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ABSTRACT: Supramolecular chemistry was used to solve two practical problems, the preparation of layered
polydiacetylenes and the first ever 1,6-polymerization of a triacetylene to give a polytriacetylene Copy2ig®d
John Wiley & Sons, Ltd.
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INTRODUCTION topochemical polymerizations, that is, organization of
the diynes is required for a successful 1,4-polymeriza-
Supramolecular chemistry has been one of the mosttion. Unfortunately, most diacetylene monomers do not
rapidly developing fields of science. This development is naturally self-assemble into precursor structures compa-
due to the now recognized importance of intermolecular tible with the requirements for a topochemical polymer-
interactions, structure and cooperativity in almost all ization. This means that only selected polydiacetylenes,
aspects of molecular science and many technologicalthose that have monomers that assemble in a fortuitous
endeavors. From biology to pharmacology to materials manner, are readily available. There is no general method
science the challenges are to understand existingfor organizing diacetylenes that do not self-assemble
supramolecular constructs and to design and build newnaturally. Since optical and electrical properties of
functional supramolecular entities for function and polydiacetylenes are highly anisotropic it would be very
application. This is an exciting era in supramolecular desirable to develop methods that would align monomers
chemistry because we are now at the stage where the goahot just to give polydiacetylene polymers, but to give
of preparing designed supramolecular structures ispolymers that are aligned in a crystal. This alignment
becoming a reality. It is time to take our ideas and to would transfer the inherent anisotropic properties of the
demonstrate that they can be used to solve practicalmolecule to the crystal. This defines problem one: can
problems. one devise ways to align diacetylene monomers into
In this paper we present a synopsis of our work and a
solution to two practical problems, the preparation of

layered polydiacetylenes and the first ever 1,6-polymer-

ization of a triacetylene. These are problems that can only \%\%\%\

be solved by using supramolecular chemistry. R R R
polyacetylene

TWO PROBLEMS

The family of polymers derived from acetylene and its
oligomers—have been widely explored as candidates for
advanced materials. The availability of these polymers R
varies because of the different synthetic methods used for polydiacetylene
each class of compound. The polyacetylenes are the most R

accessible, they can be made by direct solution
polymerization of the monomers. The polydiacetylenes
cannot be made in solution, instead they come from
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layerswith eachmonomermalignedin accordancevith the
requirementseededor atopochemicapolymerization?
If themonomersreorganizednto layerstherewill bean
increasedprobability that the resultingpolymerswill be
parallel with coplanar backbones, transferring the
anisotropicpropertiesof the polymersto the crystal.

Problemtwo goesbeyondthe well-studied diacety-
lenesto triacetylenes.The polymerizationof triacety-
lenes to produce polytriacetylenesis unknown and
presentsa most difficult problem to solve. Solution
polymerizationdoesnot work, no fortuitoustopochemi-
cal polymerizationhasever beenobservedand no 1,6-
polymerizationof a triacetylenehaseverbeenreported.
However, Diederich and co-workershave synthesized
triacetylenepolymersand oligomers, not by the direct
polymerizationof a triacetylene,but by clever indirect
means. ** Significantly, they reportthat the polytriace-
tyleneoligomersappeaito be morestablethaneitherthe
polyacetylene®r polydiacetylenesThis is animportant
propertysincethe instability of polyacetyleness one of
the primary reasonswhy this fascinating class of
conjugatedpolymershas resistedcommercialdevelop-
ment.Clearlyagenerafouteto the 1,6-polymerizaidn of
atriacetylenes desirable.

PREORGANIZATION REQUIREMENTS FOR A
TOPOCHEMICAL POLYMERIZATION

Thestructuralparametersequiredfor the 1,4-topochemi-
cal polymerizationof a diacetyleneare well known [Fig
1(a)]. The monomersmustbe alignedwith an intermol-
ecular repeatspacingof about 5.0A, a distancethat
correspondsto the repeat distance in the resulting
polymer.In addition,the monomersmustbe tilted at an
angle of 45° with respectto the translationaxis. This
anglebringsthe C-4 carbonof onediacetylendnto close
van der Waals contact with the C-1 carbon of the
neighboringdiacetylenemonomer Thereactioncanthen
take place with a minimum amount of atom motion,
merely anin-placerotation of the diacetylenecore unit.
The reactionhasbeenstudiedextensivelyand hasbeen
observedvith manydifferentdiacetylenesThe reaction
is dependentiponthe C-1to C-4 non-bondedlistances.
If thedistancads fortuitously close significantlylessthan
about3.8A, thena reactionis expectedHowever,most
diacetylenegio not crystallizein accordanceavith these
structuralrequirementsand polymerizationis not possi-
ble.

A rational approachto the topochemicallycontrolled
polymerizationof diacetyleness desirableThe problem
to solveis howto imposetherequiredpreorganizatioron
to molecule that does not normally self-assemblen
accordancavith the strict requirementgor atopochemi-
cally controlledpolymerization.

Similarly, the structural parametergequiredfor the
topochemicalpolymerization of a triacetylenecan be
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Figure 1. The preorganization requirements for the topo-
chemical polymerization of (a) a diacetylene and (b) a
triacetylene

derived>*®[Fig. 1(b)]. Again, themonomericunitsmust
match the repeat distance, 7.4A, expected for the
polymer. For a van der Waals contactbetweenthe C-1
andC-6 carbonsf neighboringmoleculesanacuteangle
of 28 canbe calculated.No exampleof a fortuitously
alignedtriacetylenes known.Varioustriacetylenehave
beenexaminedover the years,but nonehasbeenfound
with the properpreorganizatiorand noneundergoeshe
desiredl,6-polymerizatiorreaction.Interestingly,some
triacetylenesdo crystallize in the accordancewith the
requirementdor a 1,4-polymerization.They appearto
polymerizevia a 1,4-mechanisnto give a polydiacety-
lenewith ethynyl substituents’

HOST-GUEST STRATEGY

Socanoneachievesuchpreorganizatiorby design?Our
approachs baseduponalibrary of functionalgroupsthat
reliably assemblénto one-dimensionatydrogen-bonded
a-networks,eachis characterizedy a specificintermol-
ecularrepeatdistance:®2°Our prototypicalgroupis the
disubstitutedureafunctionality. Suchureasorm a pair of
hydrogen bonds in a very reliable and reproducible
mannerThecrystalstructureof mostdisubstitutedireas
showa characteristicspacingof about4.55-4.70A. We
have shown that the one-dimensionalrea o-networks
can be linked togetherto form a two-dimensionalf-
network using functional groups such as dicarboxylic
acids(Fig. 2).

Similarly to the ureas,oxalamidesalso self-assemble
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Figure 2. A disubstituted urea with carboxylic acid side-chains forms a two-dimensional hydrogen-bonded f-network with a

characteristic intermolecular distance of 4.69 A

in a reliable mannerforming pairs of complementary
hydrogen bonds. The C=0:--H—N hydrogen bonds
formed by the oxalamidesare linear insteadof bentas
they arein the ureas.This makesthe molecularrepeat
slightly longer. This fact will becomeimportantas we
moveon to applications.

Moleculessuchasthat shownin Fig. 2 self-assemble
into layersyielding interestingnetworks,but their real
value comeaboutwhenthey are usedashostmolecules
to imposestructuralparametersipona guest.Sincethe
molecules are carboxylic acids, they have a natural
affinity for basesuchaspyridines.A co-crystalformed
from theureaof glycineandbipyridineis shownin Fig. 3.
Theureahostformsan a-networkwith the characteristic
ureaspacing.This distanceis in turn imposeduponthe
bipyridine guest. The host and guesttogetherform a
layeredf;-network.

TOPOCHEMICAL POLYMERIZATION OF
LAYERED DIACETYLENES BY DESIGN

After studying a number of model compoundsusing
various ureasas hosts,we turned our attentionto the
layered diacetyleneproblem. The pyridine-substituted
diacetyleneshown in Fig. 4 was preparedand co-
crystallized with the urea of glycine?* The resulting
host—guesstructureformed layers in accordancewith
our design,but the detailed structuralparameteravere
somewhatoutside the ideal marginsfor a diacetylene
polymerization. The repeat distance of 4.70A was
slightly short and the critical C-1—C-4 distance,
4.12A, slightly long. Neverthelesspolymerizationdid
occurwhenthe crystalswereheatedfo producea purple
powder, a color characteristicof many diacetylene
polymers.

Figure 3. The crystal structure of the co-crystal formed from the urea of glycine and bipyridine. The urea host forms an o-
network with an intermolecular spacing of 4.64 A. This distance is imposed upon the bipyridine guest by the urea host
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Figure 4. The crystal structure of the co-crystal of the urea of glycine and a pyridine substituted diacetylene. The urea forms a
hydrogen-bonded a-network with the repeat distance of 4.70 A. This distance is imposed upon the diacetylene guest by the
urea guest. The critical C-1— C-4 intermolecular distance is 4.12 A, longer than the ideal distance for a topochemical reaction

A demonstratiorof the versatility of this methodis
shownin Fig. 5. A pyridine-substitutedireacan be co-
crystallized with a diacetylenedicarboxylicacid. The
desired layered structure is formed, but again the
structuralparameterareslightly outsidetheidealrange.
The compoundpolymerizesput only with difficulty.

The problemwith the ureasis thatthe repeatdistance
of 4.55-4.7QA is slightly too short.As mentionedabove,
the oxalamides form o-networks which are slightly
longer.Theyhavearepeatdistancecloseto 5.0A, equal
to the ideal distanceneededfor a diacetylenepolymer-
ization[Fig. 1(a)]. Co-crystallizatiorof the oxalamideof

glycinewith a bispyridyl-substitutedliacetylengFig. 6)
givesa crystalwith the diacetylenemonomerspreorga-
nizedin layerswith almostperfectagreementvith the
idealyaluesshownin Fig. 1. Theintermolecularepeats
4.97A, with the diacetylenemoleculesinclined at an
angle of 43°. The critical distance betweenthe C-4
carbon of one diacetyleneand the C-1 carbonof its
neighboris closeat 3.38A, avaluewell within theregion
wherereactivity canbe expected.

At room temperaturéheseoxalamidecrystalsslowly
polymerizecrystal-to-crystato give the desireddiacety-
lene polymer in the form of a single crystal. Thermal

Figure 5. In this crystal structure of the host, guest substituents of the molecules in Fig.4 have been reversed. The pyridine-
substituted urea forms an a-network with repeat distance of 4.63 A. The critical C-1— C-4 distance is 4.33 A, longer than

desirable for polymerization
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Figure 6. On the left, the crystal structure of the co-crystal formed from the oxalamide of glycine with a bis-pyridyl substituted
diacetylene shows a repeat distance of 4.97 A. The critical distance between the C-4 of one diacetylene and the C-1 carbon of
the next molecule is only 3.38 A. Under mild thermal annealing conditions the crystals undergo a clean crystal-to-crystal
polymerization to give the diacetylene polymer as shown in the crystal structure on the right

annealingatonly slightly elevatedemperaturesicreases
the rate of conversion.The polymer crystalsoccur as
needleswith highly anisotropicoptical propertiesper-
pendicularto thelong axisof thecrystal.In onedirection
they havea very deepred color with a metallic golden
sheen;in the perpendiculadirectionthey are colorless.
This anisotropyis due to the fact that all the poly-
diacetylenechainsare not just parallel but are also co-
planar,a naturalconsequencef our layer design.

The significanceof this diacetylenepolymerizationis
thatit demonstratea way to bring abouta topochemical
polymerization by design. We used our accumulated
knowledgeof supramoleculachemistryto designand
synthesizea host—guessystemin which the diacetylene
monomerswere broughtinto layers, preorganizedn a
preciselydefinedmannerPreviousstudiesof diacetylene
polymerizatiorrelieduponstudiesof singlemoleculesA
given diacetylenewill eithercrystallizewith the proper
preorganizationor it will not. There is little that the
chemistcandoto changehecrystallizationpreferencef
a single molecule.However,with a host—guesstrategy
onecanengineethe hostto fine-tunethe environmenof
the guest.

TOPOCHEMICAL TRIACETYLENE
POLYMERIZATION BY DESIGN

The conjugatedpolymershave attractedthe interestof
materials science becauseof their useful optical and
electricalproperties Polyacetylenepolydiacetyleneand
polytriacetyleneare the simplest known linearly con-
jugatedpolymers.However,in contrastto polyacetylene
and polydiacetylene,polytriacetylene has never been
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preparedby the direct polymerization of triacetylene
monomersBecause successful,6-polymerizatiorof a
triacetylene requires significant organization of the
triacetylene molecules,we consideredthis reaction a
significant test of our supramoleculaisynthetic strate-
gies??

Unsuccessfuattemptsto accomplishthis polymeriza-
tion werereportedby Wegnerandco-workersasearlyas
1973, soon after the remarkable discovery of the
topochemicallycontrolled 1,4-polymerizationof diace-
tylenes®® At this time the supramolecularequirements
for polymerizatiorwererecognizedin 1994,Enkelmann
summarizedtherunsuccessfuhttemptsat 1,6-polymer-
ization of triacetylenesand provided a more complete
analysis of the criteria necessaryfor a successful
polymerization® As shownin Fig. 1(b), the preorgani-
zation requirementsare a intermolecular monomer
spacing of about 7.4A with a 28 tilt of the linear
triacetylene relative to the translation axis. These
requirementseemratherextremeandit is perhapsnot
surprising that no triacetylene has been found that
crystallizesin sucha mannerfortuitously.

The designandsynthesiof a systemthat would meet
thesepreorganizatiorcriteria would servea significant
test of our supramolecularsynthetic abilities. As we
approachedhe problem,we recognizedhatthe focusof
our designshouldbe on not thetriacetylene put the host
molecule. The most critical structural parameterto
control is the required simple translation distance of
about7.4A sinceclosepackingof the triacetyleneswill
producethe required28° tilt angle.

Model building (Macromodelversion 6.2 using the
MM2 force field was usedin modeling calculation§®
suggestedthat the 2,5-diaminoquinoneswould self-

J. Phys.Org. Chem.2000;13: 850-857
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assemblevia simple translation to give the desired
molecular repeat (7.4 A). This was confirmed by
experiment. The glycine ethyl ester derivative of
benzoquinoneR = CH,CO,C,Hs, was preparedand a
single-crystal x-ray structure confirmed that it self-
assembledvith a molecularrepeatof 7.54A (Fig. 7).
Unfortunately, as a class, the diaminoquinonesare
extremely insoluble and are therefore not ideal host
molecules.lt is very difficult to preparea co-crystalof
two differentmoleculesf onehasa very low solubility.
After havingproblemswith the 2,5-diaminoquinones,
we turned to a simpler system,the cyclic vinylogous
amidesThesemoleculesarerelatively easyto synthesize
andtheyhavegoodsolubilitiesin commonsolventsThe
problemis thattheprojectechydrogen-bonded-network
is basedon an unsymmetricmolecule with only one
hydrogenbond and not two asis the casein all of our
previouslyusedhostmolecules Host networksbasedon
symmetricaimoleculeswith two hydrogerbondslike the
ureas, the oxalamidesand the 2,5-diaminoquinones,
naturally are coplanar and generally form simple
translationallyrelatedone-dimensionat-networks With
only one hydrogenbond, there is no expectationfor
neighboring moleculesin a network to self-assemble
using simple translational symmetry, nor is there an
expectation that they will form coplanar networks.
Inspectionof the CambridgeStructuralDatabas€CSD)
confirmedour fears. Among the six simple vinylogous

O a2
O T —2Z,
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Figure 7. The crystal structure of the glycine ethyl ester
derivative of benzoquinone shows that the molecules have
self-assembled to give an intermolecular repeat distance of
7.54 A

amide derivatives reported in the CSD, only one
assemblediia simple translation(the derivative,with a
menitrophenylsubstituenbnnitrogen displayedasimple
translationaldistanceof 7.313A,%°). The other formed
hydrogen-bondedetworksusing the anticipatedhydro-
gen-bonded motif, but neighboring molecules were
relatedby a glide plane or screwaxis. Thesetypes of
symmetrydoublethe crystallographiaepeatdistanceto
anundesirablel4—-15A. Despitethesediscouraginglata,
we proceededvith our planbasedn theassumptiorthat
a good host—guestdesign would still lead us to our
desiredstructure In particular,we realizedthatalthough
a single vinylogous host molecule can form only one
amide hydrogen bond, the designed2:1 host—guest
assembliesf moleculeswvould havetwo hostmolecules
andthuscouldform two amidehydrogenbonds,making
it more likely that the moleculeswould assemblevia
simpletranslation.

Having settled on the vinylogous amidesas a host
family, we still neededto identify a specific host

0
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molecule.We synthesizeda numberof candidatemol-
ecules,1 and2 beingrepresentativexamples.

Attemptsto grow test co-crystalsof moleculel with
bipyridine provedto be difficult becauseof the relative
solubilitiesof thetwo moleculessowe turnedto pyridine
derivative2. The 2:1 co-crystalsof 2 with succinicacid
(Fig. 8) and adipic acid were successfulwith the
moleculesassemblingin accordancewith our design.
Encouragedby theseresults, we turned to the actual
triacetyleneexperiment.

Thesymmetricatriacetylenediacid3 wassynthesized.

A 2:1 methanolsolution of the host pyridine 2 and the
triacetylene3 wasallowedto evaporateslowly, yielding
pale red crystals. X-ray diffraction revealedthat the
moleculeshad indeedco-crystallizedin a 2:1 ratio and
had assembledn accordancewith our design(Fig. 9).
Equivalent moleculesin the a-network were related
simple translation at a distance of 7.143(2)A. The
triacetylenecorewastilted anangleof 29.2 with respect
to thetranslationadirection. This bringsthe triacetylene
functionalitiesinto vanderWaalscontactwith thecrucial

Figure 8. The crystal structure of the 2:1 co-crystal of
vinylogous amide 2 with succinic acid. The intermolecular
spacing is 7.19 A

non-bondedC-1 to C-6 at 3.487(2),&. Overall these
valuesarein remarkablygood agreementvith the ideal
valuesoutlinedin Fig. 1.

Since the crystals showed a close van der Waals
contact between the anticipated reaction centers, it
seemedhatwe shouldbeableto induceapolymerization

Figure 9. The pyridine host 2 and the triacetylenedicarboxylic acid guest 3 were co-crystallized to yield the crystal structure
shown on the left. The intermolecular repeat distance is 7.143 A with a 29.2° tilt of the triacetylene core with respect to the
translation axis. This brings the key C-6 of one triacetylene molecule in to close (3.487 A) contact with the C-1 carbon of its
neighbor. Upon y irradiation the molecules polymerize to give the polymer structure shown on the right

Copyright0 2000JohnWiley & Sons,Ltd.
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reaction. However, no significant polymerization was
observedvhenthecrystalswereheatedat 109°C for 72h
or irradiatedfor 72h with a Hanovia550W medium-
pressuraemercurylamp.Following thesenegativeexperi-
ments, we turned to a higher energy source, ®°Co 7-
radiation(they-ray sourceusedhadanoutputof 0.8 Mrad
h~' and was located at BrookhavenNational Labora-
tories, Upton, NY, USA). Exposureof the host—guest
crystalsto about8 Mrad of y-raysresultedin a dramatic
changeto a deep red color. X-ray crystallography
revealedthat the polymerizationwas taking place and
thattheirradiatedcrystalsconsistedf a solid solutionof
the original triacetylene monomersand the resultant
polytriacetylenepolymer (Fig. 9). The y-irradiation of a
single crystal was continuedin stageswith a complete
x-ray diffraction data set collected at eachstage.The
polymerizationwasfoundto continueto occurapproxi-
mately linearly with irradiation time. After 40 Mrad of
radiation,with the crystalspolymerizedto about70%, a
phasechangeoccursin the crystalsto an amorphous
‘glassy’ statethatno longergivesusefuldiffraction data.

Thesstructureof theresultingpolymeris shownin Fig.
9. The moleculenetworksare alignedwith the a axis of
the triclinic unit cell. In a fresh monomercrystal this
distanceis 7.143(2)A. As the polymerizationproceeds
the axis lengthensin proportion,but only slightly. The
highestobservedvalue of 7.210(6)A was for a crystal
polymerizedto anextentof 70%. Singethis valueis still
considerableshorter than the 7.4A repeat distance
predictedfor the polymer, it is likely that strain may
build up in the crystalsasthe polymerizationproceeds.
Onecanhypothesizehatthis strainis responsibldor the
phasechangeto an amorphousstatethat takesplaceas
the polymerizationproceeddeyond70%. Perhaps host
that would give a slightly longer spacingwould give
crystalsthat would polymerizemorereadily.

Theresultingtriacetylenepolymeris a polycarboxylic
acidandis solublein sodiumhydroxide.lts physicaland
chemicalpropertieshave beendiscussecelsewhereand
are under further investigation. Most significantly, in
agreementvith earlierobservationdy Deiderichandco-
workers, the triacetylene polymer seemsto be fairly
stable.Furtherstudiesof this andotherpolytriacetylenes
as candidatedor advancedmaterialsmay prove to be
rewarding.

CONCLUSION

We have demonstratedthe successfulapplication of
supramoleculachemistryto two significantproblemsin
syntheticchemistry.We haveshownthat we now know
enough about intermolecular interactions to design
supramoleculastructureswith a reasonablexpectation
thatwe will beablesuccessfullyto carryouttherequired
synthesesThe work is a part of the naturalevolution of

Copyright[d 2000JohnWiley & Sons,Ltd.

syntheticchemistryfrom the molecularto the supramol-
ecularlevel.

Acknowledgements
We thank the many studentswho carried out the work

describedin this paper.Financial supportfor this work
hascomefrom the National ScienceFoundation.

REFERENCES

-

. DiederichF. In ModernAcetyleneChemistry StangPJ,Diederich
F (eds).VCH: Weinheim,1995;443-471.

. BunzHF. Angew.Chem. Intl. Ed. Engl. 1994;33: 1073-1076.

. DiederichF, GobbiL. TopicsCurr. Chem.1999;201 43-79.

. SchenningAPHJ, Martin RE, Ito M, Diederich F, Boudon C,
Gisselbrechd-P,GrossM. J. Chem.Soc.,Chem.Commum1998;
1013-1014.

5. Martin RE, Gubler U, Boudon C, Gramlich V, BosshardC,
Gisselbrecht-P,GunterP, GrossM, DiederichF. Chem.Eur. J.
1997;3: 1505-1512.

6. SchreiberM, Tykwinski RR, DiederichF, SpreiterR, GublerU,
Bosshad C, Poberaj, GuntherP,BoudonC. Adv.Mater.1997;9:
339-343.

7. Nierengarta JF, HerrmannA, Tykwinski RR, RuettimannM,
DiederichF. Helv. Chim. Acta 1997;80: 293-316.

8. SchreiberM, Anthony J, Diederich F, Spahr ME, NesperR,
HubrichM, BommeliF, DegiorgiL, WachterP. Adv.Mater.1994;
6: 786-790.

9. Boldi AM, Anthony J, Gramlich V, Knobler CB, Boudon C,
Gisselbrechtl-P,BrossM, DiederichF. Helv. Chim. Acta 1995;
78 779-796.

10. AnthonyJ, Boldi AM, RubinY, Hobi M, GramlichV, KnoblerCB,
SeilerP, DiederichF. Helv. Chim. Acta 1995;78: 13—-45.

11. AnthonyJ, BoudonC, DiederichF, Gisselbrechd-P,GramlichV,
GrossM, Hobi M, Seiler P. Angew.Chem.,Int. Ed. Engl. 1994;
106: 794-798.

12. NiergartenJ-F,Guillon D, Heinrich B, Nicoud J-F.J. Chem.Soc.,
Chem.Communl1997;1233-1234.

13. Anthony J, BoudonC, DiederichF, Gisselbrechd-P,GramlichV,
GrossM, Hobi M, SeilerP.Angew.Chem.|nt. Ed.Engl.1994;33:
763-766.

14. Martin RE, Mé&der T, DiederichF. Angew.Chem.Int. Ed. Engl.
1999;38: 817-820.

15. BaughmarRH, YeeKC. J. Polym.Sci.: Macromol.Rev.1978;13:
219-239.

16. EnkelmannV. Chem.Mater. 1994;6: 1337-1340.

17. SarkarA, OkadaS, MatsuzawaH, MatsudaH, NakanishiH, J.
Mater. Chem.2000;10: 819-828.

18. ZhaoXQ, ChangYL, Fowler FW, LauherJW.J. Am.Chem.Soc.
1990;112 6627-6634.

19. ChangYL, West,MA, FowlerFW, LauherJW.J. Am.Chem.Soc.
1993;115 5991-6000.

20. Coe S, Kane J, NguyenT, Toledo L, Wininger E, Fowler FW,
Lauha JW.J. Am.Chem.S0c.1997;119 86-93.

21.Kane JJ, Liao R-F, LauherJW, Fowler FW. J. Am. Chem.Soc.
1995;117: 12003-12004.

22. Xiao J, YangM. LauherJW, Fowler FW. Angew.Chem. Int. Ed.
Engl. 2000;39: 2132—-2135.

23. Kiji J, KaiserJ, WegnerG, SchulzRC. Polymer1973;14: 433-
4309.

24. MohamadiF, RichardsNBG, GuidaWC, LiskampR, Lipton M,
CaufieldC, ChangG, HendricksonrT, Still WC. J. Comput.Chem.
1990;11: 440-467.

25. HuangK-S, Britton D, EtterMC. ActaCrystallogr.,Sect.C. 1995;

51: 1661-1664.

AOWN

J. Phys.Org. Chem.2000;13: 850-857



