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Syntheses of phosphorus containing hydrolytically stable multisite receptors
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Abstract: Facile condensation reactions between 4'-formylbenzo-15-crown-5 and tris and
hexa-hydrazino substituted phosphorus compounds lead quantitatively to three new
polymacrocyclic compounds 3a,b and 5. © 1998 Published by Elsevier Science Ltd. All rights reserved.
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study of the properties of macrocyclic polyethers.
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to achieve a better selectivity’. The observation that many crown ethers form sandwich-compiexes with two
crown moieties per cation exceeding slightly the size of the cavity, induced the synthesis of bis(crown ether) or
multisite receptors containing more than two macrocyclic cavities’. These compounds are of very high interest

since they may allow new insights into ion channel transfer, ion conduction®, and be useful as new catalysts.

. . 3
yration of two new polymacrocyclic systems ,

X=PO; with (X =0, S) or N—-P(Oz)N core, by the reaction

1ival

reaction between the amino groups of the crown ether and the aldehyde groups of the phosphorus core.
Unfortunately, these compounds hydrolyzed rapidly, which excludes alkali-metal extraction from an aqueous
phase.

This observation led us to prepare new compounds based on the same design but stable against
hydrolysis by treatment of 4'-formylbenzo-15-crown-5 1 (3 or 6 equiv. respectively) with phosphotrihydrazide
2a,b (1 equiv.) or the hexahydrazide® 4 (1 equiv.) in tetrahydrofuran (Scheme 1). After stirring for 48 h at room
temperature, compounds 3a,b and 5 are obtained in good yield (~80%) after washing in a mixture of

dlethyloxyde~chloroform (3:1). Reactions are monitored by *'P NMR. The condensation reaction is evidenced by
£3P NMR signal i
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corroborated by mass spectrometry (3a m/z 1033 [M+1]; 3b m/z 1017 [M+1]; § m/z 2076 M+11).
Because of the very strong hydrazone bond, these polymacrocycles are stable against hydrolysis. In order
to investigate the ability of these compounds to form specific stable complexes, preliminary studies of their
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(K") were added. Complexation was evidenced mainly by 'H, *C and '°F NMR.
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Scheme 1

the observation of averaged resonance signals. After addition of about six equivalents, no further change of the
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chemical shifts 1s observed which is explained oy ithe saturation of the binamg capability of the hgan
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number of equivalents of Na™ in acetonitrile solution.

and "H NMR spectra are obtained as long as the ratio of Mg®* to ligand is smaller than 6:1. Moreover, in the '°F
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NMR spectrum, distinct resonances for two chemically different triflate moieties are detected of which one
A + atal vinhasindad +miflata nminn Thaoa Ahoamratinmg mane: ha seaalalod Lo e D
COITesponas 10 8 meta: UnoounaGea tiiiiate anioi. 1nese ouservations may oe ied by a strong complexation

of the highly charged magnesium ions by the ligand. Obviously, each magnesium ion binds tightly to one crown
ether moiety of the ligand and compietes its coordination sphere by additional binding to one CF:SO;™ group
while the other one remains uncomplexed. Since many different isomers are possible which seemingly do not
undergo rapid interconversions on the NMR time scale as long as the ratio Mg**/ligand is smaller than 6:1, very
complex spectra are observed.

On the other hand, addition of a bigger cation (K") to hexamacrocycle 8 and 4'-formylbenzo-15-crown-5
1 shows that saturation is obtained after 3 equivalents added, pointing out that these two compounds are inclined
to form sandwich complexes (2:1) instead of 1:1 complexes. The RMNSTAB® program which can provide us
with a plot of percentages of the different complexes formed against the number of equivalents added for the two

hosts (Figure 2) let us know that in both cases, after 3 equivalents of K added. 2:1 complexes are formed.
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By further addition of the cation, 2:1 complex changes into 1:1 complex for the 4'-formylbenzo-15-
crown-5 1 when 2:1 complex remains for the hexamacrocycle 5. This first study shows the cooperative effect of
the crown ethers of compound 5 due to their proximity which afford a better stability of the sandwich complex.
More detailed studies of the complexation selectivity of this host S as well as compounds 3a,b are undergoing.
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Selected spectral data for 3a,b and 5.
Assignments made as follows:
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3a: White powder; yield: 77%; mp: 68°C; *'P{'H} NMR (CDCl;): § 75.0; 'H NMR (CDCL): § 3.3 (d, “Jp = 9
Hz, 9H, P-N-Me), 3.5-4.2 (m, 48H, CH,), 6.7 (d, *Juu = 8 Hz, 3H, C¢Hs), 6.9 (dd, *Jis = 8 Hz, *Jny = 1.5 Hz,
3H, C¢Hs), 7.1 (d, *Juu = 1.5 Hz, 3H, CsH3), 7.5 (s, 3H, CH=N); *C{*H} NMR [CDCl;, 75.46 MHz; the carbon
nuclei could be partially assigned on basis of a heteronuclear multibond correlation (HMBC) experiment’]: &
32.24 (d, IJCP =9.6 Hz, CH:], 68.13 (s, CH,), 68.93 (s, CH,), 69.17 (s, CH,), 69.39 (s, CH;), 70.28 (s, CHy),

1130 VO 12 15, LAIL2L, VO. 70 RS, WINL UZ. 184y, LII2)s VI 3T 1y, WL « 122

7034 (¢ CH,Y 7084 (¢ CH.Y 71085 (¢ CH,) 10047 (g (‘n {“J—L\ 11318 (e Cd C.H) I’HMI Ce
PV Oy NraZyy SV W 0y Ncaklg, FAve 8y walZg, 2V I (G, s, VWV O T, Wy,
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CsHi), 129.62 (s, Cb, CsHs), 135.90 (d, *Jcp 14.4 Hz, CaH=N), 149.33 (s, Cf, CsH;), 149.64 (s, Ce, C ) IR
(KBr): 1599 (vc-x), mass spectra: m/z 1033{M + 1]"; Anal. Caicd for CsHeoNeOsPS: C, 55.80; H, 6.75; N,

8.13. Found C, 55.42; H, 6.72, N, 8.01 %. 3b: White powder; yield: 75%; mp: 75°C, S'pfiH} NMR (CDCl): 6
16.5; "H NMR (CDCL): 8 3.2 (d, *Juwp = 7.2 Hz, 9H, P-N-Me), 3.5-4.0 (m, 48H, CH,), 6.6 (d, *Jix = 8.1 Hz,
3H, CéHa), 6.9 (d, *Jum = 8.1 Hz, 3H, CeHs), 7.1 (s, 3H, CeH3), 7.5 (s, 3H, CH=N); *C{'H} NMR (CDClL): &
31.90 (d, ZJcp = 7.8 Hz, CH;], 68.15 (s, CH), 69.01 (s, CHy), 69.20 (s, CHy), 69.44 (s, CHy), 70.33 (s, CHy),

70.40 (s, CHy), 70.90 (s, CHy), 71.13 (s, CHy), 109.40 (s, Cg, CsH;), 113.21 (s, Cd, C¢H3), 120.97 (s, Cc,
CsHs), 129.49 (s, Cb, CsHs), 136.05 (d, *Jep 15.5 Hz, CaH=N), 149.40 (s, Cf, CsH3), 149.73 (s, Ce, CsHs); IR
(KBr): 1602 (ve-x), 1271 {Vvp-0); mass spectra: m/z 1017[M + 1]"; Anal. Caicd for CisHesNeO16P: C, 56.68; H,
6.84; N, 8.26. Found C, 56.33; H, 6.82, N, 8.13 %. 5: White powder; yield: 82%; mp: 128°C; *P{’H} NMR
(CD;CN): & 17.8; '"H NMR (CDCly): 8 3.3 (brs, 18H, P-N-Me), 3.6-4.0 (m, 96H, CHy), 6.8 (d, *Jux = 8.3 Hz,
6H, C¢Hs), 7.1 (dd, *uw = 8.3 Hz, “Juu = 1.6 Hz, 6H, CsHa), 7.2 (d, T = 1.6 Hz, 6H, C¢Hs), 7.6 (s, 6H,
CH=N); BC{'H} NMR [CD;CN, 125.76 MHz]: & 32.28 [m, (br) AXX’; system, “Jcp + *Jcp = 8.4Hz, CH;],

68 72 (s, CH;), 68.89 (s, CHy), 69.34 (s, CHy), 69.37 (s, CHy), 7028 (5, C ”J\ 70.30 (s, CHy), 70.96 (s, CHy),

70.98 (s, CHy), 110.35 (s, Cg, CeHs), 113.54 (s, Cd, CeHs), 120.83 (s, Cc, CsHs), 130.13 (s, Cb, CeHs), 137.03

[m, (br) AXX’, system, Jep + “Jcp = 16.0Hz, CaH=N], 149.41 (s, Cf, C¢Hs), 149.76 (5, Ce, Cqils); IR (KBr):

1614 (vc-v), mass spectra: m/z 2076 [M+1]"; Anal. Caled for CosH13sN1sO30P3: C, 55.56; H, 6.70; N, 10.13.

Found C, 54.95; H, 6.72, N, 9.95%.
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