH)"; HRMS : MH+, found 883.4496. C, H_O.. re

\AVAL LS o AAANAVELS . AVRLRT PRV VLY

6 :Yield 40%; colurless needles; mp. 102-104°C; IR (KBr) 2953, 2916, 2875, 1733, 1461,

el T ITATRAD /NN RATIT . AWM S 1 EA D AN £ 1AL
, Il INIVIIN \LUU vine, \./U\_nl3) O 1.09~4.4U (111, 14I1),

3.51 (m, 8H), 423 (t, J = 5.0 Hz, 4H); FAB MS (m / z) (%) 339 (96) (MH)"; HRMS : MH+,
found 339.1800. C,,;H,,O, requires 339.1807.

7 :Yield 18%; colourless needles; mp. 73-75°C; IR (KBr) 2949, 2861, 1729, 1617, 1457, 1354,
1281, 1251, 1205, 1104 cm™; ' H NMR (200 MHz, CDCl,) & 1.60-2.22 (m, 14H), 3.65 (m,
12H), 4.20 (t, J = 5.0 Hz, 4H); FAB MS (m / z) (%) 383 (100) (MH)"; HRMS : MH’, found

Lo qurun: | NN (200
U, DY 11U s 41 1NivViiIN \.JUU

(m, 4H); FAB MS (m / z) (%) 471 (100) (MH)"; HRMS : MH"; found 471.2608. C,H,,0,
requires 471.2594
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Synthesis of amino acid-containing adamantano-crowns 11, 12
Figure 2
General Procedure

(a) Preparation of precursor 1, ®-mono and bis a-amino acylated polyethylene glycols

listed in Scheme 2:
To a well-stirred and ice-cooled mixture of N*Z or N* Boc-amino acid (2 mmol), DCC (2
mmol), and N-hydroxy succinimide (HOSu, 2 mmol) in dry CH,Cl, (20 mL) was added, a

solution of polyethylene glycol (1, 1 mmol) in CH,Cl, (20 mL) containing DMAP (2 mmol).

Aﬁav IA h AfF ctissinnag at ranms tomnarabaera tho sacadiam sriediies siae fSloead Tl waoidoo oo
LI 2% 11 U1 Uil al 10Ul WCHipeldiuic, uc 1 LioIn uuu wad HHCICU., 1HO I05IUUC wad

washed with CH,Cl, (3 x 10 mL) and the combined filtrates were washed sequentially with 20

™. asra
1nc

he organic layer was dried
over anhydrous MgSO,, evaporated in vacuo and the residue was chromatographed on a column
of silica gel using either a mixture of EtOAc / hexane or CHCI, / MeOH as eluents to afford the
partial and fully a-amino acylated glycols.

9 :Yield 20%; syrup; IR (KBr) 3393 (br), 2974, 2889, 1734 (br), 1634, 1576, 1534, 1501, 1459
cm” ;' HNMR (300 MHz, CDCL,) § 0.90 (d, ] = 6.7 Hz, 3H), 1.00 (d
1H), 3.64 (m, 10H), 4.32 (m, 3H), 5.11 (s, 2H), 5.58 (d,

=90,
(m/ 7\ {o/n\ R4 (SR (NN HRMS - 7\/“’—14L annd 38_420 3 C H ‘TO rnnnire

\Aak AUy SO RS Uy AVALL) 4 LAV 1viia 4 avuan

10 :Yield 65%; syrup; IR (KBr) 3383 (br), 2972, 2887, 1735 (br), 1528, 1472, 1456, 1398,
1345, 1314 cm™ ; ' H NMR (300 MHz, CDCl,) 6 0.89 (d, J = 6.7 Hz, 6H), 0.97 (d, ] = 6.6 Hz,
6H), 2.18 (m, 2H), 3.64 (m, 8H), 4.31 (m, 6H), 5.11 (s, 4H), 5.35 (d, J = 8.1 Hz, 2H), 7.35 (s,
10H); FAB MS (m / z) (%) 617 (52) (MH)"; HRMS : MH", found 617.3080. C,,H

requires 617.3074.

o
v’
1
>
»
N
]
-
)
\
v’
d

®RY My
MNZUIO

13 :Yield 55%; syrup; [a],2® +21.72 (c 4.14, CHCL,); IR (KBr) 3401, 3042, 2911, 2884, 1734,
1652, 1627, 1522, 1507, 1449, 1402, 1345, 1262 cm™ ;' H NMR (300 MHz, CDCL,) 5 3.12 (m,
4H), 3.61 (m, 20H), 4.26 (m, 4H), 4.67 (m, 2H), 5.09 (s, 4H), 5.35 (d, J = 7.8 Hz, 2H), 7.12 (m,

AH). 724 (m. 6H). 733 (s lﬂ]—ﬁ FAR MS (m/2) 0/\ Q77 f1ﬂn\ (1\‘+CS+) HRMS - RﬂH— found

THRLJ, 7 LT \ARE, URRS, P LA AVALD \MV Ly \ fuy T L1 VWV ) Ay A RANIVALF . AVAR A

845.3871. C,H,N,O,, requires 845.3860.
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15 :Yield 18%; syrup; IR (KBr) 3429 (br), 2940, 2896, 1723 (br), 1647, 1633, 1577, 1522,

8 (m, 1
4

o

>

3.
1}

W O

4.30 (m, 2H), 4.49 1)
C,H;,NO, requires 472.2546.
16 :Yield 60%; syrup; IR (KBr) 3440 (br), 2985, 2940, 2879, 1757, 1722, 1633, 1579, 1503,
1458, 1370, 1350, 1291, 1252, 1169, 1115 cm™ ; ' H NMR (300 MHz, CDCL,) & 1.44 (s, 18H),

3.57-3.87 (m, 16H), 4.28 (brs, 4H

\J\Uﬂ TYAA )’

2

$72.256

1500, 1458 cm™ ; ' H NMR (3 H),
(m, 2H), 5 MS : MH', fo

~

543 (brd M 772 (hre 10HNY- FAD \[S (m /

y &R1), /.40 {ULD, 1U11}, L' Iyr 1Vl

z) (%) 755 (20) (M+Li"), 649 (31) (M-Boc+H)", 549 (14) (M-2 x Boc+H)
(b) Condensation of N or O-deprotected mono or bis-glycol esters with

Py Tt 1. 71 ______ MTT re&n .

amantanedicarbonyl dichloride (1 mmol) in dry CH,Cl, (50 mL) was
added dropwise to a well-stirred and ice-cooled solution of 1 mmol of N or O-deprotected (Pd/C,
5%, H,) precursors (9, 10, 13, 15 or 16 listed in scheme 2) in dry ethyl acetate (~100 mL)
containing DMAP (2 mmol) in the case of O-deprotected and triethylamine (2 mmol) in
N-deprotected compounds. The reaction mixture was stirred at room temperature for 12 h and
solvents evaporated in vacuo. The residue was redissolved in chloroform (~100 mL) and
chioroform solution washed, sequentiaily, with ice-cold 1 N H,SO,, H,O and 5% aqueous
NaHCO, (20 mL each), dried (anhydrous MgSO,), evaporated in vacuo and the residue
chromatographed on a small column of silica gel using CHCI, / MeOH or hexane / ethyl acetate

<
o
P
o
X
‘g
]
E
[N
(P8
O
~3
—~
=
=
-
N
\O
S
=
[\
N=}
[

7, 2865, 1733, 1670, 1657, 1524, 1501,

YOI (1 S 24K7
L. L0

-1 {m
1462 cm H NMR {200 MHz, C i, 1.111.), 3.0/ \ii, gH),

12 :Yield 49%; syrup; IR (KBr) 3420 (br), 2971, 2937, 2869, 1744, 1671, 1647, 1563, 1532
'; 1 H NMR (200 MHz, CDCL,) § 0.92 (m, 12H), 1.64-2.31 (m, 16H), 3.65 (m, 8H), 4.11-
447 (m, 4H), 4.61 (m, 2H), 6.31 (d, ] = 8.0 Hz, 2H); FAB MS (m /z) (%) 537 (100) (MH)’;

HRMS : MH’, found 537.3203. C,,H,,N,O, requires 537.3175.
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14 :Yield 45%; semisolid; [a],? +7.81 (¢ 0.95, CHCL); IR (KBr) 3444 (br), 2916, 2865, 1737,
1662, 1651, 1534 (br), 1478, 1458 cm ; ' H NMR (300 MHz, CDCL,) & 1.57-2.20 (m, 14H),
3.11 (m, ZH}JJ?(% 2H), 3.62 (m, 20H), 4.20 (m, 2H), 4.34 (m, 2H), 4.87 (m, 2H), 6.33 (d, ]

17 :Yield 26 %; syrup; IR (KBr) 3446 (br), 2939, 2868, 1734, 1542, 1513, 1458, 1372, 1279,
1252, 1213, 1170, 1097 cm™ ; ' H NMR (300 MHz, CDCL,) § 1.44 (s, 9H), 1.54-2.22 (m, 14H),
3.66 (m, 12H), 427 (m, 4H), 4.40 (m, 1H), 4.55 (m, 2H), 5.73 (brd, 1H); FAB MS (m / z) (%)

ARALINT N 1NN\ M ~nt TTY
ivirn) , v ivuv) \lVl'DUb nj.

'
{
18 :Yield 25%; thick syrup; IR (KBr) 3356 (br), 2932, 2863, 1733, 1718, 1641, 1576, 1555,

BRI S % a

m~ ; H NMR (300 MHz

C
3.64 (m, 12H), 4.59 (m, 8H), 4.61 (m, 2H), 5.45 (br, 2

N

n\.rrv 1 07T P e W V4

, CDCl,) 6 1.46 (s, 18H), 1.67-2.06 (m, 14H),
H); F

AB MS(m/z)(%):779(100) (M+Na")

X-ray diffraction analysis. The crystallographic parameters for the crystals are :
(3) C,;H,0,, sp. gr. P2,/n with a = 9.420(1) A, b =6.449(1) A, ¢ = 20.567(2) A, B = 93.08(1)",
V =124767(18) A, Z =2, d_, = 1.332 g/em’. Colorless laths with dimensions 1.0x0.27x0.07

mm., Curad. (A = 1.54178 A), R = 5.35 %. (4) C,,H,,0,,, sp. gr. P2,//n, a = 11.231(1) A,
£ Q07/IN A A — 102471 A N — Q0 £c/1N\0 w7 —_ 147 x3 1 27 a/nemnd
U.00/{1) A, C = 17340(1) A, p = 70001}, V = 14/ c DLl g/lim.

speed of 10 deg./sec., 1° scan width with 20max = 115° when CuKa radiation (A = 1.54178 A).
Three check reflections were monitored after every 97 measurements. The structure
determinations were straightforward within direct methods as programmed in SHELXTL,

Version 4.2 (Siemens Analytical X-Ray Instr, Co., Madison, WI, U.S.A). Full-matrix anisotropic
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least squares were performed with the hydrogen atoms placed in ideal positions and allowed to
ride with the C or N atoms to which each was bonded. Lists of structure factors are deposited at
the Cambridge Crystallographic Data Centre.
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