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ABSTRACT: The reaction of phenyllithium (PhLi) withE-cinnamaldehyde (1) has been fully examined. Besides the
main productE-1,3-diphenyl-2-propen-1-ol (2), three other by-products were detected:E-cinnamyl alcohol (3), E-
chalcone (4) andE-1,3-diphenylpropanone (5). The effect of several variables on the nature and relative yields of
products was examined. In all the solvents studied, the selectivity of the reaction was higher at higher temperatures,
probably owing to aggregation effects; at lower temperatures the reaction is slower and the amount of by-products
increases. The addition is complete in 1 h at 0°C in THF for a [PhLi]:[1] ratio of 1:1, and longer reaction times have
almost no effect, while for the reaction in toluene the amount of by-products increases when the reaction mixture is
allowed to stand. The concentration of the reagents has no important effect on the reaction as long as the ratio is kept
equal to 1:1. The influence of light was examined and a marked decrease in the selectivity of the reaction was
observed. When the reaction was carried out in the presence of radical traps, no by-products were detected. Finally,
for a [PhLi]:[1] ratio of 3:1 the main product is the dihydrochalcone5, especially for long reaction times. All the
above results could be interpreted in a reaction scheme involving electron transfer from PhLi to1, and further reaction
of the radical ions formed as well as reaction of dimeric PhLi without previous deaggregation when the ratio is 3:1.
 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

It is well known that in the solid state as well as in
hydrocarbon solutions organolithium compounds are
more or less aggregated.1,2 The reactivity and in many
cases also the regio- and stereochemistry of their
reactions are strongly dependent on the solution structure
of the organolithium reagent.3 The ever-increasing
knowledge in this field is very helpful to the synthetic
chemist, since it helps to choose the right organolithium–
solvent combination more suitable for leading the
reaction to the desired synthetic goal.4 The organolithium
compound aggregates are generally dimers, tetramers and
hexamers, the degree of aggregation depending on
several factors: lower aggregation numbers are favoured
by bulkier alkyl groups, delocalization of charge, polar
solvents5 and lower temperatures.6,7

Numerous efforts have been made to uncover the
structure of PhLi in the solid state as well as in solution.
X-ray investigations have characterized the tetramer
crystallized from Et2O,8 the dimer which crystallizes
as a complex with TMEDA from the same solvent9

and the monomer stabilized through complexation
with the tridentate ligand pentamethyldiethylenetriamine
(PMDTA).10 In solution the aggregation number can be
derived from chemical shift considerations but more
clearly from the multiplicity of the13C NMR signals of
the lithiated C atom and the magnitude of the13C, 6Li
scalar spin–spin coupling. Published results11,12 lead to
the conclusion that PhLi forms a tetramer in Et2O. Only
at low concentration and in the presence of toluene are
indications of the coexistence of dimers found. From
freezing point depression values in dilute solutions at
ÿ108°C, Bauer and Seebach13 have found that PhLi in
ether varies its aggregation grade betweenn = 1.64
(0.070 M) andn = 2.17 (0.35 M), while in THFn = 1.6
for concentrations between 0.1 and 0.7 M. Schleyer and
co-workers14 have found that PhLi in THF solution exists
in a dimer–monomer equilibrium.

On the other hand, although the reactions of organo-
lithiums with carbonyl compounds are among the most
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elementarysyntheticreactions,little detailedmechanistic
information on the role of aggregationis yet available.
Yamatakaetal.15 havedemonstratedthatthereactionsof
PhLi with aromaticcarbonylcompoundsproceedvia a
mechanismin which the rate-determiningstep is an
initial electrontransfer.Themechanismof thereactionof
alkyllithiums with esters has been investigated in
cyclohexaneand benzene.16 Kaufmannand Schleyer17

reportedan ab initio examinationof the mechanismsof
model reactionsof formaldehydewith the monomers
CH3Li andLiH aswell aswith their dimers,andrecently
Nakamuraet al.18 haveshownthe importanceof open
dimers in the same reaction. The observationof an
appreciablekinetic isotopeeffect (KIE) in the reactions
of methyllithium with substitutedarylketoneshasbeen
interpretedasanindicationof a pre-equilibriumbetween
anaggregateanda reactivemonomer.19

Thispaperdescribesaninvestigationof thereactionof
PhLi with E-cinnamaldehyde(1). Theeffectsof solvent,
temperature,concentrationand [PhLi]:[1] ratio were
examinedasa contributionto elucidatingtheir influence
on themechanismsof thereactionandits usein organic
synthesis.

RESULTS AND DISCUSSION

The reactionsbetweenPhLi and E-cinnamaldehyde(1)
werecarriedout in tetrahydrofuran,tolueneandetherat
several temperaturesbetweenÿ78 and 25°C, with a
concentrationof both reagentsof 0.07M anda reaction
time of 3 h. E-1,3-Diphenyl-2-propen-1-ol (2) was the
mainreactionproduct,accompaniedby variousamounts

of the by-productsE-cinnamyl alcohol (3), E-chalcone
(4) andE-1,3-diphenylpropanone (5).

Since the variation in the distribution of the minor
productswasconsideredessentialto the purposeof this
work, andin manycasesthereproducibilitywasnotvery
good,the reactionsundereachsetof reactionconditions
wererepeatedat leastfive times.Thevaluesshownin the
tablesareaverageresults,% variation� 5%.

Table1 gathersthe resultsfor the reactionin THF at
severaltemperatures.It is shownthat productionof the
1,2-additionproduct2 is highat 0 and20°C, while at the
lower temperaturesa substantial amount of 1 was
recoveredunreactedandformationof someby-products
wasobserved.It waspreviouslyreportedthatPhLi exists
asa dimer–monomerequilibrium in THF solution14 and
that lower temperaturesfavour less aggregation,5,6 but
the high yields of 2 observedat T� 0°C would suggest
that the reactionis insensitiveto aggregationeffectsor,
more likely, that the dimer could add without previous
deaggregationas observedin some other reactionsof
BuLi.20 This observationis in agreementwith the lower
% reactionyield at ÿ78°C, which could also be partly
dueto thedecreasein thereactionrate.It is unlikely that
thetemperatureeffectwasonly dueto thehighactivation
energy,sincethe resultsat 0 and20°C arevery similar.
At these temperaturesthe addition in THF is highly
selective:only smallamountsof by-productsareformed
andverygoodyieldsof theadditionproductareobtained
with retentionof thegeometryasexpected.

When the reaction was carried out in toluene (see
Table2), lesssensitivityof the1,2-additionproductyield
to the temperaturewas observed.It is likely that in
toluenemost of the PhLi exists as a dimer at all the

Table 1. Addition of PhLi to E-cinnamaldehyde, 1, in THF at several temperatures

% Yieldsa

Temperature(°C) 2 3 4 % 1 recovered % Total reactionproducts

ÿ78 58 7 8 19 73
ÿ20 76 8 3 14 87

0 94 0 6 0 100
20 95 0 5 0 100

a Determinedby quantitativeGC analysisusingdecalinasinternalstandard.[PhLi]0 = [1]0 = 0.07M. All the reactionswerecarriedout protected
from light.
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studiedtemperaturesandthereactionwascompletein all
cases.Theproductionof by-productsis moresensitiveto
temperaturechanges:the most important by-productis
the chalcone 4, whose yield increasesslightly with
temperature,while theyieldsof thereductionproductof
1 (compound3) andtheunusualproduct5 weresmaller.
In ethyl ethersolution (Table 3) the selectivity is even
lower than in tolueneanda considerabledistributionof
productsis observed.The lower yields of 2 cannotbe
ascribedto a lower reactivity in this solvent,since the
reactionof 1 wasalmostcomplete.By-products3 and4
appearedin appreciableamounts,but no clear relation-
ship of the product distribution with temperatureis
observed.

The possible influence of concentrationwas then

examined in the three solvents at ÿ20 and 20°C.
Comparisonof [PhLi] = 0.2 M with [PhLi] = 0.07 M is
shownin Table 4. Essentiallyno effectswere detected
and again the formation of by-productswas higher in
ether.

Thereactionsof PhLi with 2 and4 in 3:1 ratioat20°C
havebeencarriedout in orderto observeif 4 and5 arethe
resultof reactionof PhLi with 2 andnot 1. The reaction
of 2 with PhLi produces79%of 5 and21%of 4, while in
thereactionwith 4 only theproductsexpectedfor the1,2-
and1,4-additionwereobtained.

The effects of variation in the time of reactionare
shownin Table5. For thereactioncarriedout in THF at
1:1 ratio no diminutionin theyield of 2 wasobservedon
exposingthe reactionmixture to longer reactiontimes:

Table 2. Addition of PhLi to E-cinnamaldehyde, 1, in toluene at several temperatures

% Yieldsa

Temperature(° C) 2 3 4 5 % 1 recovered % Total reactionproducts

ÿ78 86 5 9 0 0 100
ÿ20 85 5 9 1 0 100

0 75 0 13 8 0 96
20 81 0 13 0 0 94

a Determinedby quantitativeGC analysisusingdecalinasinternalstandard.[PhLi]0 = [1]0 = 0.07M. All the reactionswerecarriedout protected
from light.

Table 3. Addition of PhLi to E-cinnamaldehyde, 1, in ether at several temperatures

% Yieldsa

Temperature(° C) 2 3 4 5 % 1 recovered % Total reactionproducts

ÿ78 72 7 14 3 0 96
ÿ20 68 0 6 7 0 81

0 52 19 15 2 1 88
20 76 0 6 4 1 86

a Determinedby quantitativeGC analysisusingdecalinasinternalstandard.[PhLi]0 = [1]0 = 0.07M. All the reactionswerecarriedout protected
from light.

Table 4. Addition of PhLi to E-cinnamaldehyde, 1: concentration effects

[PhLi]0 = [1]0 Temperature % Yieldsa

% Total reaction
Solvent (M) (° C) 2 3 4 5 % 1 recovered products

THF 0.20 ÿ20 84 4 3 0.5 3 92
0.07 ÿ20 76 8 3 0 14 87
0.20 20 91 0 3 0 0 94
0.07 20 95 0 5 0 0 100

Toluene 0.20 ÿ20 85 2 3 3 8 93
0.07 ÿ20 86 5 9 1 0 101
0.20 20 72 2 2 0 0 76
0.07 20 81 0 13 0 0 94

Ether 0.20 ÿ20 60 0 7 11 0 78
0.07 ÿ20 68 0 6 7 0 81
0.20 20 70 5 2 3 1 80
0.07 20 76 0 6 4 1 86

a Determinedby quantitativeGCanalysisusingdecalinasinternalstandard.All thereactionswerecarriedoutprotectedfrom light; reactiontime3 h.
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only 6% of 4 appearedwhenthemixturewasallowedto
standfor 4 h. In toluenetheyield of 2 decreasedandsome
sideproductswereformedfor reactiontimeshigherthan
1 h. This seemsto indicatethat2 is partially undergoing
further reaction to produce mainly 4, its oxidation
product.

Theinfluenceof light on theselectivityof thereaction
was then examined by carrying out the reaction in
colourless flasks unprotected from light. It can be
observedin Table6 that thereis a markeddecreasedin
the selectivity of the reaction in the three solventsat
severaltemperatures.The sensitivity of the reactionto
light suggeststhat radical processesmight be involved,
especiallyin thosepathwaysleadingto by-products3 and

4. In thesecases,aswell asin thepreviousone,the[3]:[4]
ratio wasnot 1:1.

Theeffectof addedradicaltrapsat thebeginningof the
reactionin THF wasthenexamined.Two differentkinds
of experimentswerecarriedout. In thefirst casetheratio
[PhLi]:[1] was3:1, while in the seconda 1:1 ratio was
used. The known radical traps m-dinitrobenzeneand
TEMPO reactedwith PhLi under the presentreaction
conditions,while hydroquinoneandquinhydroneseemed
to be unreactiveagainstPhLi in thepresenceof 1 in the
time theadditionreactiontakesplace.Hydroquinoneand
quinhydrone were previously found to be effective
radical traps in the reaction of naphthyllithium with
CO.21,22 The resultsof the reactionin the presenceof

Table 5. Addition of PhLi to E-cinnamaldehyde, 1, at 0°C: effect of reaction time

% Yieldsa

Solvent Time (h) 2 3 4 5 % 1 recovered % Total reactionproducts

THF 1 100 0 0 0 0 100
3 94 0 0 0 0 94
4 94 0 6 0 0 100

Toluene 1 84 0 0 0 5 84
2 75 5 16 3 3 99
4 69 0 13 8 0 90

a Determinedby quantitativeGC analysisusingdecalinasinternalstandard.[PhLi]0 = [1]0 = 0.07M. All the reactionswerecarriedout protected
from light.

Table 6. Addition of PhLi to E-cinnamaldehyde, 1: effect of lighta

% Yieldsb

Solvent Temperature(°C) 2 3 4 5 % 1 recovered % Total reactionproducts

THF 0 45 10 9 0 24 64
20 53 6 14 0 17 75

Toluene ÿ78 58 13 14 3 0 88
0 53 17 20 5 1 95

Ether ÿ20 24 30 20 0 10 74
0 46 18 16 0 0 80

20 52 4 12 0 0 68

a [PhLi]0 = [1]0 = 0.07M andreactiontime 3 h.
b Determinedby quantitativeGC analysisusingdecalinasinternalstandard.

Table 7. Effect of addition of radical trapsa in reaction of PhLi with E-cinnamaldehyde, 1, in THF at 0°C

[Hydroquinone]: [Quinhydrone]: % Yieldsc

% Total reaction
[PhLi]: [1]b [1] [1] 2 3 4 5 % 1 recovered products

1 0 0 88.3 0 11.1 0.9 0 100.3
1 1 0 52.8 0 0 0 48 52.8
1 0 1 26.2 0 0 0 62.5 26.2
3 0 0 59.4 0 8.4 33.2 0 101.0
3 1 0 67.6 0 1.6 21.2 0 90.4
3 0 1 76.9 0 10.5 0 0 87.4

a Blanksof PhLi with eachradicaltrap wereperformedin THF, recoveringunreactedbenzenein high yields.
b [1]0 = 0.2 M; PhLi wasaddedover the E-cinnamaldehyde;reactiontime 2 h.
c Determinedby quantitativeGC analysisusingdecalinasinternalstandard.The reactionswerecarriedout without protectionfrom light.
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theseradicaltrapscanbeobservedin Table7. Whenthe
reactionwascarriedout with a [PhLi]:[1] = 1:1 ratio, a
considerablerecoveryof 1 wasobservedin thepresence

of both compoundsand no by-productswere observed.
This is in agreementwith the mechanismproposed,in
which the formationof 3 and4 occursby a radicalway.

Table 8. Addition of PhLi to E-cinnamaldehyde, 1, in THF at 20°C: in¯uence of [PhLi]:[1] ratio and reaction timea

% Yieldsb

[PhLi]:[1] Time (h) [PhLi] (M) 2 4 5 % Total reactionproducts

1 3 0.07 95 5 0 100
2 2 0.04 84 6 4 94
2 24 0.04 82 3 15 100
3 2 0.07 18 7 75 100
3 3 0.06 0 8 88 96
3 6 0.06 0 6 94 100
3 24 0.07 0 0 100 100
6 24 0.09 0 0 83 83

a The reactionwascarriedout protected from light.
b Determinedby quantitativeGC analysisusingdecalinasinternalstandard.

Scheme 1. Reaction of PhLi with E-cinnamaldehyde, 1, in 1:1 ratio
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Nevertheless,whenPhLi wasin excess(3:1 ratio),1 was
completelyconsumedandan unusuallyhigh production
of 5 wasobservedin theabsenceof radicaltraps,which
decreasesin the presenceof hydroquinoneand is nil in
the presenceof quinhydrone, while the yield of 2
increases.The yield of 4 is lower when hydroquinone
is present.

By-product3 is a reductionproductof 1. To provethat
its formationinvolvesa radical intermediateandhydro-
genabstractionfrom thesolvent,thereactionwascarried
out unprotectedfrom light in ether at ÿ20°C and
quenchedwith deuteriumoxide. Undeuteratedproduct
3 in the C1 wasobtainedas well as the -OD group,as
expectedfrom an intermediateleadingto 3 that takesan
H from thesolventbeforequenching.

A final studywascarriedout to examinetheinfluence
of the [PhLi]:[1] ratio and the reaction time on the
reactioncarriedout in THF at 20°C. Table8 showsthat
theproductionof 5 increaseswith longerreactiontimes,
which could indicatethat this compoundis formedafter

thefirst intermediateleadingto 2 is produced.Theeffect
of the [PhLi]:[1] ratio is more interesting: using a
[PhLi]:[1] = 3:1 ratio and[PhLi] = 0.07M, a quantitative
conversionof 1 to 5 canbe affordedin a 24h reaction.
Similar results (not shown) were observed for the
reaction carried out in toluene. The scope of these
reactionsfor the productionof otherrelatedcompounds
is currentlyunderstudy.

In the light of all the aboveresults the mechanism
shownin Scheme1 is proposedfor the 1,2-additionand
the formationof by-products3 and4. (AlthoughPhLi is
written asa monomerfor the sakeof clarity, it is likely
thatthedimerreactsalsowithoutpreviousdeaggregation
especiallyin THF andtoluene,aswasobservedin other
cases.20) The first step is electron transfer from the
phenyllithium to 1, giving the radical anion–radical
cationpair I , aswaspreviouslyreportedfor thereactions
of PhLi with arylketones15 andwith CO.23 Reactionof I
within the solvent cage leads to the 1,2-addition
intermediateanionII , which by hydrolysisrenders2.

Scheme 2. Reaction of PhLi with E-cinnamaldehyde, 1, in 3:1 ratio
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Theformationof 3 and4 couldbedescribedby anSET
mechanismin which the adductII could react with 1,
giving its radicalanionIV andtheradicalof theadduct,
V. The transferenceof a hydrogenradical from V to IV
would yield 3 and4. Light stimulateselectrontransfer,
and when the reactionis carriedout in the presenceof
light (Table6), theyieldsof 3 and4 increaseandarevery
similar.

On theotherhand,underotherreactionconditionsnot
always[3] � [4], usually[4] > [3] andsometimes3 is not
detected(Tables7 and8). This suggeststheexistenceof
an alternative pathway for the formation of 4. Inter-
mediate II could alternatively eliminate an Hÿ ion,
giving the oxidation product4; althoughthe oxidation
reagentis difficult to envisageunderthepresentreaction
conditions,oxidationof radicalanionintermediateswas
alsoobservedin the reactionof PhLi with CO23 andof
naphtyl- and xylyllithium with CO24,25 under similar
reactionconditions.That 4 is formed by oxidation of
intermediateI is consistentwith the increasein theyield
of 4 observedin tolueneat the expenseof 2 for long
reactiontimes(seeTable5).

The reactioncarriedout usinga [PhLi]:[1] = 3:1 ratio
affordsa newmethodof preparationof compound5 and
the mechanismproposedfor its formationis depictedin
Scheme2. In this case,taking into account the ratio
effect, the reaction is formulated as occurring with
dimericPhLi.Coordinationto 1 throughthelithium atom
without deaggregationis proposed, followed by an
electrontransferforming the new radical anion–radical
cationpair intermediateI . Addition of phenylradical to
the carbonylcarbon,as well as addition of the second
lithium atom to the b-carbon,would give the complex
intermediateII (both additions could be concertedor
stepwise; not enough information is yet available,
althoughthe fact that the yield of 5 increaseswith time
favoursa stepwiseaddition).Rearrangementof II to III
and separation of a molecule of PhLi give the
organolithiumprecursorof compound5. Thatthelithium
atom is bonded to the b-carbon was confirmed by
quenchingthe reactionwith D2O: 100%deuterationon
the b-carbon (but no a-carbon) was observed.Since
intermediateIII is a lithium carbanion,thescopeof this
reactionto synthesize3-alkyl-substituted1,3-diphenyl-
propanonesis under study; preliminary results with
severalelectrophilesshowedgoodyields of theb-alkyl-
substitutedproducts.

Althoughsimilar resultscouldbereachedby assuming
monomericPhLi and stepwiseaddition of each PhLi,
semiempiricalcalculationscarriedoutonseveralreaction
intermediateswith the AMPAC 5.026 program favour
attack by dimeric PhLi. It has been shown27 that the
currentMNDO lithium parametersaccuratelyreproduce
lithium interactionswith nitrogen and oxygen through
comparisonswith experimental results and ab initio
calculations.28,29 In the presentwork it canbe observed
thattheC1-C2bondis shortenedwhile theC2-C3bondis

lengthenedon goingfrom II to III. The intermediateIII
was calculated to be more stable than II by almost
20kcalmolÿ1; the transitionstatefor the rearrangement
II–III was searched and its geometry optimized.
Calculationsshowthat it is a real transitionstate,having
only onenegativevibrationalfrequencycorrespondingto
the reactioncoordinate.30

EXPERIMENTAL

Materials and methods

Tetrahydrofuran(THF) waspurifiedandmadeanhydrous
as previouslydescribed;31 it was freshly distilled from
lithium benzophenoneketyl under an N2 atmosphere
immediately prior to use. Hexane was purified by
refluxing with sulphuric acid (conc.) for 2 h, then
distilled, stored for 2–3 days over sodium hydroxide
lentils and distilled underN2. Toluenewas storedover
sodiumstringsfor 2–3days,thendistilled. Diethyl ether
waspurifiedsimilarly. All solventswereredistilledover
sodiumbenzophenoneketyl immediatelyprior to use.E-
cinnamaldehyde(Aldrich, 99%) was distilled prior to
use. Solid phenyllithium was preparedas described
previously.32 Theconcentrationof PhLi wasdetermined
by reactionwith diphenyl acetic acid.33 All glassware,
syringesand needleswere dried in a vacuumoven and
cooledin adesiccator.Thereactionsof PhLi with 1 were
carried out by the general procedure reported pre-
viously,34 using techniquesdescribedfor the manipula-
tion of theseair-sensitivecompounds.35

Massspectrawererecordedusingagaschromatograph
coupledto a BG Trio-2 massspectrometer.The GLC
analyseswerecarriedout on a 5890�HP gaschromato-
graph using an HP-5 column (conditions: Ti = 70°C,
Tf = 250°C, rate 10°C minÿ1). NMR spectra were
determinedwith aBrucker200MHz NMR spectrometer.
IR measurementswereperformedonaNicolet510PFT-
IR spectrometer.Isolation of the reactionproductswas
carriedout by preparativeTLC using silica gel G. The
isolatedcompoundswerefully characterizedby spectro-
scopyandby their GC retentiontimesagainststandards
independentlyprepared.

(E)-1,3-Diphenyl-2-propen-1-ol, 2, was preparedby
standardprocedures,m.p. 56–58°C (lit. 55–57°C36). IR
(KBr) (cmÿ1): 700(s),750(s),970(s),1450(s),1500(s),
1600 (w), 3030 (s), 3060 (m), 3350 (br s). 1H NMR
(CDCl3) (ppm):2.32(br s,1H), 5.40(d, 1H, J = 6.5Hz),
6.41 (dd, 1H, J = 6.5 and 15.9Hz), 6.72 (d, 1H,
J = 15.9Hz), 7.38 (m, 10H). 13C NMR (CDCl3) (ppm):
75.18,126.44,126.71,127.17,127.85,128.65,128.71,
130.65,131.65,136.63,142.88.MS m/e(Irel): 210 (24),
105 (100),91 (16), 77 (32), 51 (10).

(E)-Cinnamylalcohol, 3, b.p. 249–250°C. IR (KBr)
(cmÿ1): 685(s),730(s),740(s),963(w), 1065(m), 1090
(m), 1450(m), 1480(m), 2850(m), 3000(m), 3350(s).
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1H NMR (CDCl3) (ppm): 4.27 (d, 2H, J = 5.6Hz), 6.31
(dt, 1H, J = 5.6 and15.9Hz), 6.57 (d, 1H, J = 15.9Hz),
7.27 (m, 5H). 13C NMR (CDCl3) (ppm): 63.78,126.53,
127.75,128.65,131.20.MS m/e(Irel): 134(85),133(23),
115 (43), 105 (46), 103 (22), 92 (100),91 (76), 79 (25),
78 (50), 77 (39), 55 (19), 51 (23).

(E)-1,3-Diphenyl-2-propen-1-one (chalcone), 4. To
20ml of 3 M sodium hydroxide and 12.5ml of 96%
ethanol contained in a 50ml round-bottomedflask
provided with a magnetic stirrer, 5.2g of distilled
acetophenonewere added with rapid stirring. The
mixture was cooled in a cracked ice water bath and
4.6g of benzaldehydewere added at once. The
temperaturewasmaintainedbetween15and30°C during
thereaction.After 2–3h themixturewascooledfor about
10h at 0°C. Theproductwasfiltered througha Buchner
funnel, washed with water until the washings were
neutral, and finally washedwith 2 ml of 96% ethanol
which hadpreviouslybeencooledto 0°C. After drying,
the crude product was crystallized from 96% ethanol,
m.p. 57–58°C (lit. 58°C37). 1H NMR (CDCl3) (ppm):
6.70(d, 1H, J = 13.2Hz), 6.95(d, 1H, J = 13.2Hz), 7.56
(m, 10H). 13C NMR (CDCl3) (ppm): 122.16, 128.47,
128.53,128.66,128.98,130.57,132.81,134.97,138.28,
144.83.MS m/e(Irel): 208(85),207(100),179(17),131
(33), 105 (30), 103 (32), 77 (68), 51(20).

(E)-1,3-Diphenylpropanone (dihydrochalcone),5. To
a solution of 210mg (1 mmol) of 4 in 10ml of THF
containedin a 50ml round-bottomedflaskprovidedwith
a magneticstirrer,100mg of lithium aluminiumhydride
in 5 ml of THF were addedin severalportions. The
mixture washeatedin a waterbathat 40°C for 1 h. The
excessof hydride was destroyedwith 3 ml of ethyl
acetateand0.2ml of water.The salt wasseparatedand
the solventsweredistilled undervacuum.The resulting
oil wasdissolvedin ether,driedwith sodiumsulphateand
then the solventwas distilled again.The crudeproduct
was crystallized from 96% ethanol, m.p. 70°C (lit.
71–72°C38). 1H NMR (CDCl3) (ppm): 3.09 (t, 2H,
J = 7.8Hz), 3.33 (t, 2H, J = 7.8Hz), 7.29 (m, 4H), 7.52
(m, 4H), 7.98 (dd, 2H, J = 1.4 and 8.3Hz). 13C NMR
(CDCl3) (ppm): 30.19, 40.45, 126.14,128.05,128.43,
128.54,128.61,133.06,141.33,199.21.MS m/e (Irel):
210(35),106(11),105(100),91(16),78(8), 77(61),65
(9), 51 (30), 50 (9).

General reaction procedure

In a typical experiment,1 ml of a1 M solutionof PhLi in
dry THF, containedin a septum-cappedround-bottomed
reactionflaskunderanitrogenatmosphere,wascooledat
the desired temperature.Then 14ml of the desired
solventand126ml of E-cinnamaldehydewereaddedto
the stirred solution all at once.By this procedure,both
reagentshavea final concentrationof 0.07M.

The reactionwas worked up by treatingthe reaction

mixture with 0.2ml of NH4Cl saturatedsolution. The
organiclayerwasdriedoverMgSO4 andthemixturewas
quantitativelyanalysedby gaschromatographyusingan
HP-5capillary column.

Reaction in presence of radical inhibitors

The reaction was carried out similarly to the general
procedurealreadydescribed,in a reactionflaskcontain-
ing a weighedamountof theradicalinhibitor. Suitability
of theradicalinhibitor wascontrolledby determiningthe
% benzenerecoveredafter treatingwith it a solutionof
PhLi. The almost quantitative recovery using hydro-
quinoneor quinhydroneas radical traps indicatedthat
these inhibitors were appropriateunder the reaction
conditionsusedin this work.
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