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ABSTRACT: The Diels—Alder cycloaddition copolymerization of a bis(diene) with ionizable bis(dienoptitea)

cation radical mechanism has been accomplished using tris(4-bromophenyl)aminium hexachloroantimonate as a
catalyst in dichloromethane solvent. The reactions occur@tahd yield Diels—Alder polymers d¥ly, up to ca.

10,000 and a polydispersity indes. 2. 0 1998 John Wiley & Sons, Ltd.
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INTRODUCTION dienophile functionalities. Further, several bis(dieno-

phile) monomers were already available from a previous
Addition polymerization is well known to occuvia study of cation radical poly(cyclobutanatichPrevious
radical, anionic and cationic mechanisfrisyt only very  research had suggested that cation radical Diels—Alder
recently has polymerizationia reactive cation radical reactions generally occur more efficiently when the
intermediates been demonstratecEspecially novel reactive cation radical is the ionized dienopHile.
aspects of this new polymerization mechanism are its Consequently, a bis(dienophiled, was selected which
propensity for cycloaddition and its apparent preference was known to be readily ionizable " (Scheme 2),
for non-vinyl (e.g. propenyl) monomers. The cation while the preferred bis(diene}, was known to be
radical cycloaddition polymerization of the dipropenyl resistant to ionization by2*". Finally, propenyl rather
monomerl (Scheme 1), e.g. initiated by the stable cation than vinyl moieties were selected for the dienophile
radical salt tris(4-bromophenyl)aminium hexachloroanti- functionality because terminal methyl groups sharply
monate 2"°), has been shown to proceeth a cation enhance the ionizability of the alkene functions and
radical chain mechanism to afford the novel macro- because they also tend to suppress the acid-catalyzed side
molecule cyclobutapolyl). In recent years, a variety of reactions which sometimes compete with the cation
cation radical cycloaddition reaction types have been radical reactions when unsubstituted vinyl groups are
explored in these and other laboratorieEhese include  present. The bis(dienophile) comonongewas readily
cyclobutanation, Diels—Alder cycloaddition and cyclo- prepared from diphenyl ether in three steps, while the
propanation. The present paper describes the developbis(diene) comonome¥was obtained from 5-bromo-1,3-
ment of cation radical Diels—Alder cycloaddition as a pentadienevia copper catalyzed coupling of the corre-
novel approach to polymerization. sponding Grignard reagent.

RESULTS AND DISCUSSION Copolymerization of 3 and 4

Both homopolymerization and copolymerization formats A dichloromethane solution of comonome3g0.04m)

are potentially available for Diels—Alder cycloaddition and4 (1.1-fold excess) was subjected to cation radical
polymerization. The copolymerization format was se- Diels—Alder copolymerization at @€ by adding 2™
lected for this initial study because it appeared that the (30 mol%) dropwise over a period of 10 mins. The
synthesis of symmetrical bis(diene) and bis(dienophile) reaction was quenched after 20 min by adding excess
comonomers might be more facile than the synthesis of methanolic potassium carbonate, followed by the addi-
unsymmetrical monomers containing both diene and tion of water and methylene chloride and separation of
. . N L Baud b Cen . the organic phase. Alumina chromatography yielded a
*Correspondence to:N. L. Bauld, epartment o emist an 0, indM. = I I
Biocherﬁistry, University of Texas, AusF;in, Texas 78712, USIX. &ﬂg?i;gé /g)f hZé\]/_I.n%/lt\rA(jctﬁ?jo(?haa?gc?ef')igla)_/t?(;snp%rfsI;?]/e
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number:CHE-9610227. polymer was achieved by comparing tHél NMR

00 1998 John Wiley & Sons, Ltd. CCC 0894-3230/98/110825-06 $17.50



826 N. L. BAULD ETAL.

1

+ —_ +
AraN* SbClg (2%)
CH,Cly

Lo

cyclobutapoly (1)

Scheme 1

RS
+
o / . = 2
/ CH,Clp, 0°C
3 =
x
4

bis(dienophile)
Eox 1.42

bis(diens)
Eox 1.7

Diels-Alder Copoly (3,4)

Scheme 2

spectrunmof the polymerwith thatof a modelcompound
(5; Scheme3) preparedby the aminium salt (2"°)-
catalyzedDiels—Alder reactionof 3 with 2 mol of (E)-
1,3-pentadieneThe *H NMR spectraof the model
compound5 and the polymer are virtually superimpo-
sableandconsistof cyclohexendype protons(é 4.9 and
5.05), benzylic methine protons (6 2.7), non-benzylic
methineprotons(é 1.7), methyleneprotons(é 2.2—-2.0)
andmethyldoubletq6 0.9).In particular theexistenceof
cyclobutandinkageswhich could haveresultedfrom the
homopolymerizdon of 3 or from the incorporationof
two or more consecutivemoleculesof monomer3 into
the polymer chainin substantialamountscan be ruled
out. Such cyclobutanelinkages are known to exhibit
absorptionsat 6 1.2, correspondingto methyl groups
attachedo acyclobutaneing. ThecationradicalDiels—
Alder reactionsof variousdienophilesincluding trans
anetholea dienophilewhich is structurallyvery similar
to 3 are regiospecificand stereospecificConsequently,

P + CHgy Ha
- 2t
CHxCl, 10, R
~ B-0—z5°
CHj CH.
5
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& -

Scheme 3
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thecopolymerizatiorof 3 and4 is consideredo beregio-
and stereospecificHowever,sincecationradical Diels—
Alder cycloadditionsare not highly endodiastereoselec-
tive, especiallywhere acyclic dienesare involved, the
presentpolymer structureis not completelytactic, but
occurswith the ethanobridgescis andtransto the aryl
substituenton the cyclohexenering as indicatedin the
structureof copoly-@3,4).

The bis(dienophile) comonomerl, an even closer
analogueof trans-anethole,was also examined. This
monomer has previously been observedto undergo
especiallyfacile cation radical cyclobutanehomopoly-
merization? In the presenceof a slight excessof the
bis(diene) 4, copolymerizatio again occurs to form
exclusively the Diels—Alder copolymer (75% yield of
chromatographegolymer) of My, = 2520anda PDI of
2.3. Interestingly,whereasl undergoeshomopolymer-
ization muchmoreefficiently thandoes3, the latteris a
significantly more effective partnerfor 4 in copolymer-
ization.

Mechanistic considerations

The observatiorthatalternatingDiels—Aldercopolymer-
ization of 3 with 4 andof 1 with 4 dominatesover the
cyclobutandCB) homopolymerizatiomf 3 or 1 indicates
that the Diels—Alder addition of 3** and 1** to 4 is
substantiallyfasterthanthe competingadditionsof these
same cation radicals to neutral 3 or 1. While this
circumstancevasobviouslynotunexpectedt shouldnot
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necessarilybe consideredto imply a strong inherent
preferencefor DA over CB cycloaddition.In fact, both
CB and DA cycloadditionsof cation radicalsare well
knownto be extremelyfacile, andinstancesvhenthese
two reactionmodesare competitivearenow familiar. It
appearsnuchmorelikely thatthe preferencdor addition
to 4 asopposedo 3 (or 1) is baseduponthe now well
established steric preference of cation radicals for
additionto anunsubstituteclkene(vinyl) terminusover
addiltion to a monosubstitutecilkene (propenyl) termi-
nus.

The significantlylower molecularweightsobservedn
these DA colypolymerizationsthan in previously ob-

CH CH3

”, + o
O 0CHCH0—8"

= =

served CB homopolymerizations(e.g. 1) is also of
mechanistic interest. An inspection of the detailed
mechanismof copolymerization(Scheme4) revealsa
major obstacleto the crucial intramoleculatole transfer
reaction(step4 of Schemet), which is requiredin order
for the polymerizationto propagateasa chainreaction.
The reaction of 3*" with 4 is expectedto proceed
efficiently to the 1:1 adductcationradical 6" (Scheme
4). The cationradical moiety in this adductis expected
initially to resideon thatfunctionality in directconjuga-
tion with the pericyclic (DA) transition statewhich is
mostreadilyionizable.Thetwo logical candidatesrethe
cyclohexenedouble bond and the 4-propenylphenoxy-

, o
"0~ 0CH,CH0—ZF

Scheme 5
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phenylfunction, andthe obviouspreferencen termsof

ionizability is the latter function. Reactionof 6*" with 4

canthenproceedlirectly to the 2:1 adductcationradical
7*. At this point, however,significant problemswith

continuing the chain propagation process become
evident. First, hole transfer from the diphenyl ether
function of 7" to the dienefunction of 7" is required
for further chain propagation.This hole transferis not
obviously exergonic and may therefore be relatively
slow. Intermoleculaholetransferfrom 7" to the neutral
triarylamine 2 or to the monomer,in contrast,is highly

exergonicand may resultin the preferentialneutraliza-
tion of 77 (step5). The net resultis that a potentially
relatively efficient chain growth polymerization is

converted,at least partially, into a less efficient step
growth process.

A secondpotentialproblemwith propagatiorfrom the
2:1 adductcation radical is that evenif intramolecular
holetransferwereto occur,affording7 ", thereactionof
thisdienecationradicalwith neutral3 is notof thetypeto
be preferredin most cation radical DA cycloadditions
(i.e. dienophilecationradical/neutradiene).In fact 7+
is unlikely to reactwith 3 to yield a DA adductat all,
since it should be formed preferentiallyin the strans
conformationandwould be unableto generatehe s-cis
dienecationradicalrequiredfor DA reaction.

The evenfurther diminishedefficiencyof DA copoly-
merizationof 1 with 4 canbe readily understoocn the
samebasis.Since 1l hasan oxidation potentialwhich is
about0.1V lessthanthatof 3, it is not unreasonabléo
assumehatthe holetransferfrom 8" (Schemes) to the
dienemoietyis evenlessenergeticallyfavorablethanthat
in 7*°. This proposals furthersupportedy viewing 7+*
as a benzene-typecation radical having a stabilizing
phenoxysubstituentwhile 8" is a benzene-typeation
radicalhavinga stabilizingalkoxy substituentSincethe
* valueof methoxy(—0.78)is muchmorenegativethan
thatof phenoxy(—0.50),thecationradicalmoietyshould
be more stabilizedin 8" thanin 7"". This view is
supportedby the substantiallylower oxidation potential
of 1than3"":Egx(1) = 1.327,Eox(3) = 1.424V vs SCE.
Henceit doesnot appearthat the delocalizationof the
cationradicalmoiety overthe secondphenylring in 3"
providesgreaterstabilizationthan that availablein 17".
Consequentlyhole transferto give 8" shouldbe ener-
getically evenlessfavorablethanfrom 7% to give 7.

Evidencehas previously beenpresentedhat the CB
homopolymeriziion of 1 occursvia a chain growth
processat leastin the first and most efficient stageof
reaction It is thereforeexpectedif DA copolymerization
is constrainedo proceedvia stepgrowth,thatthis type of
polymerizationwill be less efficient. The PDIs of the
presentlyobservedDA copolymerizationsbeingca 2 at
essentially 100% monomer conversion, are in good
accordwith the proposalof a stepgrowth mechanism.

0 1998JohnWiley & Sons,Ltd.

Cation radical Diels-Alder homopolymerization

The clear implication of the precedinganalysisis that

cationradicalDA homopolymerizion shouldbeamuch

moreefficientprocesghancopolymerizationin thecase
of the polymerizatiorof amonomemhichhasbothdiene
andionizabledienophilefunctionalities,a readily ioniz-

abledienophilicmoiety is availablein eachpropagation
step to facilitate intramolecular hole transfer. This

conceptis currentlybeinginvestigated.

CONCLUSIONS

ThecationradicalDiels—Aldercopolymerization®f two
ionizable difunctionaldienophilesvith a simple,acyclic
bis(diene)have beendemonstratedThe resulting poly-
mersareof modesimoleculamweight(M, = 10000in the
bestinstance).TheseDiels—Alder polymerizationsthus
appearto be substantiallyless efficient than the cation
radical homocyclobutanatiorpolymerizationsof ioniz-
able bis(dienophiles).Neverthelessthe rections occur
under very mild conditions (0°C) and are regio- and
stereospecificThe reactionsappearto occur by a step
growth mechanism(PDIl = 2), rather than the more
efficient cation radical chain mechanismproposedfor
poly(cyclobutanatiop The apparentsuppressiorof the
chainmechanismis viewedasan inherentproblemwith
the copolymerizationformat of cation radical Diels—
Alder polymerization.

EXPERIMENTAL

Reagents. Dried solventswere obtainedby distillation
undernitrogenimmediatelyprior to use.Reagent-grade
dichloromethaneand acetonitrile were distilled from
phosphorus pentoxide. Pyridine was distilled from
potassiunhydroxide.Tetrahydrofuraf THF) anddiethyl
ether(Et,O) weredistilled from abluesolutionof sodium
(or potassium)and benzophenoneAll other reagents
were used as received unless specified otherwise.
Alumina (neutral) TLC platesand aluminapreparative-
scaleTLC (PTLC) plates(Analtech,1.5mm layerthick-
ness)were washedwith a 1:1 solution of ethyl acetate
(EtOAc) anddichloromethanethendried in an ovenat
110°C prior to use.Reagent-graddithium perchlorate
usedfor electrochemistywasdried by heatingat 180°C
for 24h underan N, purge and storedin a desiccator
containingDrierite. All moisture-sensitie reactionsvere
carried out in oven-dried glasswarewhich had been
flushedwith dry nitrogen.All organicproductsolutions
were dried over magnesium sulfate unless idicated
otherwise.

Analysis. Room temperature'H NMR and **C NMR
spectrawererecordedon a Bruker AC 250 spectrometer
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as solutionsin CDCl; at 55°C. Solid-state*C NMR
spectrawere recordedon a ChemagenticsCMX-300
spectrometeras fine powders. Chemical shifts are
reportedin parts per million (ppm) downfield from a
tetramethylsilanéTMS) reference Splitting patternsare
designatedasfollows: s, singlet;d, doublet;t, triplet; g,
quartet;m, multiplet; dd, doubletof doublets;dt, doublet
of triplets; dq, doubletof quartets;br, broad. Solution-
state'H and **C and solid-state'>C NMR spectraof
polymer samplesgave broad signals with little fine
structure sochemicalshiftsof suchsamplesarereported
as the mid-point of the broad signals. Gas chromato-
graphic (GC) analyseswere performed on a Varian
Model 3700 chromatographequipped with a flame
ionization detectorand a DB-1 capillary column (J&W
Scientific, 15m x 0.25mm i.d., 1mm film thickness)
using helium as a carrier gas. Low-resolution mass
spectra(LRMS) were obtainedon a Hewlett-Packard
Model 5890 gas chromatograplrequippedwith a DB-1
capillary column (15m x 0.25mm i.d., 1mm film
thickness)and a Model 5971A massselectivedetector.
Low-resolutionchemicalionizationmassspectrg CIMS)
wererecordedon a FiniganMAT TSQ-70massspectro-
meter. High-resolution mass spectra (HRMS) were
recordedon a DuPont (CED) 21-110B massspectro-
meter. Cyclic voltammetric (CV) measurementsvere
performed using a BAS Model 100 electrochemical
analyzerat a scanrate of 100mV~'s. The CV measure-
mentswerecarriedoutusingadividedcell equippedvith
a platinum disk working electrode (anode) and a
reticulatedvitreous carbon counter electrode(cathode)
attachedto copperwire which was separatedrom the
working electrodeby a glassfrit. AnAg/Ag™ reference
electrodgsilverwire immersedn anacetonitrilesolution
0.1m in AgNO3 and LiCIOy), calibratedagainstferro-
cene/ferroceng, was placedin the anodecompartment
andseparatedrom the bulk solutionby a Vycor frit. The
peak oxidation potential (Epox) measurementsvs
Ag/Ag" were convertedto vs SCE by adding0.3V to
eachvalue.A blank CV traceof the electrolytesolution
was recorded prior to analyzing the substrate.The
substratevasthenaddedto the cell asa solutionin the
electrolyte(concentratiorca4 mm) andits CV response
recorded.Gel permeationchromatography(GPC) was
carried out in dichloromethaneor THF (1 ml min™)
usinga WatersModel 550HPLC pump,a WatersModel
410 differential refractometerand a WatersModel 745
data module with an Ultrastyragel 500A column
connectedn serieswith a pStyragel10* A column.The
GPC analyses were calibrated with a polystyrene
standard UV-visible spectrawere takenon a Hewlett-
PackardModel 845A spectrophotonter. Fourier trans-
forminfrared(FT-IR) spectravererecordecon aNicolet
205FT-IR spectrometeusingpolystyreneasa standard.
Liquid sampleswere run as thin films betweenNacCl
plates. Solid sampleswere run as thin films on NaCl
plates(generatedby evaporationof a dichloromethane
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solution on the plate) or as solutionsin CCl, using an
NaCl solutioncell. Melting-pointsweredeterminecbn a
Mel-Temp capillary melting-point apparatusand are
uncorrected.

Bis[4-(propionyl)phenyl] ether. To adry round-bottomed
flask equippedwith a magneticstirrer, AICl; (5004,
0.38mol) was added, followed by dichloromethane
(100ml). After lowering the temperatureof the reaction
to —20°C (by mean®f adry-ice—acetonbath,a solution
of diphenylether(25.6g, 0.15mol) in dichloromethane
(40ml) was added slowly. A 1:1 (v/v) solution of
propionylchloride(41.6g, 0.45mol) in dichloromethane
wasthenaddeddropwiseover a periodof 15min. After
the additionwascomplete the dry-ice—acetondathwas
replacedwith anice bath,andthe reactionmixture was
stirredfor anadditional3 h, thencarefully pouredinto a
separatingfunnel containing crushedice. The aqueous
layer was separatedand extractedtwice with dichloro-
methane(2 x 100ml). The combineddichloromethane
layerswerewashedvith water(500ml), saturatecgqueos
NaHCG; (2 x 500ml) and water (2 x 500ml) prior to
drying (MgSQ,) and solvent removal by a rotary
evaporator.The crude productwas recrystallizedfrom
heptane,yielding 38.1g (90%) of the pure diketone
(>95% purity, by GC): m.p. 98.5-99.8C (lit.> 100°C);
1H NMR, 6 1.2(t, 6H), 3.0(q, 4H), 7.1 (d, 4H), 8.0 (d,
4H); 1°C NMR, § 8.2,31.7.118.8,130.4,160.2,199.5;
LRMS, m/z282(M™), 271, 253,197,196, 139,120,92
(base);HRMS, m/z calculatedfor C,gH1g03 282.1256;
found282.1261.

Bis[4-(1-hydroxypropyl)phenyl] ether. The diketonepre-
paredin the previousprocedurg2028g, 0.072mol) was
dissolvedin 200ml of a 3:1 solution of ethanol-THF,
followed by the additionof 5.44g (0.14mol) of sodium
borohydride. After 1.5h at room temperature,the
reaction was quenchedwith 10% acetic acid at 0°C.

The quenchedolutionwasthenextractedwith dichloro-
methane(3 x 100ml) and the combinedextractswere
washedwith aqueousNaHCO; (2 x 100ml) and water
(2 x 100ml), prior to drying (MgSQ,) and solvent
removal (rotary evaporator). The oily product diol

(20.5g, 99.7%) was used without further purification:
1HNMR, 6 0.9(t, 6H), 1.6—1.9(m, 4H), 2.6 (s, 2H), 4.5
(t, 2H), 6.9(d, 4H), 7.2 (d, 4H); **C NMR, 6§ 10.2,31.9.
75.4,118.6,127.4,139.5,156.5; IR (OH), 3360cm *;

LRMS, m/z286 (M ™), 254,250,115 (base)HRMS, m/z
calculatedfor C;gH,,05 286.1569;found 286.1576.

Bis[4-(1-propenyl)phenyl ether. To a solutionof the diol
obtainedin the previousprocedurg6.31g, 0.022mol) in
pyridine (25 ml) wasaddeda slightexcesf phosphorus
oxytrichloride (7.5 g) at roomtemperatureThe reaction
mixture wasrefluxedfor 2 h, thencooledin anice bath.
Water was then added slowly to quenchany excess
POCE. The quenchedreactionmixture was then trans-
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ferred to a separatingfunnel, washedwith water and
dried (MgSQy) prior to solventremoval(rotary evapora-
tor). The crude product (3) was subjectedto column
chromatography(9:1 hexane—ethylacetate), yielding

3.969 (72%) of 3 which was99% pure but consistedf

an 87:11:2 mixture of the E,E-, E,Z- and Z,Z-isomers,
respectively of 3: m.p. 117-119C; Amax 270nm, log ¢

2.24:"H NMR, 6 1.9 (t, 6H), 6.1 (dq, 2H, Jyans= 15.8),
6.4 (d, 2H, Jyans=15.8),6.9 (d, 4H), 7.4 (d, 4H); *3C

NMR, §18.4,118.8,124.7,130.2,137.2,156.1;IR (C=C)

1590; LRMS, m/z 250 (M™"), 207, 179, 165. 133. 115
(base)91; HRMS, m/zcalculatedor C,gH1g0 250.1358;
found 250.1369:E,°* 1.36 V.

(E,E)-1,3,7,9-Decatetraene (4). A dry 500ml round-
bottomedflask equippedwith a reflux condenserstirrer,
nitrogeninlet and addition funnel was placedin anice
bath and 200ml of 1.0m vinylmagnesiumbromide in
THF were added.A solution of 13ml (0.19mol) of
freshly distilled 2-propenalin 20ml of THF was then
addeddropwise.Thereactionwasstirredfor 2 h afterthe
additionwas complete.The reactionwasthenquenched
by the addition of saturatedNaHCQ;. The layerswere
separatedand the aqueouslayer was extracted with
pentane(3 x 100ml). The combined organic extracts
were dried (MgSQ,) and the solvent removed (rotary
evaporator). Distillation gave 8.1g (50%) of 1,4-
pentadiene-3-ol:b.p. 115-120C. The crude alcohol
was placedin a 250ml round-bottomediask equipped
with a stirrer,ice bathandadditionfunnel. With stirring,
25ml of 48% HBr were addedslowly and the reaction
was allowed to stir overnight. Once the reaction was
complete,the aqueoussolution was addedwith Et,O
(3 x 100ml). The combined ethereal solutions were
dried andthe solventwasremoved Distillation afforded
pure 1-bromo-2,4-petadiene(43% yield, b.p. 28-32°C
at50 Torr).

Finally, adry 250ml round-bottomedlask containing
2.0g (82mmol) of magnesiunand50 ml of dry THF was
placedin an ice bath and equippedwith a reflux con-
denserstirrer,nitrogeninlet andadditionfunnel. Then,a
solutionof 10g (68 mmol) of 5-bromo-1,3-petadienein
30ml of THF wasaddeddropwise After theadditionwas
completethereactionmixturewasstirredfor 3 h atroom
temperature.The Grignard solution was addedvia a
syringeto a vigorously stirred suspensiorof anhydrous
CuCl (7.3g, 75mmol) in 30ml of THF at 0°C over a
periodof 30 min. Theresultingsolutionwasfiltered and
work-up performedby addition of 5ml of 6 M HCI and
100ml of H,O. The aqueoudayer was extractedwith
Et,O and the combinedetherealsolutionswere dried.
After solventremoval,the crudeproductwaspurified by
distillation atreducedpressureo give 8.24g (75%yield)
of 4° (95% pure by GC): b.p. 68—-70°C at 39 Torr; *H
NMR, § 2.2 (t, 4H), 4.96-5.12(m, 4H), 6.65-5.79(m,
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2H), 6.0-6.1(m, 2H), 6.25-6.38(m, 2H); 1°C NMR, 6
32.2,115,131.4,134.2,137.1;LRMS, m/z 134 (M™),
119,106, 92, 79, 67 (base);HRMS, m/z calculatedfor
Ci1oH14 134.1096;found 34.110.

Copolymerization of 3 with 4 using 2* . To asolutionof

3(100mg, 0.4mmol) anda 1.1-fold excesof 4 (59 mg)
in 2ml of dichloromethanet 0°C wasaddeda solution
of 27 (0.098g, 30%)in 8 ml of dichloromethanegrop-
wise,overa periodof 10min. After 20min, thereaction
wasquenchedfollowed by the additionof water (20 ml)

and dichloromethane(20ml). The combined organic
layersweredried andthe solventwasremoved.Column
chromatographyave 124mg (82%) of polymerwhose
1H NMR spectrumwas essentiallysuperimposablen

that of the cross-adductbetween 3 and trans1,3-
pentadieneMy, = 10 800; PDI 2.1.

Copolymerization of 1 with 4 using 2.*". This
polymerizationwas performedexactly as for 3 with 4
except that 15ml of dichloromethanewere used to
dissolvel: My, = 2520;PDI 2.3.

Reaction of 3 with (E)-1,3-pentadiene. To adry, 25ml

round-bottomedlaskcontaining0.198g (0.792mmol) of

3 and 0.120g (1.77mmol) of (E)-1,3-pentadienedis-

solvedin 10ml of dichloromethaneat 0°C was added
0.052g (8.1%) of 2*". The reaction was quenched
(K,COs—CH;0OH) after 10min and worked up in the
samemanneras describedfor the polymerizationof 3.

The pure Diels—Alder adduct 5 was obtained after
chromatographyn alumina: *H NMR, 6 0.75 (d, 3H),

0.85(d, 3H), 2.2-2.4(m, 3H), 2.7 (m, 2H), 5.6 (m, 1H),

5.7(m, 1H), 6.9 (d, 2H), 7.1 (d, 2H).
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