Tetrahedron Letters,Vol.29,No.13,pp 1569-1572,1988 0040-4039/88 $3.00 + .00
Printed in Great Britain Pergamon Press plc

DIAZADIBENZO-30-CROWN-10 DERIVATIVES AS RECEPTORS FOR DIQUAT
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In acetone-dg solution, THnm.r. spectroscopy reveals that receptors 4-9, prepared from
the readily-synthesised diazadibenzo-30-crown-10derivative 1, form strong 1:1 molecuiar

inclusion complexes with Diquat, which, although present mainly as the dication, is
accompanied by trace amounts of the radical cation.

Our observation? that dibenzo-30-crown-10 (DB30C10) forms a strong 1:1 complex in organic solvents with
[Diquat}[PFglo led? to the synthesis of bicyclic DB30C10 derivatives which exhibited only slightly better receptor
properties than DB30C10 itself. Another means4 by which the complexation of substrates containing hydrogen bond
donors might be enhanced would be to replace some O atoms in the polyether chains by NR groups. Here, we report on
(i) the stepwise synthesis of the diazadibenzo-30-crown-10 derivative 1, (i) the characterisation® of the N,N-disubstituted
derivatives 2-7 and the cryptands 8 and 9, and (iii) some spectroscopic investigations on the structures and strengths of
their 1:1 complexes formed with [Diquat]2+ in solution. In addition to providing the basis for a comparison between O-
and NR-containing receptors, the presence of N atoms in 1 allows side arms, incorporating additional binding sites®, to
be introduced. This synthetic modification could be used to locate two anicnic binding sites in a receptor that might
exhibit aqueous solubility? whilst still complexing with [Diquat]2+.

Alkylation of p-toluenesulphonamide (Ko,COg3, DMF, 100°C, 48 h)
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crystallography]; detosylation (LiAlHg4, THF, reflux, 12 days) gave 1 (66%, m.p. 85-87°C (CHCIy-light petroleum)].
Reaction (EtgN, CHCI3-Eto0, 1, 24 h) of 1 with ethyl chloroformate afforded (neutral Al,03/5% EtOAc-CHCl3) 3 (65%,
oil) which was reduced (LiAlH4, THF, reflux, 60h) to yield 4 [76%, m.p. 74-75°C (MexCO-"CgH12)]. Alkylation (NayCOg,
MeCN, rt, 4 days) of 1 with ethyl bromoacetate gave (neutral Al,0O4/10% EtOAc-CHCI3) 5 (60%, m.p. 40-42°C).
Alkylation (NapCOg3, MeCN, reflux, 48 h) of 1 with: (a) benzyl bromide gave [SiOo/CHCI4-EtOAc (1:1, v/v) 6 (64%, oil);
(b) p-methoxybenzyl chioride afforded (SiOo/EtOAC) 7 (71%, oil); (¢) o0~ dibromo-p-xylene gave (neutral Al,02/10%
EtOAc- CHCI3) 8 [12%, m.p. 84-86°C (MexCO-"CgHy5)]; (d) 1,14-bis[4-bromoethyl)phenoxy]-3,6,9,12-tetraoxadecane®
gave (neutral Al;O3/EtOAC) 9 (5%, oil).

The diazadibenzo-30-crown-10 derivatives 1-9 were evaluated as complexing agents for both [Diquat]2+ and
[Paraquat}2* by comparing 1H n.m.r. spectra recorded in CD3COCD4 solutions for (a) the free receptors, (b) the free
substrates, as their bishexafluorophosphates, and (¢) 1:1 molar ratios of receptor:substrate mixtures. The results of
these experiments were supported by following colour changes in solution arising from n-r charge transfer interactions
between the n-electron rich receptors and n-electron deficient substrates, and also by attempting to isolate coloured

crystalline complexes10. In addition to these charge transfer interactions, the intermolecular forces implicated in this type
of complexation involve hydrogen bonding, Coulombic attractions, and dispersion forces. Possibly as a consequence of

the combined electronic and steric characteristics associated with the amide N atoms in 2 and 3, all of the potential non-
covalent bonding interactions appear to be impaired to the extent that these receptors do not complex with either

[Diquat]2+ or [Paraquat]2+. On the other hand, in the presence of equimolar amounts of [Diquat][PFg]o, the receptors 4-
9 gave rise1 to orange solutions, undoubtedly indicating charge transfer complex formation; this observation is reflected
in the significant TH n.m.r. chemical shiits (Table 1) exhibited by the resonances’2 in [Diquat.4-9][PFg]> compared with
those observed for [Diquat][PFglo. In common with [Diquat.DB30C10][PFg]», the signals for both H-3/3' and H-4/4' in
[Diquat.4-9][PFgl, experience substantial upfield shifts suggesting that both the bipyridinium ring protons lie within the
paratropic regions of the catechol rings. However, the signals for H-5,5' and H-6,6' behave quite differently in the
complexes of the polyether (DB30C 10) and diazapolyether (4-9) receptors; a consideration of the structural features
present within these complexes suggests the following possible explanations: (a) the N-substituents in 4-9 might be
influential; (b) the different hydrogen bonding characteristics could be responsible; (c) the stacking geometries of the
aromatic rings could be dissimilar. Interestingly, the (NCHy), signal is shifted upfield by 0.23 ppm in [Diquat.8][PFg]o,
indicating the location of this portion of the substrate within the shielding zone of the bridging xyly! unit of 8. Receptor 10
was designed so that the chain Z might encircle the bound [Diquat]2+ substrate: alas, the TH n.m.r. chemical shift data
(Table 1) do not support the realisation of this stereochemical expectation.

In contrast with results obtained previously2 for [Diquat.DB30C1 0J[PFg]o, the 1H n.m.r. spectra of the 1:1 complexes
formed between [Diquat][PFg], and the diazadibenzo-30-crown-10 derivatives 4 and 6-9 exhibit!3 an interesting
phenomenon: freshly prepared CD3COCD4 solutions of these complexes give rise to 1H n.m.r. spectra in which the
resonances for all the protons in [Diquat]2+ are significantly broadened whilst all the signals for the protons in the
receptors are well resolved. After standing for 2-4 h, the CD3COCD3 solutions employed to record the spectra of
[Diquat.4][PFglo and [Diquat.8)[PFg]o exhibit sharp resonances for the substrate protons. However, even after standing
for 16 h, the CD3COCD3 solutions of [Diquat.6){PFg)o, [Diquat.7][PFgl,, and [Diquat.9])[PFg], afforded spectra where
resonances for the substrate protons other than H-6/6' were still quite broad14. Most likely, the phenomenon arises!5
from the complexation of very small amounts (<0.01%)16 of the paramagnetic radical cation — [Diquat]*- — present initially
and undergoing electron transfer with [Diquatj2+. The presence of a radical cation, which is clearly quenched?7 by
oxygen in the atmosphere, has been supported by recording the u.v. spectrum of [Diquat.1][PFglo in Me>CO every 10
mins following preparation of the sample: an absorption at A 380 nm, which has been assigned18 to [Diquat]*
disappears during 30 mins. Two interesting questions are raised: (1) why is [Diquat]*+- only observed when
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Table 1. H N.m.r. chemical shift data [5 values (A values)]2 for solutions in CD3COCD3
4 3 3 4

6 N\ _/+ ° H-3/3' H-4/4' H-5/5' H-6/6' (+NCH2)2
PFgZ

[Diquatl[PFgla 9.19 9.06 8.56 9.44 5.66

[Diquat.4}[PFglo? 8.29(-0.90) 8.67(-039) 847(-0.09) 9.87(+0.43)  5.75 (+0.09)
[Diquat.5][PF glo® 8.47(-0.72) 8.78(0.28) 853(-0.03) 9.85(+0.41)  5.68 (+0.02)
[Diquat.6][PFglo? -« 898-9.07 —  858(+0.02) 9.61(+0.17)  5.72(+0.06)
[Diquat.7)[PF gJo? <«— 898-908f —»  858(+0.02) 9.62(+0.18)  5.72(+0.06)
[Diquat.8][PFglo? 8.73(-0.41) 878(-0.28) 854(-0.02) 957(+0.13)  5.43(-0.23)
[Diquat.9)PFgl,? -— 9.019.06f —»  859(-0.34) 958(+0.14)  5.75 (+0.09)
[Diquat.DB30C10][PFglo® 859 (-0.60) 8.40(0.66) 822(-034) 9.46(+0.02)  5.72 (+0.06)

2 Spectra were recorded at ambient temperature on a Bruker AM250 spectrometer using CDoHCOCD,H as reference.

b Spectrum recorded 4 h after preparation of the sample. € Spectrum recorded immediately after preparation of the
sample. @ Spectrum recorded 16 h after preparation of the sample. € Values quoted from ref 2. fThe broad line widths
of the resonances does not allow an assighment to be made.

diazadibenzo-30-crown-10 derivatives are the receptors, and (2) why does the radical remain tocalised1? in the
substrate and not become delocalised through electron transfer to the receptors 4 and 6-97?

Acknowledgements. We are grateful to Consiglio Nazionale delle Ricerche for the award of a NATO-CNR Fellowship
(to P.L.A)), the Leverhulme Trust for the award of a Research Feliowship (to J.F.S.) and The Royal Society, Accademia
Nazionale dei Lincei, and AFRC for their support of this research programme.

References and Footnotes

1. On leave of absence from Centro CNR, "Sintesi e Stereochimica di Speciali Sistemi Organici®, Mitano, Italy.

2. H.M. Colquhoun, E.P. Goodings, J.M. Maud, J.F. Stoddart, J.B. Wolstenholme, and D.J. Williams, J. Chem. Soc.
Perkin Trans. 2, 1985, 607 and references therein.

3. B.L. Allwood, F.H. Kohnke, J.F. Stoddart, and D.J. Williams, Angew. Chem. Int. Ed. Engl., 1985, 24, 581 and
references therein.

4. Aza-crowns have been shown (S.J. Leigh and 1.O. Sutherland, J. Chem. Soc. Chem. Commun., 1975, 414; J.F.
Stoddart, Chem. Soc. Rev., 1979, 8, 85) to form stronger complexes with RNH3+ ions than the corresponding all-
oxygen macrocycles.

5. All new compounds gave satisfactory analytical and TH n.m.r. spectroscopic data; & (250 MHz, CD3COCD3) for 1 :
2.75 (8H, t, NCH5), 3.61 (8H, t, +CHy), 3.77 (8H, m, B-CHy), 4.11 (8H, m, a-CHy), 6.86-6.94 (8H, m, CgHy); for 2 :
2.35 (6H, s, Me), 3.42 (8H, t, NCH,), 3.68 (8H, t, v-CHy), 3.70 (8H, m, B-CHy), 4.03 (8H, m, a-CHy), 6.86-6.92 (8H,
m, CgHy), 7.30 & 7.72 (8H, AA'XX' system, MeCgH,SOo); for 3 : 1.18 (6H, t, Me), 3.51 (8H, t, NCHy), 3.67 (8H, t, v
CHy), 3.77 (8H, m, B-CHy), 4.05 (4H, q, CO3CHy), 4.11 (8H, m, a-CHy), 6.84-6.96 (8H, m, CgHy); for 4 :2.29 (6H,
s, Me), 2.61 (8H, t, NCH,), 3.65 (8H, t, -CHy), 3.78 (8H, m, B-CH5), 4.10 (8H, m, a-CH5), 6.84-6.96 (8H, m, CgH,);
for 5 : 1.16 (6H, t, Me), 2.92 (8H, t, NCHy), 3.54 (4H, s, NCH,CO), 3.65 (8H, t, v-CH>), 3.78 (8H, m, B-CHp), 4.05



1572

10.

11.

12.

13.

14.

15.
16.

17.

18.
19.

(4H, g, COCHp), 4.10 (8H, m, 0-CHp), 6.84-6.96 (BH, m, CgHy); for 6 : 2.75 (8H, t, NCHy), 3.66 (8H, 1, ¥-CHp), 3.73
(4H, s, NCHoPh), 3.76 (8H, m, B-CHy), 4.10 (8H, m, a-CHy), 6.83-6.95 (8H, m, CgHy), 7.17-7.37 (10H, m, Ph); for
7:2.72 (8H, 1, NCHy), 3.64 (12H, 1 & 5, -CHp & NCH,Ar), 3.72 (6H, 5, OMe), 3.76 (8H, m, B-CHy), 4.10 (8H, m, -
CHp), 6.79 & 7. 25 (8H, AAXX' system, p-CgHy), 6.84-6.96 (8H, m, CgHy); for 8 : 2.67 (8H, 1, NCHy), 3.53 (8H, 1, y-
CHy), 3.65 (4H, 5, NCH,Ar), 3.68 (8H, m, B-CHj), 4.01 (8H, m, a-CHy), 6.77-6.89 (8H, m, 0-CgHy), 7.37 (4H, s,
P-CgHy); for 9 : 2.72 (8H, 1, 8-CHp), 3.57-3.65 (24H, m, -, -, 8-, £-CHy & NCH,Ar), 3.74-3.79 (12H, m, B- &

B™-CHy), 4.00-4.04 (4H, m, o'-CHy), 4.07-4.11 (12H, m, a-CHy), 6.79 & 7.24 (8H, AA’XX' system, p-CgHy), 6.84-6.95
(8H, m, CgHy).

. Crown ethers and aza-crown ethers bearing side-arms with additional donor atoms - the so-called lariat ethers - have

been synthesised and widely used for complexing inorganic cations: see V.J. Gatto, K.A. Arnold, A.M. Viscariello,
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van Zon, D.N. Reinhoudt, G.J. Torny, and H.P.M. Tomassen, Rec. Trav. Chim. Pays-Bas., 1983, 102, 164] and
organic cations such as methyl viologen, i.e. Paraquat [see M. Dahenens, L.Lacombe, J.M. Lehn, and J.P. Vigneron,
J. Chem. Soc. Chem. Commun., 1984, 1097; J. Jazwinski, J.M. Lehn, R. Méric, J.P. Vigneron, M. Cesario, J.
Guilhem, and C. Pascard, Tetrahedron Lett., 1987, 28, 3489).

. The X-ray crystal structure of 2 is reported in the third communication in this series.
. The dibromide was obtained from reaction (‘BuOK, tBuOH, reflux, 48 h) of p-hydroxybenzyl alcohol with penta-

ethyleneglycol bistosylate (ref 1); this reaction gave (SiOo/EtOAc) 1,14-bis[4-(hydroxymethyl)phenoxy]3,6,9,12-
tetraoxadecane [44%, m.p. 71-72°C {CgHg)] which was brominated (PBrg, PhMe-Et50, 1t, 18 h) to afford (Si02/20%
EtOAc-CHCI3) the dibromide [69%, m.p. 57-59°C (CgH12-CgHg)l-

From 1:1 molar equivs of [Diquat][PFg], and receptors §-8, the following complexes were isolated as orange-red
crystals: [Diquat.5][PFglz [m.p. 122-125°C (MeoCO-MeOH; crystals suitable for X-ray crystallography - see following
communication in this series]; [Diquat.6){PFglo [m.p. 125-127°C (Me,CO-Et20)); [Diquat.7)[PFgla [m.p. 98-101°C
(MeoCO-"CgH12)]; [Diquat.8][PFglo [m.p. 169-171°C (MeoCO-Et,0)].

Receptors 4-9 are selective for [Diquat]2+: they interact only very weakly with [Paraquat]2+; 1:1 molar solutions in
CD3COCDg are pale yellow and exhibit less than 0.1 ppm shifts for the [Paraquat]2+ signals in their proton n.m.r.
spectra.

As a consequence of the 1:1 complex formation, some of the signals for the receptors are also significantly shifted.

A general trend is observed for the bridging polyether chains with up-field shifts for the a- and B-CHo protons and
downfield shifts for the v-CHp and NCH, protons.

Fully-resolved resonances for both the receptor and the substrate are observed in the 1H n.m.r. spectrum of
[Diquat.5])[PFg]o recorded immediately after the preparation of the equimolar solution.

The 1H n.m.r. spectrum of a solution containing equimolar amounts of 1 and [Diquat][PFg]2 in CD3COCD4 shows
very broad signals for the receptor: the substrate resonances are much broadened.
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