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DIAZADIBENZO-30-CROWN-10 DERIVATIVES AS RECEPTORS FOR DIQUAT 
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In acetone-d9 solution, ‘H n.m.r. spectroscopy reveals that receptors 4-9, prepared from 

the readily-synthesised diazadibenzo-30-crown-tOderivative 1, form strong 7:l molecular 

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 (DBBOCl 0) forms a strong 1:l complex in organic solvents with 

[Diiuat][PFd2 led3 to the synthesis of bicycltt DB30ClO derivatives which exhibited only slightly better receptor 

properties than DB30ClO itself. Another means4 by which the complexation of substrates containing hydrogen bond 

donors might be enhanced would be to replace some 0 atoms in the polyether chains by NR groups. Here, we report on 

(q the stepwise synthesis of the diazadibenzo-30crown-10 derivative 1, (ii) the characterisation5 of the N,Mtisubstituted 

derivatives 2-7 and the cryptands 8 and 9, and (iii) some spectroscopic investigations on the structures and strengths of 

their 1 :l complexes formed with [Diquat]*+ 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 sttes6, to 

be introduced. This synthetic modffication could be used to locate two anionic binding sites in a receptor that might 

exhibit aqueous solubility7 whilst still complexing with [Diquat]*+. 

Alkylation of ptoluenesulphonamkfe (K2C03, DMF, 100°C, 48 h) 

with 2-(2-chforoethoxy)ethanol gave (SiOdEtOAc) 10 (88%, oil), 

which was converted (TsCI, C6H5N, O’C) into 11 (95%, oil). 
O~o~i”a 

Reaction ~BuOK, THF, reflux, 18 h) of 11 with monobenzytcatechol* 

afforded [StO2/Et2O-liiht petroleum (1 :l, v/v)] 12 [74%, m.p. 87- 

88°C (MeOH-CH2Cl2)]. Hydrogenolysis (Pd/C, MeOH-CH2C12) gave 

eo& 
N 

13 (-loo%, m.p. 83-84OC), which, in a subsequent reaction (tBuOK, 2 

THF, reflux, 40 h) with 11 yielded (SiO2/5% EtOH-Et20) 2 [23%, 

m.p. 117-l 18“C (MeOHCH2Cl2), single crystals suitable* for X-ray a CH2-2-C6ti4CH2 
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crystallography]; detosylation (LiAIH4, THF, reflux, 12 days) gave 1 (66%, m.p. 65-87OC (CHClg-light petroleum)]. 

Reaction (Et3N, CHCl3-Et20, rt, 24 h) of 1 with ethyl chloroformate afforded (neutral Al203/5% EtOAc-CHCl3) 3 (65%. 

oil) which was reduced (LiAIH4, THF, reflux, 60h) to yield 4 [76%, m.p. 74-75°C (Me2CO-nC5H12)]. Alkylation (Na2C03, 

MeCN, rt, 4 days) of 1 with ethyl bromoacetate gave (neutral Al203/10% EtOAc-CHCls) 5 (SO%, m.p. 40-42°C). 

Alkylation (Na2CO3. MeCN, reflux, 48 h) of 1 with: (a) benzyl bromide gave [SiO2/CHCl3-EtOAc (l:l, v/v) 6 (64%, oil); 

(b) pmethoxybenzyl chloride afforded (SiOdEtOAc) 7 (71%, oil); (c) &a’- dibromo-pxylene gave (neutral A1203/10% 

EtOAc- CHCl3) 8 [12%, m.p. 84-86°C (Me2COX5Ht2)]; (d) 1,14-bis[Cbromoethyl)phenoxy]-3,6,9,12-tetraoxadecane~ 

gave (neutral Al203lEtOAc) 9 (5%, oil). 

The diazadibenzo-30-crown-10 derivatives l-9 were evaluated as complexing agents for both [Diquat]2+ and 

[ParaquatJ2+ by comparing 1 H n.m.r. spectra recorded in CDsCOCD3 solutions for (a) the free receptors, (b) the free 

substrates, as their bishexafluorophosphates, and (c) 1 :l molar ratios of receptor:substrate mixtures. The results of 

these experiments were supported by following colour changes in solution arising from X---I charge transfer interactions 

between the x-electron rich receptors and x-electron deficient substrates, and also by attempting to isolate coloured 

crystalline complexeslO. In addition to these charge transfer interactions, the intermolecular forces implicated in this type 

of complexatiin involve hydrogen bonding, Coulombic attractions, and dispersion forces. Possibly as a consequence of 

the combined electronic and stertc 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 

[Diquat12+ or [Paraquat12+. On the other hand, in the presence of equimolar amounts of [Dtquat][PF6]2, the receptors 4- 

9 gave rise1 1 to orange solutions, undoubtedly indicating charge transfer complex formation; this observation is reflected 

in the significant ‘H n.m.r. chemical shtts (Table 1) exhibited by the resonances l2 in [DiqUat.&9][PF6]2 compared with 

those observed for [Diiuat][PF6j2. In common with [Diquat.DB30Clg][PF6]2, the signals for both H-30 and H-4/4’ in 

[Diquat.4-9][PF6]2 experience substantial upfield shiis suggesting that both the bipyridinium ring protons lie within the 

paratropic regions of the catechol rings. However, the signals for H-55’ and H-66’ behave quite differently in the 

complexes of the polyether (DB30ClO) and diazapolyether (4-9) receptors; a consideration of the structural features 

present within these complexes suggests the following possible explanations: (a) the Nsubstttuents 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 (NCH2)2 stgnal is shiied upfield by 0.23 ppm in [Diquat.E][PF6]2, 

indicating the location of this portion of the substrate within the shielding zone of the bridging xylyl unit of 8. Receptor 10 

was designed so that the chain Z might encircle the bound [Diquat]2+ substrate: alas, the ‘H n.m.r. chemical shift data 

(Table 1) do not support the realisation of this stereochemical expectation. 

In contrast with results obtained previously2 for [Dtquat.DBSOCl O][PFgl2, the 1 H n.m.r. spectra of the 1 :l complexes 

formed between [Diquat][PFdp and the diazadibenzo-30crown-10 derivatives 4 and 6-9 exhibtt13 an interesting 

phenomenon: freshly prepared CDaCOCDa solutions of these complexes give rise to 1 H n.m.r. spectra in which the 

resonances for all the protons in [Diquat12+ are significantly broadened whilst all the signals for the protons in the 

receptors are well resolved. After standing for 2-4 h, the CDaCOCDa solutions employed to record the spectra of 

[Diiuat.4][PFd2 and [Diquat.81PF6]2 exhibit sharp resonances for the substrate protons. However, even after standing 

for 16 h, the CD3COCD3 solutions of [Diiuat.6][PF6]2, [Diquat.‘l][PFs]2, and [Diquat.S][PFs]p afforded spectra where 

resonances for the substrate protons other than H-6/6’ were still quite broad 14. Most likely, the phenomenon arises15 

from the complexatbn of very small amounts (<0.01%)te of the paramagnetii radical cation - [Diquat]+. -present initially 

and undergoing electron transfer with [Dquat] 2+. The presence of a radical cation, which is clearly quenched” by 

oxygen in the atmosphere, has been supported by recording the U.V. spectrum of [Diquatl][PFs]2 in Me$O every 10 

mins following preparation of the sample: an absorption at X 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. 1H N.m.r. chemical shift data [S values (A8 values)]a for solutions in CD3COCD3 

4 33’ 4 

5 =I H-3,3’ H-4/4’ H-5/5’ H-6/6 ;NCH2)2 6 
+U+ 

PF,*- 

[Diquat][PFd]p 

[Diquat4)[PF6]2o 

[Diquat.5][PFS]2C 

[Diquat.6][PF6]2d 

[DiqUat.7][PF& d 

[Diiuat.6][PF6]2b 

[Diquat.9]PFd2d 

[Diquat.DB30C10][PFd2e 

9.19 9.06 

8.29 (-0.90) 8.67 (-0.39) 

8.47 (-0.72) 8.78 (-0.28) 

- 8.96-9.07’ --) 

e 8.98-9.08f __) 

8.73 (-0.41) 8.78 (-0.28) 

c- 9.01-9.06f e 

8.59 (-0.60) 8.40 (-0.66) 

8.56 

8.47 (-0.09) 

8.53 (-0.03) 

8.58 (+0.02) 

8.58 (+0.02) 

8.54 (-0.02) 

8.59 (-0.34) 

8.22 (-0.34) 

9.44 

9.87 (+0.43) 

9.85 (+0.41) 

9.61 (+0.17) 

9.62 (+0.18) 

9.57 (+0.13) 

9.56 (+0.14) 

9.46 (+0.02) 

5.66 

5.75 (+0.09) 

5.68 (+0.02) 

5.72 (+0.08) 

5.72 (+0.06) 

5.43 (-0.23) 

5.75 (+0.09) 

5.72 (+0.06) 

a Spectra were recorded at ambient temperature on a Broker AM250 spectrometer using CD2HCCCD2H as reference. 

b Spectrum recorded 4 h after preparation of the sample. c Spectrum recorded immediately after preparation of the 

sample. d Spectrum recorded 16 h after preparation of the sample. e Values quoted from ret 2. f The broad line widths 

of the resonances does not allow an assignment to be made. 

diazadibenzo-30-crown-10 derivatives are the receptors, and (2) why does the radical remain localised1g in the 

substrate and not become delocalised through electron transfer to the receptors 4 and 6-9? 
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