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ABSTRACT: The reaction of phenyllithium (PhLi) witB-cinnamaldehydel has been fully examined. Besides the

main producte-1,3-diphenyl-2-propen-1-oL§, three other by-products were detectégcinnamyl alcohol 8), E-

chalcone 4) and E-1,3-diphenylpropanones). 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 &0n 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 dihydrochalcoiieespecially for long reaction times. All the

above results could be interpreted in a reaction scheme involving electron transfer from Briddurther reaction

of the radical ions formed as well as reaction of dimeric PhLi without previous deaggregation when the ratio is 3:1.
0 1998 John Wiley & Sons, Ltd.

KEYWORDS: phenyllithium;E-cinnamaldehyde; organolithium; addition; mechanism

INTRODUCTION Numerous efforts have been made to uncover the
structure of PhLi in the solid state as well as in solution.
It is well known that in the solid state as well as in X-ray investigations have characterized the tetramer
hydrocarbon solutions organolithium compounds are crystallized from EfO2 the dimer which crystallizes
more or less aggregatéd. The reactivity and in many as a complex with TMEDA from the same solv&nt
cases also the regio- and stereochemistry of theirand the monomer stabilized through complexation
reactions are strongly dependent on the solution structurewith the tridentate ligand pentamethyldiethylenetriamine
of the organolithium reagerit. The ever-increasing (PMDTA).X In solution the aggregation number can be
knowledge in this field is very helpful to the synthetic derived from chemical shift considerations but more
chemist, since it helps to choose the right organolithium— clearly from the multiplicity of the"*C NMR signals of
solvent combination more suitable for leading the the lithiated C atom and the magnitude of the, °Li
reaction to the desired synthetic g8dihe organolithium  scalar spin—spin coupling. Published resuti$ lead to
compound aggregates are generally dimers, tetramers anthe conclusion that PhLi forms a tetramer i@t Only
hexamers, the degree of aggregation depending onat low concentration and in the presence of toluene are
several factors: lower aggregation numbers are favouredindications of the coexistence of dimers found. From
by bulkier alkyl groups, delocalization of charge, polar freezing point depression values in dilute solutions at
solvents and lower temperaturés’ —108°C, Bauer and Seebathhave found that PhLi in
ether varies its aggregation grade between 1.64
*Correspondence toN. S. Nudelman, Departamento de ‘@ina (0.070 M) andn=2.17 (0.35 M), while in THFn=1.6

Organica, Facultad de Ciencias Exactas y Naturales, Universidad de .
Buenos Aires, Pab. Il, P.3, Ciudad Universitaria, 1428 Buenos Aires, for concentrations between 0.1 and 0.7 M. Schleyer and

Argentina. co-workers$* have found that PhLi in THF solution exists
Contract/grant sponsorUniversidad de Buenos Aires. in a dimer—=monomer equilibrium.
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elementansyntheticreactionslittle detailedmechanistic
information on the role of aggregationis yet available.
Yamatakaetal.'> havedemonstratethatthereactionsof
PhLi with aromaticcarbonylcompoundsproceedvia a
mechanismin which the rate-determiningstep is an
initial electrontransfer.Themechanisnof thereactionof
alkyllithiums with esters has been investigated in
cyclohexaneand benzend?® Kaufmannand Schleyet’
reportedan ab initio examinationof the mechanism®f
model reactionsof formaldehydewith the monomers
CHaLi andLiH aswell aswith theirdimers,andrecently
Nakamuraet al.'® have shownthe importanceof open
dimers in the same reaction. The observationof an
appreciableinetic isotopeeffect (KIE) in the reactions
of methyllithium with substitutedarylketoneshasbeen
interpretedasanindicationof a pre-equilibriumbetween
anaggregateanda reactivemonomer-®

This paperdescribesninvestigationof thereactionof
PhLiwith E-cinnamaldehydé¢l). The effectsof solvent,
temperature,concentrationand [PhLi]:[1] ratio were
examinedasa contributionto elucidatingtheir influence
on the mechanism®f the reactionandits usein organic
synthesis.

RESULTS AND DISCUSSION

The reactionsbetweenPhLi and E-cinnamaldehydég1)

werecarriedout in tetrahydrofurantolueneandetherat
severaltemperaturesbetween—78 and 25°C, with a
concentratiorof both reagentsof 0.07 M anda reaction
time of 3h. E-1,3-Diphenyl-2-prpen-1-ol (2) was the
main reactionproduct,accompaniedby variousamounts

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

Since the variation in the distribution of the minor
productswas consideredessentiato the purposeof this
work, andin manycaseghereproducibilitywasnotvery
good,the reactionsundereachsetof reactionconditions
wererepeatedt leastfive times.Thevaluesshownin the
tablesareaverageresults,% variation+ 5%.

Table 1 gathersthe resultsfor the reactionin THF at
severaltemperaturesit is shownthat productionof the
1,2-additionproduct? is highat 0 and20°C, while atthe
lower temperaturesa substantialamount of 1 was
recoveredunreactedandformationof someby-products
wasobservedIt waspreviouslyreportedthat PhLi exists
asa dimer—-monomeequilibriumin THF solution* and
that lower temperaturesavour less aggregatiort;® but
the high yields of 2 observedat T > 0°C would suggest
that the reactionis insensitiveto aggregatioreffectsor,
more likely, that the dimer could add without previous
deaggregatioras observedin some other reactionsof
BuLi.?® This observatioris in agreementvith the lower
% reactionyield at —78°C, which could also be partly
dueto thedecreasén thereactionrate. It is unlikely that
thetemperatureffectwasonly dueto thehigh activation
energy,sincethe resultsat 0 and20°C arevery similar.
At thesetemperatureghe addition in THF is highly
selective:only smallamountsof by-productsareformed
andvery goodyieldsof theadditionproductareobtained
with retentionof the geometryasexpected.

When the reaction was carried out in toluene (see
Table?2), lesssensitivityof the 1,2-additionproductyield
to the temperaturewas observed.It is likely that in
toluene most of the PhLi exists as a dimer at all the

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

% Yields®
Temperaturd °C) 2 3 4 % 1 recovered % Total reactionproducts
—78 58 7 8 19 73
-20 76 8 3 14 87
0 94 0 6 0 100
20 95 0 5 0 100

& Determinedoy quantitativeGC analysisusing decalinasinternal standard[PhLi]o = [1]o=0.07 M. All the reactionswere carriedout protected

from light.

0 1998JohnWiley & Sons,Ltd.
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Table 2. Addition of PhLi to E-cinnamaldehyde, 1, in toluene at several temperatures

% Yields®
Temperaturg® C) 2 3 4 5 % 1 recovered % Total reactionproducts
—78 86 5 9 0 0 100
-20 85 5 9 1 0 100
0 75 0 13 8 0 96
20 81 0 13 0 0 94

& Determinedoy quantitativeGC analysisusing decalinasinternal standard[PhLi]o = [1]o=0.07 M. All the reactionswere carriedout protected

from light.

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

% Yields®
Temperaturg® C) 2 3 4 5 % 1 recovered % Total reactionproducts
—78 72 7 14 3 0 96
-20 68 0 6 7 0 81
0 52 19 15 2 1 88
20 76 0 6 4 1 86

@ Determinedby quantitativeGC analysisusingdecalinasinternal standard[PhLi]o =[1]o=0.07 M. All the reactionswere carriedout protected

from light.

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

o i
[PhLilo=[1]o Temperature % Yields® % Total reaction
Solvent (M) (e 2 3 4 5 % 1 recovered products
THF 0.20 -20 84 4 3 0.5 3 92
0.07 -20 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 -20 85 2 3 3 8 93
0.07 -20 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 -20 60 0 7 11 0 78
0.07 -20 68 0 6 7 0 81
0.20 20 70 5 2 3 1 80
0.07 20 76 0 6 4 1 86

& Determinedoy quantitativeGC analysisusingdecalinasinternalstandardAll thereactionsverecarriedout protectedrom light; reactiontime 3 h.

studiedtemperatureandthereactionwascompletein all
casesTheproductionof by-productss moresensitiveto
temperaturechangesthe mostimportant by-productis
the chalcone 4, whose yield increasesslightly with
temperaturewhile the yields of the reductionproductof
1 (compound3) andthe unusualproduct5 weresmaller.
In ethyl ethersolution (Table 3) the selectivity is even
lower thanin tolueneand a considerablalistribution of
productsis observed.The lower yields of 2 cannotbe
ascribedto a lower reactivity in this solvent,since the
reactionof 1 wasalmostcomplete By-products3 and4
appearedn appreciableamounts but no clear relation-
ship of the product distribution with temperatureis
observed.

The possible influence of concentrationwas then

0 1998JohnWiley & Sons,Ltd.

examinedin the three solvents at —20 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 PhLiwith 2 and4 in 3:1ratioat20°C
havebeencarriedoutin orderto observaf 4 and5 arethe
resultof reactionof PhLi with 2 andnot 1. Thereaction
of 2 with PhLiproduces79%of 5 and21%of 4, while in
thereactionwith 4 only the productsexpectedor the 1,2-
and1,4-additionwereobtained.

The effects of variation in the time of reactionare
shownin Table5. Forthereactioncarriedoutin THF at
1:1rationodiminutionin theyield of 2 wasobservedn
exposingthe reactionmixture to longer reactiontimes:
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Table 5. Addition of PhLi to E-cinnamaldehyde, 1, at 0°C: effect of reaction time

% Yields®

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

& Determinedoy quantitativeGC analysisusing decalinasinternal standard[PhLi]o = [1]o=0.07 M. All the reactionswere carriedout protected

from light.

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

% Yields’

Solvent Temperaturg °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 —78 58 13 14 3 0 88
0 53 17 20 5 1 95
Ether -20 24 30 20 0 10 74
0 46 18 16 0 0 80
20 52 4 12 0 0 68

&[PhLi]o =[1]o=0.07M andreactiontime 3 h.

Deteminedby quantitativeGC analysisusingdecalinasinternal standard.

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

H C
[Hydroquinone]: [Quinhydrone]: % Yields % Total reaction
[PhLi]: [1]° [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

@ Blanksof PhLi with eachradicaltrap were performedin THF, recoveringunreactecbenzenen high yields.
P [1]o=0.2 M; PhLi wasaddedoverthe E-cinnamaldehydereactiontime 2 h.
¢ Determinedby quantitativeGC analysisusingdecalinasinternal standardThe reactionswere carriedout without protectionfrom light.

only 6% of 4 appearedvhenthe mixture wasallowedto

standfor 4 h. In toluenetheyield of 2 decreasedndsome
sideproductswereformedfor reactiontimeshigherthan
1h. This seemdo indicatethat 2 is partially undergoing
further reaction to produce mainly 4, its oxidation
product.

Theinfluenceof light on the selectivityof thereaction
was then examined by carrying out the reaction in
colourless flasks unprotectedfrom light. It can be
observedn Table 6 thatthereis a markeddecreasedh
the selectivity of the reactionin the three solventsat
severaltemperaturesThe sensitivity of the reactionto
light suggestghat radical processesnight be involved,
especiallyin thosepathwaydeadingto by-products3 and

0 1998JohnWiley & Sons,Ltd.

4.In thesecasesaswell asin thepreviousone,the[3]:[ 4]
ratiowasnot 1:1.

Theeffectof addedadicaltrapsatthebeginningof the
reactionin THF wasthenexaminedTwo differentkinds
of experimentsverecarriedout. 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 underthe presentreaction
conditionswhile hydroquinoneandquinhydroneseemed
to be unreactiveagainstPhLi in the presencef 1 in the
time theadditionreactiontakesplace.Hydroquinoneand
quinhydrone were previously found to be effective
radical traps in the reaction of naphthyllithium with
CO?22?2 The resultsof the reactionin the presenceof
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Table 8. Addition of PhLi to E-cinnamaldehyde, 1, in THF at 20°C: influence of [PhLi]:[1] ratio and reaction time®

% Yields®
[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
& The reactionwascarriedout proteced from light.
b Deteminedby quantitativeGC analysisusingdecalinasinternalstandard.
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Scheme 1. Reaction of PhLi with E-cinnamaldehyde, 1, in 1:1 ratio

theseradicaltrapscanbe observedn Table7. Whenthe of both compoundsand no by-productswere observed.
reactionwas carried out with a [PhLi]:[1] = 1:1 ratio, a This is in agreementwith the mechanismproposed,n
considerableecoveryof 1 wasobservedn thepresence  which the formationof 3 and4 occursby a radicalway.
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Scheme 2. Reaction of PhLi with E-cinnamaldehyde, 1, in 3:1 ratio

NeverthelessiwhenPhLiwasin excesg3:1ratio), 1 was
completelyconsumedand an unusuallyhigh production
of 5 wasobservedn the absencef radicaltraps,which
decrease the presenceof hydroquinoneandis nil in
the presenceof quinhydrone,while the yield of 2
increases.The yield of 4 is lower when hydroquinone
is present.

By-product3 is areductionproductof 1. To provethat
its formationinvolvesa radicalintermediateand hydro-
genabstractiorfrom the solvent,thereactionwascarried
out unprotectedfrom light in ether at —20°C and
quenchedwith deuteriumoxide. Undeuteratedoroduct
3 in the C1 was obtainedas well asthe -OD group, as
expectedrom anintermediatdeadingto 3 thattakesan
H from the solventbeforequenching.

A final studywascarriedout to examinetheinfluence
of the [PhLi]:;[1] ratio and the reaction time on the
reactioncarriedoutin THF at 20°C. Table 8 showsthat
the productionof 5 increasesvith longerreactiontimes,
which couldindicatethat this compounds formedafter

0 1998JohnWiley & Sons,Ltd.

thefirstintermediatdeadingto 2 is producedThe effect

of the [PhLi]:[1] ratio is more interesting: using a

[PhLi]:[1] = 3:1ratioand[PhLi] =0.07M, aquantitative
conversionof 1 to 5 canbe affordedin a 24 h reaction.
Similar results (not shown) were observedfor the

reaction carried out in toluene. The scope of these
reactionsfor the productionof otherrelatedcompounds
is currentlyunderstudy.

In the light of all the aboveresultsthe mechanism
shownin Schemel is proposedor the 1,2-additionand
the formationof by-products3 and4. (Although PhLi is
written asa monomerfor the sakeof clarity, it is likely
thatthedimerreactsalsowithout previousdeaggregation
especiallyin THF andtoluene,aswasobservedn other
cases?) The first step is electron transfer from the
phenyllithium to 1, giving the radical anion-radical
cationpair |, aswaspreviouslyreportedfor thereactions
of PhLi with arylketone$® andwith CO 23 Reactionof |
within the solvent cage leads to the 1,2-addition
intermediateanion|l , which by hydrolysisrenders2.
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Theformationof 3 and4 couldbedescribedy anSET
mechanismin which the adductll could reactwith 1,
giving its radicalanionlV andtheradicalof the adduct,
V. The transferencef a hydrogenradicalfrom V to IV
would yield 3 and 4. Light stimulateselectrontransfer,
and whenthe reactionis carriedout in the presenceof
light (Table6), theyieldsof 3 and4 increaseandarevery
similar.

Onthe otherhand,underotherreactionconditionsnot
always[3] ~ [4], usually[4] > [3] andsometimes is not
detected Tables7 and8). This suggestshe existenceof
an alternative pathway for the formation of 4. Inter-
mediate Il could alternatively eliminate an H™ ion,
giving the oxidation product4; althoughthe oxidation
reagentis difficult to envisagaunderthe presenteaction
conditions,oxidation of radicalanionintermediatesvas
alsoobservedn the reactionof PhLi with CO?® and of
naphtyl- and xylyllithium with CO?*2° under similar
reaction conditions. That 4 is formed by oxidation of
intermediatd is consistentith theincreasen theyield
of 4 observedin tolueneat the expenseof 2 for long
reactiontimes (seeTable5).

The reactioncarriedout usinga [PhLi]:[1] = 3:1 ratio
affordsa newmethodof preparatiorof compounds and
the mechanisnproposedor its formationis depictedin
Scheme2. In this case,taking into accountthe ratio
effect, the reaction is formulated as occurring with
dimericPhLi. Coordinatiorto 1 throughthelithium atom
without deaggregationis proposed, followed by an
electrontransferforming the new radical anion—radical
cationpair intermediatel . Addition of phenylradicalto
the carbonyl carbon,as well as addition of the second
lithium atomto the S-carbon,would give the complex
intermediatell (both additions could be concertedor
stepwise; not enough information is yet available,
althoughthe fact that the yield of 5 increaseswith time
favoursa stepwiseaddition). Rearrangemertf 11 to Ill
and separation of a molecule of PhLi give the
organolithiumprecursoiof compoundb. Thatthelithium
atom is bondedto the f-carbon was confirmed by
guenchingthe reactionwith D,0O: 100% deuterationon
the p-carbon (but no «-carbon) was observed.Since
intermediatdll is alithium carbanionthe scopeof this
reactionto synthesize3-alkyl-substitutedl,3-diphenyl-
propanonesis under study; preliminary results with
severalelectrophilesshowedgoodyields of the -alkyl-
substitutedproducts.

Althoughsimilar resultscouldbereachedy assuming
monomericPhLi and stepwiseaddition of each PhLi,
semiempiricatalculationarriedoutonseveraleaction
intermediateswith the AMPAC 5.0°° program favour
attack by dimeric PhLi. It has beenshowrf’ that the
currentMNDO lithium parametersccuratelyreproduce
lithium interactionswith nitrogen and oxygen through
comparisonswith experimentalresults and ab initio
calculations’®?° In the presentwork it canbe observed
thatthe C1-C2bondis shortenedvhile the C2-C3bondis

0 1998JohnWiley & Sons,Ltd.

lengthenedn goingfrom Il to lll. Theintermediatdll
was calculatedto be more stable than Il by almost
20kcalmol™; the transitionstatefor the rearrangement
-l was searched and its geometry optimized.
Calculationsshowthatit is arealtransitionstate having
only onenegativevibrationalfrequencycorrespondingo
the reactioncoordinate®®

EXPERIMENTAL
Materials and methods

Tetrahydrofura{ THF) waspurifiedandmadeanhydrous
as previously described it was freshly distilled from
lithium benzophenonéetyl under an N, atmosphere
immediately prior to use. Hexane was purified by
refluxing with sulphuric acid (conc.) for 2h, then
distilled, stored for 2—3 days over sodium hydroxide
lentils and distilled underN,. Toluenewas storedover
sodiumstringsfor 2—3 days,thendistilled. Diethyl ether
was purified similarly. All solventswereredistilled over
sodiumbenzophenonketyl immediatelyprior to use.E-
cinnamaldehydgAldrich, 99%) was distilled prior to
use. Solid phenyllithium was preparedas described
previously®* The concentratiorof PhLi wasdetermined
by reactionwith diphenyl aceticacid33 All glassware,
syringesand needleswere dried in a vacuumoven and
cooledin adesiccatorThereactionsof PhLiwith 1 were
carried out by the general procedure reported pre-
viously ** using techniquesdescribedfor the manipula-
tion of theseair-sensitivecompounds®
Massspectravererecordedusingagaschromatograph
coupledto a BG Trio-2 massspectrometerThe GLC
analysesverecarriedoutona 5890+ HP gaschromato-
graph using an HP-5 column (conditions: T; = 70°C,
T{=250°C, rate 10°C min~%). NMR spectra were
determinedvith a Brucker200MHz NMR spectrometer.
IR measurementsereperformedonaNicolet510P FT-
IR spectrometerlsolation of the reactionproductswas
carriedout by preparativeTLC usingsilica gel G. The
isolatedcompoundsverefully characterizedby spectro-
scopyandby their GC retentiontimes againststandards
independentlyprepared.
(E)-1,3-Diphenyl-2-propen-ol, 2, was preparedby
standardproceduresm.p. 56-58°C (lit. 55-57°C>). IR
(KBr) (cm™7): 700(s), 750(s),970(s), 1450(s), 1500(s),
1600 (w), 3030 (s), 3060 (m), 3350 (br s). *H NMR
(CDCls) (ppm):2.32(br s, 1H),5.40(d, 1H, J=6.5H2),
6.41 (dd, 1H, J=6.5 and 15.9Hz), 6.72 (d, 1H,
J=15.9Hz), 7.38 (m, 10H). **C NMR (CDCly) (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(l,e): 210 (24),
105(100),91 (16), 77 (32),51 (10).
(E)-Cinnamylalcohol 3, b.p. 249-250C. IR (KBr)
(cm™1): 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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'H NMR (CDCly) (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). *3C NMR (CDCl;) (ppm): 63.78,126.53,
127.75,128.65131.20.MS m/e(l,e): 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-popen-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 crackedice water bath and
4.6g of benzaldehydewere added at once. The
temperaturegvasmaintainedetweenl5and30°C during
thereaction After 2—3h themixturewascooledfor about
10h at0°C. The productwasfiltered througha Buchner
funnel, washed with water until the washings were
neutral, and finally washedwith 2ml of 96% ethanol
which had previouslybeencooledto 0°C. After drying,
the crude product was crystallized from 96% ethanol,
m.p. 57-58C (lit. 58°C®"). *H NMR (CDCly) (ppm):
6.70(d, 1H,J=13.2Hz), 6.95(d, 1H, J=13.2Hz), 7.56
(m, 10H). *3C NMR (CDCls) (ppm): 122.16,128.47,
128.53,128.66,128.98,130.57,132.81,134.97,138.28,
144.83.MS m/e(l,): 208(85),207(100),179(17),131
(33),105(30),103(32), 77 (68), 51(20).

(E)-1,3-Diphenylpropanee (dihydrochalcone)s. To
a solution of 210mg (1 mmol) of 4 in 10ml of THF
containedn a 50 ml round-bottomedlask providedwith
amagneticstirrer, 100mg of lithium aluminiumhydride
in 5ml of THF were addedin severalportions. The
mixture washeatedn a waterbathat 40°C for 1 h. The
excessof hydride was destroyedwith 3ml of ethyl
acetateand 0.2ml of water. The salt was separatec&nd
the solventswere distilled undervacuum.The resulting
oil wasdissolvedn ether driedwith sodiumsulphateand
thenthe solventwas distilled again. The crude product
was crystallized from 96% ethanol, m.p. 70°C (lit.
71-72C%). 'H NMR (CDCl) (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). *C 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 (l;¢):
210(35),106(11),105(100),91(16),78(8), 77(61),65
(9), 51 (30),50 (9).

General reaction procedure

In atypical experimentl ml of a1 M solutionof PhLiin
dry THF, containedn a septum-cappetbund-bottomed
reactionflaskundera nitrogenatmosphereyascooledat
the desired temperature.Then 14ml of the desired
solventand 126l of E-cinnamaldehydevere addedto
the stirred solution all at once.By this procedure both
reagentdavea final concentratiorof 0.07 M.

The reactionwas worked up by treating the reaction

0 1998JohnWiley & Sons,Ltd.

mixture with 0.2ml of NH,CI| saturatedsolution. The
organiclayerwasdriedoverMgSQ, andthemixturewas
guantitativelyanalysedy gaschromatographyisingan
HP-5 capillary column.

Reaction in presence of radical inhibitors

The reaction was carried out similarly to the general
procedurealreadydescribedjn a reactionflask contain-
ing aweighedamountof the radicalinhibitor. Suitability
of theradicalinhibitor wascontrolledby determiningthe
% benzeneecoveredafter treatingwith it a solution of
PhLi. The almost quantitative recovery using hydro-
quinoneor quinhydroneas radical traps indicated that
these inhibitors were appropriate under the reaction
conditionsusedin this work.
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