
X-Ray crystal structure of a new PbII-selective carbon-pivot lariat ether 
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c = [2+Pb(N03)+-C,H50]+ 

New C-pivot lariat 16-crown-5 ethers and two 
metal-crown ether complexes are synthesized and 
characterised by single-crystal X-ray diffraction which 
indicates that both the crown ring and the side arm are 
involved cooperatively with the cation (Na+ or Pb2+) in 
three-dimensional complexation. 

Lariat crown ethers, through the cooperation of crown ring and 
side arm, often exhibit different cation-binding properties 
compared with the parent crown ethers.' No report concerning 
the X-ray single-crystal structure of a carbon-pivot lariat crown 
ether-metal complex has appeared in the literature. We now 
report our results of two X-ray single-crystal structures of 
carbon-pivot lariat ether-metal complexes and complexation 
studies in the gas phase by FAB mass spectroscopy. FABMS 
has been recognized as a rapid means to characterize metal-ion 
complexation between crown ethers24 and lariat crown 
ether~.~>6 Since desorption of the substrate from a matrix 
solution occurs in FAB ionization, a direct observation of the 
integrity of the complexes in the gas phase is possible. The basic 
sym-dibenzo- 16-crown-5 system is chosen for the three-carbon 
connection with a central hydroxy group providing a handle for 
easy side-arm attachments, and avoiding the instability of acetal 
linkage of an all-ethyleneoxy macrocycle. Conventional ion- 
extraction and transport studies of alkali metals using the parent 
ring and some lariat crown ethers have been perf0rmed.~-9 
These methods are tedious and results varied. Furthermore, 
single-crystal X-ray structures provide concrete evidence for 
the three-dimensional complexation feature of the side-arm 
involvement. 

Hydroxy-sym-dibenzo- 16-crown-5 ether 1 was synthesized 
by modifying the procedures of Cramlo and coworkers and 
Bartsch'l and coworkers. 2'-Methoxyethyl-sym-dibenzo- 
16-crown-5 ether 2 was prepared by stirring NaH (0.18 g, 6 
mmol) and 1 (1.00 g, 2.89 mmol) in anhydrous thf (30 ml) at 
20°C for 0.5 h under nitrogen; 2-chloroethyl methyl ether 
(0.293 g, 3.1 mmol) in thf (5 ml) was then added dropwise. 
After heating the mixture under reflux for 2 h, and destroying 
the excess NaH with water, thf was removed in vacuo. CHC13 
(50 ml) was added to the residue and extracted with water (2 X 
20 ml). After drying (MgS04) and passing the CHC13 solution 
through a column of silica gel and eluting with CHC13,2 (0.99 
g, 85 %), mp 61-62 "C [CHC13-hexane (1 : 5)] was obtained. 

The complex of 1 (3.46 g, 10 mmol) with NaBr (1.03 g, 10 
mmol) was prepared by heating and stirring in ethanol (50 ml, 
reflux, 72 h). Crystals for X-ray determination were grown by 
slow evaporation of ethanol. Anal: Calc. (found) for l[NaBr]: 
C, 50.80 (50.66); H, 4.94 (4.89)%. The complex of 2 with 
Pb(N03)2 was prepared by stirring Pb(N03)2 (0.662 g, 2 mmol) 
in MeOH-H20 (4: 1) (4 ml, ca. 25 O C ,  5 min) and adding 2 
(0.404 g, 1 mmol) in CHC13 (1 ml) and stirring for 10 min. X- 
Ray quality crystals were grown by slow diffusion of hexane 
into the reaction mixture in a desiccator. Anal: Calc. (found) for 

FABMS shows parent-ion peaks with suitable isotopic cluster at 
mlz values for [1+ Na]+ and [2 + Pb(N03)]+ both as base peaks 
(Fig. 1). The crystal structures of l[NaBr] and 2[Pb(N03)2] 
together with selected bond lengths and angles are shown in 
Fig. 2.T 1 [NaBr] contains a seven-coordinate pseuso-bipyr- 

2[Pb(N03)2]: C, 35.92 (35.89); H, 3.84 (3.77); N, 3.81 (3.83)%. 

amidal Na ion, with Br- in cis-position to the side-arm oxygen 
[0( l)]. The macroring donor atoms are disposed in a twist-chair 
conformation with Na+ distinctly above the plane of four ring 
oxygens [0(2), 0(3), 0 ( 5 ) ,  0(6)]. The side-arm oxygen is 
pseudo-axial to the coordination plane. Binding of the side arm 
can be viewed as occupying one face of the cavity of the 
macroring donor atoms and cradling the metal ion; thus the 
cation is immersed deeply in the ring. The lead(r1) complex 
contains eleven-coordinate Pb", with the macroring donor 
atoms arranged in a twist-boat structure. The side-arm oxygen 
occupies a 'flagpole' position cradling the Pb atom toward the 
crown rings as seen in Fig. 2(b). The lariat's cavity in the 
complex is more flexible than that of the parent crown ether and 
can adjust to an optimum size for each cation. 

FABMS was used to assess the binding ability between the 
lariat crown ether and cations in m-nitrobenzyl alcohol. In 
addition to the parent-ion peaks, fragments from the [2 + Pb]+ 
complex were observed as an isotope cluster at m/z 509, 61 1, 
612 and 613. Since the parent crown ether 1 is known to show 
selectivity towards Na, 12 a competitive complexation of 
equimolar 1 and 2 with Na+ was undertaken with adequate 
calibration13 and should give an evalution of the side-arm 
effect. Besides strong signals for [2 + Na]+ and [1+ Na]+ at m/z 
427 and 369, protonated and molecular ions were observed at 
mlz 405 [2 + HI+, 404 [2]+ and 347 [ l  + HI+, 346 [1]+, 
respectively. The ratios of [2 + Na]+/[2]+ and [l + Na]+/[l]+ 
were ca. 12 and 0.15, respectively. Thus the ethylenemethoxy 
side arm enhances sodium selectivity ca. sevenfold. Since no 
2 : 1 complex peaks were observed, lariat ethers provide a bound 
cation with three-dimensional complexation without requiring a 
sandwich structure. i4 Preferential complexation of 2 with Pb2+ 
among heavy-metal ions (Zn2+, Hg2+, Pb2+, Ag+, Cu2+) was also 
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Fig. 1 FAB mass spectrum of (a) [l + NaBr] and ( 6 )  [2 + Pb(NO&] 
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Fig. 2 (a)  Structure of l[NaBr] with selected bond lengths (A) and angles 
("): Na-O( 1) 2.453(5), Na-O(2) 2.425(6), Na-O(3) 2.553(6), Na-0(4) 
2.721(6), Na-0(5) 2.530(6), Na-O(6) 2.479(6), Na-Br 2.883(3); Br-Na- 
O( 1) 86.4( l), O( 1)-Na-0(2) 69.1(2), 0(2)-Na-0(3) 62.0(2), O(3)-Na- 
O(4) 60.5(2), 0(4)-Na-0(5) 60.7(2), 0(5)-Na-0(6) 62.0(2). (h) Structure 
of 2[Pb(N03)2] with selected bond lengths (A) and angles ("): Pb-O(1) 
2.903(4), Pb-0(4), 2.801 (4), PbO(5) 2.857(4), Pb-0(6) 2.634(4), P W ( 7 )  
2.770(4), Pb-O(10) 2.581(5), Pb-O(l1) 2.638(4), Pb-O(13) 2.580(4), Pb- 
O( 14) 2.742(4); O( l)-Pb-0(5) 54.7( I) ,  O( l)-Pb-0(6) 58.9(1), O(4)-Pb- 
O(5) 57.9(1), 0(6)-Pb-0(7) 60.5( 1). 

indicated by FABMS. No peak corresponding to [2 + M(an- 
other than for Pb was observed; and [2 + Pb(N03)]+, 

mlz 674 was the base peak. 
In conclusion, side-arm involvement of lariat ethers in 

cooperating cation binding is demonstrated by both single- 
crystal X-ray diffraction and FABMS. Attachment of a side arm 
enhances binding towards Na+ and selectivity towards Pb2+. 
The ease of synthesis and the flexibility of the lariat crown 
ethers suggest many promising applications for these com- 
pounds as complexing agents. 

We thank the National Science Council of the Republic of 
China for financial support (Grant No. NSC 84-2 1 13-M003- 
004). 

Footnote 
7 Crystal data: l[NaBr], C19H22BrNa06, white crystals, orthorh:mbic, 
space group P212121, a = 8.660(2), b = 13.121(3), c = 17.246(9) A, U = 

1960(1) A3, Z = 4, D, = 1.523 M! m-i. Data collection carried out on a 
Nonius CAD4 diffractometer using graphite-monochromated Mo-Ka 
radiation at 25 "C. Atomic scattering factors were taken from ref. 15, and 
data reduction and structural refinement were performed using NRCC-SDP- 
VAX packages.Ih Absorption corrections were made by the empirical Y- 
rotation method. Cell parameters were obtained from 25 reflections with 20 
23.14-27.26". A total of 1984 unique reflections were collected and the data 
were corrected for decay and absorption.16 A total of 1551 reflections with 
I > 2.5o(p) were used in the refinement. The structure was solved by direct 
methods and refined by least-squares cycles. All the non-H atoms were 
refined with anisotropic thermal parameters. Full-matrix least-squares 
refinement led to convergence with R = 0.040, R' = 0.033. 

2[Pb(N0,)2]. C22H28N201 3Pb, white crystals, monoclinic, space group 
P21/n, a = 11.031(2), h = 9.187(3), c = 25.426(5) A, p = 96.86(2)", U = 
2558(1) A3, Z = 4, D, = 1.910 Mg m-3. Intensities of 4489 unique 
reflections in the region 20 < 49.8". Cell parameters were obtained from 25 
reflections with 20 23.54-27.18O. A total of 3403 reflections with I > 
2.50(1) were used in the refinement; R = 0.027, R' = 0.021. 

Atomic coordinates, bond lengths and angles, and thermal parameters 
have been deposited at the Cambridge Crystallographic Data Centre 
(CCDC). See Information for Authors, Issue No. 1. Any request to the 
CCDC for this material should quote the full literature citation and the 
reference number 182156. 
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Tel + I  315 268 7972. Fax +1 315 268 7990 or +1 315 268 7973. 
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Contact: Dr A V Patsis, Director, Institute for Materials Science, 
State University of New York, New Paltz, NY 12561, USA. 
Tel +1 914 255 0757. Fax +1 914 255 0978. 
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Aspects of Protein Folding 
San Luis City, Argentina June 17-20 
Contact: Dr J Vila, IMASL-Universidad Nacional de San Luis, 
Ejercito de Los Andes 950, 5700 San Luis, Argentina. 

25th National Medicinal Chemistry Symposium 
Ann Arbor, MI, USA June 18-22 
Contact: L B Townsend, University of Michigan, 428 Church St, 
1028 College of Pharmacy, Ann Arbor, MI 48109, USA. 
T e l + l  313 764 7547. Fax + l  313 763 2022. 

Clean Tech ’96 
Uxbridge, UK June 19-21 
Contact: Conference Secretariat, SCI, 14/15 Belgrave Square, 
London, UK SWlX 8PS. Fax +44 (0) 171 823 1698. 

79th Canadian Society for Chemistry Conference 
St. John’s, Canada June 23-27 
Contact: Diane Goltz, Program Manager, Conferences, The 
Chemical Institute of Canada, 130 Slater St, Suite 550, Ottawa, ON, 
Canada, KIP 6E2. Tel +1 613 232 6252. Fax +1 613 232 5862. 
E-mail CSCXT@ACADVM 1 .UOTTAWA.CA 

XXI International Symposium on Macrocyclic Chemistry 
Montecatini Terme, Italy June 23-28 
Contact: A Bianchi and P Paoletti, XXI ISMC, Department of 
Chemistry, University of Florence, via Maragliano 75/77, 50144, 
Florence, Italy. Fax +39 55 354845. 

1 lth Conference on Polymers. Thermal and Photo-induced 
Oxidation of Polymers and its Inhibition in the upcoming 21st 
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High Tatras, Slovak Republic June 24-28 
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16th International Liquid Crystal Conference 
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Carbohydrate Therapeutics 
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Tel+46 8 41 1 5280. Fax +46 8 10 6678. 
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1 lth International Conference on Surface Forces 
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11th IUPAC International Conference on Organic Synthesis 
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Fax +3 1 24 360 1159. 

11th International Congress on Catalysis 
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Recent Advances in the Chemistry of Anti-infective Agents 
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6th International Conference on the Chemistry of the Platinum 
Group Metals 

Contact: RSC? 
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2nd International Symposium on Combinatorial Synthesis 

Contact: Dr C J Todd, Department of Chemistry, University of 
Exeter, Stoker Road, Exeter, UK EX4 4QD. 
Tel +44 (0) 1392 263499. Fax +44 (0) 1392 263434. 
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International Conference on Science and Technology of 
Synthetic Materials 

Contact: Professor. Z V Vardeiy, Secretary General, ICSM '96, 
Physics Dept., 214 JFB, University of Utah, Salt Lake City, Utah 
84112, Tel +I (801) 581 8372. Fax +I (801) 581 4801. 
E-mail icsm96@mail.physics.utah.edu 

Recent Advances in Polymer Synthesis 

Contact: Professor P Hodge, Department of Chemistry, University 
of Manchester, Oxford Road, Manchester, UK M13 9PL. 
Tel +44 (0) 161 275 4706. Fax +44 (0) 161 275 4598. 
E-mail Philip.Hodge@man.ac.uk 

Snowbird, USA July 28-August 2 

York, UK July 29-August 2 
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36th International Symposium on Macromolecules 

Contact: Dr Kwang Ung Kim, Secretariat of IUPACMACRO 
SEOUL 96, Division of Polymers, Korea Institute of Science and 
Technology, PO Box 13 1, Cheongryang, Seoul 130-650, Korea. 
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E-mail iupac@ kistmail .kist.re.kr 
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Osaka, Japan August 25-30 

10th Conference of the European Society of Biomechanics 

Contact: Dr J Vander Sloten, Executive Secretary, 10th Conference 
of the European Society of Biomechanics, Katholieke Universiteit 
Leuven, Division of Biomechanics and Engineering Design, 
Celestijnenlaan 200A, B-300 1 Heverlee, Belgium. 
Tel +32 16 32 70 96. Fax +32 16 29 27 16. 
E-mail jos.vandersloten@mech.kuleuven.ac.be 

Leuven, Belgium August 28-3 1 

Supramolecular Chemistry: Molecular Recognition and 
Drug-Receptor Interactions 
Salamanca, Spain August 29-September 3 
Contact: Dr J Hendekovic, European Science Foundation, 1 quai 
Lezay-Marnesia, 67080 Strasbourg Cedex, France. 
Tel +33 88 76 71 35. Fax +33 88 36 69 87. 
E-mail euresco@esf.org 

September 1996 
NSW Southern Highlands Conference on Heterocyclic 
Chemistry 
Bowral, Australia September 1-3 
Contact: Professor David St C Black, School of Chemistry, 
University of New South Wales, Sydney, NSW 2052, Australia. 
Tel +61 2 385 4712. Fax +61 2 662 2835. 
E-mail D.Black@unsw.edu.au 

8th FECHEM Conference on Heterocycles in Bio-organic 
Chemistry 
Villa Olmo, Como, Italy September 1-4 
Contact: Professor Bruno Danieli, Dipartimento di Chimica 
Organica e Industriale, Universith di Milano, Via Golgi 19,I-20133 
Milano, Italy. 

ECME 96, Third European Conference on Molecular 
Electronics 
Leuven, Belgium September 1-6 
Contact: Professor F C De Schryver, Department of Chemistry, 
KU. Leuven, Celestijnenlaan 200 F, B-300 I Heverlee, Belgium. 

XIth International Symposium on Organosilicon Chemistry 
Montpellier, France September 1-6 
Contact: Professor R J P Corriu, Laboratoire des Precurseurs 
Organometalliques de Materiaux, UMR CNRS 44, Universite de 
Montpellier 11, Place E. Bataillon, CC 007, F34095 Montpellier 
Cedex 5. France. Fax +33 67 14 38 88. 

1 lth European Symposium on Quantitative Structure-Activity 
Relationships: Computer-assisted Lead Finding and 
Optimization 
Lausanne, Switzerland September 1-6 
Contact: Dr Han van de Waterbeemd, c/o F, Hoffmann-La Roche 
Ltd, Dept. PRPC 65/3 14, CH-4002 Basel, Switzerland. 
Tel+41 61 688 8421. Fax +41 61 688 1075. 
E-mail johannesvan-de-waterbeemd@roche.com 

5th International Conference on Chemical Synthesis of 
Antibiotics and Related Microbial Products 
Debrecen, Hungary September 1-6 
Contact: The Congress Center, L. Kossuth University, 5th ICSA, 
H-4010 Debrecen, PO Box 68, Hungary. Fax +36 52 310936. 
E-mail antibiotics@ tigris. klte.hu 

RSC 3rd International Symposium: Transition Metals in 
Organic Synthesis 
London, UK September 4-6 
Contact: RSCT 

Biocoordination Chemistry and Framework Structures 
Odense, Denmark September 6- 1 1 
Contact: Professor H Toftlund, Kenusk Institut, Department of 
chemistry, Odense Universitet, Campusvej 55, DK-5230 Odense 
M, Denmark. 

9th International Symposium on Molecular Recognition and 
Inclusion (ISMRI9) 
Lyon, France September 7- 12 
Contact: Dr A W Coleman, Institute de Chimie et Biologie des 
Proteines, CNRS UPR 417, 7 Passage du Vercors, F-69376 Lyon 
Cedex 07. France. Tel+33 72 72 26 40. Fax +33 72 72 26 01. 

?Contact: Dr J F Gibson, The Royal Society of Chemistry, Burlington House, London, UK W1V OBN. Tel +44 (0) 171 437 8656. Fax +44 (0) 171 734 1227. 
E-mail Conferences@rsc.org 
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XIVth International Symposium on Medicinal Chemistry 
Maastricht, The Netherlands September 8-12 
Contact: H Timmerman, LeidenIAmsterdam Centre for Drug 
Research (LACDR), Department of Pharmacochemistry, Vrije 
University, De Boelelaan 1083, NL- 108 1 -HV Amsterdam, The 
Netherlands. Tel +31 (0) 20 44 47580. Fax +31 (0) 20 44 47610. 
E-mail bijloo@chem.vu.nl 

4th International Symposium on Heterogeneous Catalysis and 
Fine Chemicals 
Basel, Switzerland September 8- 12 
Contact: 4th International Symposium on HCFC '96, c/o AKM 
Congress Service, PO Box, CH-4005 Basel, Switzerland. 
Tel+41 61 691 51 11. Fax +41 61 691 81 89. 

XIIIth International Symposium on the Reactivity of Solids 
Hamburg, Germany September 8- 12 
Contact: Secretary XIIIth ISRS, Institute of Inorganic and Applied 
Chemistry, University of Hamburg, Martin-Luther-King-Platz 6, 
20146 Hamburg, Germany. Tel +49 40 41 23 60 86. 
Fax +49 40 41 23 63 48. 

RSC 24th Symposium of the European Peptide Society 
Edinburgh, UK September 8- 13 
Contact: RSC?. 

Molecular Modelling of Chemicals and Materials 
Amsterdam, The Netherlands September 9- 10 
Contuct: Dr A M Brouwer, Laboratory of Organic Chemistry, 
Amsterdam Institute of Molecular Studies (AIMS), Nieuwe 
Achtergracht 129, 101 8 WS Amsterdam, The Netherlands. 
Fax +3 1 (0) 20 5255670. E-mail mgms@chem.uva.nl 
WWW http://krop.chem.uva.nl.mgms/ 

Advances in Chemistry of Crop Protection 
Cambridge, UK September 9- 1 1 
Contact: Conference Secretariat, SCI, 14/15 Belgrave Square, 
London, UK SWlX 8PS. 
Tel +44 (0) 17 1 235 368 1 .  Fax +44 (0) 17 1 823 1698. 

14th International Symposium on Gas Kinetics 
Leeds, UK September 9- 12 
Contact: RSCt 

RSC Autumn Meeting 
Uxbridge, UK 
Contact: RSC-I- 

September 10- 13 

Reactivity in Organised Microstructures: Chemical Reactions 
and Physical Processes in Compartmentalized Systems 
Santiago de Compostela, Spain September 10- 15 
Contact: Dr J Hendekovic, European Science Foundation, 1 quai 
Lezay-MamCsia, 67080 Strasbourg Cedex, France. 
Tel +33 88 76 71 35. Fax +33 88 36 69 87. 
E-mail euresco@esf.org WWW http://www.esf.org/euresco 

COPS-IV 4th International Symposium on the 
Characterisation of Porous Solids 
Bath, UK September 15- 18 
Contact: Elaine Wellingham, Conference Secretariat, Field End 
House, Bude Close, Nailsea, Bristol, UK BS19 2FQ. 
Tel & Fax +44 (0) 1275 8533 1 1 .  

20th IUPAC Symposium on the Chemistry of Natural 
Products 
Chicago, USA September 15-20 
Contact: IUPAC Symposium Headquarters, 5999 Butterfield Road, 
Hillside, IL 60 162, USA. E-mail IUPAC@searle.monsanto.com 
www http://www . a2z.com/iupac20/index. hml 

Faraday Discussion 104, Complex Fluids and Interfaces 
Cambridge, UK September 18-20 
Contact: RSC-i- 

3rd International Medicinal Chemistry Symposium 
Bath, UK September 22-24 
Contact: Elaine Wellingham, Conference Secretariat, Field End 
House, Nailsea, Bristol, UK BS19 2FQ. 
Tel & Fax +44 (0) 1275 8533 I 1. 
E-mail i.s.blagbrough@bath.ac.uk and m.d.threadgill@bath.ac.uk 

23rd Annual Conference of the Federation of Analytical 
Chemistry and Spectroscopic Societies, FACSS XXIII 
Kansas City, USA September 29-October 4 
Contact: FACSS National Office, 20 1 -B Broadway St., Frederick, 

Tel+1 301 846 4797. Fax +1 301 694 6860. 
MD 21701-6501 USA. 

October 1996 
XVIIth European Colloquium of Heterocyclic Chemistry 
Regensburg, Germany October 6-9 
Contact: Professor G Markl, Institut fur Organische Chemie, 
Universitat Regensburg, D-93040 Regensburg, Germany. 
Tel +49 94 1 943 463 1. Fax +49 94 1 943 4505. 

Joint RSC Fine Chemicals and Medicinals Group-SCI 
Cardiovascular Meeting 
Edinburgh, UK October 20-22 
Contact: RSCt 

Recent Advances in Drugs for the Treatment of Cardiovascular 
Disease 
Edinburgh, UK October 20-22 
Contact: Elaine Wellingham, Conference Secretariat, Field End 
House, Bude Close, Nailsea, Bristol, UK BS19 2FQ. 
Tel & Fax +44 (0) 1275 85331 1. 

December 1996 
Fifth Eurasia Conference on Chemical Sciences 
Guangzhou, China December 1 0- 14 
Contact: Professor Liang-Nian Ji, Biotechnology Research Center, 
Zhongshan (Sun Yatsen) University, Guangzhou, Canton 5 10275, 
China. Tel +86 (20) 418 5461. Fax +86 (20) 418 9173. 
E-mail leiy@ bepc2.ihep.ac.cn 

Faraday Discussion 105, Catalysis and Surface Science at High 
Resolution 
Reading, UK December 16- 1 8 
Contact: Professor M Bowker, Department of Chemistry, 
University of Reading, Whiteknights Park, Reading, UK 
RG6 6AD. 

January 1997 
International Symposium on Chemical and Biological 
Thermodynamics 
Amritsar, India January 5-8 
Contact: Professor D V S Jain, Department of Chemistry, Panjab 
University, Chandigarh 160014, India. Tel +91 (172) 541435. 
Fax +91 (172) 541409. E-mail dvs-jain@imtech.ernet.in 

April 1997 
Spring ACS National Meeting 
San Francisco, USA April 13-17 
Contact: American Chemical Society, Meetings, PO Box 18598, 
20th St Station, Washington, DC 20036-8598, USA. 

?Contact: Dr J F Gibson, The Royal Society of Chemistry, Burlington House, London, UK W I V  OBN. Tel +44 (0) 171 437 8656. Fax +44 (0) 171 734 1227. 
E-mail Conferences@rsc.org 
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