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Acxbx&ylated~)~ialsareofintereatasintermediatesinthe~cal, 

agrichemicai,chmicalarrlpolymerimhstries.1'2 IhelachqmbxyprqeAhsof~ 

dl~withoarrenrsregardingitstcodcity~shippinghinre~~~aneedfor 

alternative ac&xceQlaticmlz&mologies. OIE s~&~alternative is thetmmsterification 
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pisure 
of the , irgrmlec@ilewithanagqmpriate Bate (elation). 

Whilethismethodhasfandlimitedqmhetic applicatim,3a~c~d weamunawamofanywork 

arlthenB&anim of this macticn since the picneerhg work of Bader and Qrroll.3anbre 

~patentidlutilityofthisprocssgledusto~aplthis~andewminethe 

lIb&mmmofthisreacticninmnedetail. 

The rates for the thermal reacticmofavarietyof acebK&ateswithn--in 

xyleneamsumar izedinTables1and2.4 ExaminationofthedatafrmUmestudies 

irB?i.i~~thatthe ~laticmmacticm ismAani&icallydisthct fmtypicxl 

tmme&erification&m. Wc&mtablythe~rateam&antsare 

irdependerrtofal&l amcentmtim (entriesl-6ofTablel) andthenkxestericxlly 

enm&mxdtJutylacetoaceta te(t-BAA,;lg)andt-aqlac&oaceh te (t-Am&&) react 

ES-20 fold faster than otbr acebxebtes. FbruErevi.dBEethatthe 

transaaetoacetylatiaP1reaction~bya~differentfmmthatoftypical 

~ifi~ti~~~isaFgarentfrantheabsenoeof~~effectof 

eithercatalystm3olventmtherateof~cm.5 1tisalsointm&hgtonotethat 

the &served rate cm&ants at 91.7OC for a are also 0. 50% faster than those for the 

analogcus macticn of 2,2,6-trimethyl4H-l,3-dioxin-4-cme a, TKD, the d&&em-acetme 

aMwzt);whichhasbeenshumto~ananal~ fimt-oxderreacticnwithalahols, 

@lmwl&amines.~ 

lhelackofadqm%noeofthechervedrate cxmbntsmthe~~e 

conomtmticm,uleahsence ofanypzmommleffectofcc8mlm tmmesUrificat.icncatal@s 

andthesurprisinglyrapidrateofthe~stericallyencuns#red tertiary- 

denm&ra~thatam&mnisminvolvhgat&mhdml~' “teslachast3latpIcpmedby 
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F3ada3a’b cannut be of great ingmhnm . Thereacticmmstpruceedviaaunimleoiiar, 

~~deccapositi~toareactiveintermediate,~asacetylketene(~). 

Rate Instants for React&m of RXcAc With n-a at 91.85OC 

# R 
4a b 

rnmail 
C r-ic 

1 tBll 1.716 (0.07) 0.492 0.474 
2 tBu 1.662 (0.03) 2.623 0.475 
3 la tm 1.859 (0.03) 1.027 0.472 
4 ti tm 1.559 (0.05) 0.174 0.068 
5 lb Et 0.102 (0.002) 0.526 0.473 
6 

e 
Et O.l.36 (0.001) 4.987 0.477 

7 Me 0.097 (0.001) 0.611 0.551 
8 Ip iBu 0.138 (0.004) 1.068 0.474 
9 le 0.140 (0.007) 1.070 0.537 
10 5 I&E) 

tAm2 
0.083 (0.003) 1.046 0.477 

11 
mwd 

1.460 (0.07) 1.072 0.495 
I.2 1.07 (0.03) 

(a) First-order rate ccmtant in set-'. (b) Star&ml deviation frun AIKJVA analysis. 
(c) Mo1arccmeneati~0fn-BL1(3Hand ac&xc&ate xwpectively. (d) See Reference 5c for 
aaxrpletelistiqofkineticpammtem farthisampcml. 

Table2 
EffectOf~~~RateOf~~OfEVlylAcetoacetate(EAA) 

arKIt-Eutyl A=t==tab(==) 

91.85 
rc3 +&o4(a) klsec- Eo4(a) kfseu 

0.10 1.65 
98.70 0.19 2.50 
106.00 0.37 5.16 

Activaticmmml&exs 

wte mAtI + AH + AS 

SecI IkC&&ll 
b 

I. 

tz 10.22 9.48 25.43 22.19 24.69 21.45 -14: -17.6 

(a)Averagefirst-oIderratecm&ants. (b) Cormlaticn Coefficient (R2) from ANOVA 
analysis =0.999 for E#A and 0.978 for t-BAA. 
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ketylketenehasbeensimilarlyinplicatedinthermctimsofdioxhme2. 6~ Thefact 

thatthereactive iMe?X&hteirnrolvedinthis FQ===isa=W= rathWthmscme 

otherspecieshasbeen ~usingmatrixisolaticdl-in&aredspectmscopy. llnls# 

theKmolysisofeiulereulylort-butyl acekmebte i.nthetransf~lineofaGc-Idand 

~~ofthe~~effluentinanazgcnrrmtrixat6K~materialswithIR 

spectraiderrticdltothatIrrpducedfran~l~isofdioxinople~,6cwith 

dmmcteristic infmred aboham~ at 2137 anl 1676 an -l. This qechxoqic data, 

alorqwiththeactivaticmparambz (Table 2) aml ame&zatimdeperdence(Tablel) 

fcntoftBZLAardEAA,suggestthatwhiletheratesofthetwo 

P~differ,the~Of~~~~areverySimilarand~this 

proposedmechanianrmy,infact,bequitegeneral. 

Ihef~~~ofan~~intermediateviaanElcB~hasbeen 

denmstmtedbyBnrioe7inule base-catalyzedhydmlysisofvaria.&ysubtitutedFhenyl 

acetoacetates. Thesesamwrkers sugge&&thatadifferentpmcessisopexativein 

theanalcgous~~0falkylacetoaoata~ mepzxe&hjreslll~iniicatethat 

acetylketenecanalsobepmducedfmu aa&mc&ates~relativelymildthenaolysis 

c!cMitionswi~theirrtenaediacy0fani~~tbeuse0fbasecatal~ 

~etheformationofthelceteneintermediateinFigure2is~eailar,the 

aaxenhations0fthenucl~~canbecaaeinportarrtinthe~lation 

reactionof a&mac&ates,partiaAarlydur~thelatterpartofthereactionwhenthe 

Czommtmtimoft.healooholco-E_rmductbecxrmes significant.8a nl.iseffectislmchmm 

p~for~~~asFAAthanfcn:tBAA;thelatterdisplayBfirst-order 

b&aviorazttoat1east90_95%cmversicm. 

!LbpXpOsedmecfianiaaeXpl~thelpsults dbaSsedinthiswtxkaswal1asthe 

OkSmTations of BadCq3"nb Taber3=arrlGilbWP . Rx exaqle, the ckeervatialthat 

2,l-dimbtiM acetcacetates do not undergo exchaqe TCeacti~3a'c'd isreadily 

attri.butedto#ehabilityofthesematerialstofomthe xngketmes.Ihe 

factthatt-hQl acebambte(as~lasathertertiarybeta--)-be 

pzxpmedfmneitherethylormethyl aceba&ateis~yWtobaththe 

* thenmdyMmicm_ for the less sterically enambmdEAAor!!AAasWllasthe 

si~ficarrtlyfasterback-reacticllfou:~i~~ofthetertiary~~. This 

hypmf?siscanbetesbdbythe Blati of t-m with tertiaq alc!&ols. 

Ifstericeffectsplayanbporta&mle inthispmoess, Wisreactimshaildbe 

extYmalysluggish. If,cntheatherhard,thhmacticmfollawsam&anismsucfias 

that' .. 1inFigura2,thesemacticmsshmldpmceedreadily. Themacticnof 

t-Fmwiull-%mulyl~~ 1and2-m&xyl-3iaaten-2-olpmducestha 

am&mo&ates in83 and 72 Syields reqectively,g~pmvidhq fmtherevidenazfor 

theplxpcmdm 

mepmmdingmsultst3uggWtthatau3ty~ isafarnmxubiquitcus 
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intenaediatethanmw.Ihekinetic- demmtratethatthereagentof 

dmice forthe pzeparatimof a&macehtesbythe~laticm~~is 

moresterically enam&mdt-butyl acetoacptte. m3synmeticutilityofthislmterial 

willbemina~paper.9 

m: IwaildliketothanknrS.RobertU~,Jchn~andJchnHyatt 

fcnhelpfuldiscxlssioplsopl~iausaspectsofthis~,~.~~Zinrmenaanand 

CardaceSass for~thematrix-isolaticmst&iesandMc. W. D.Notth#m for 

assi.shnceinsaneoftheexpe.r~work. 
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4). (a)F&actiawwrenmina25mLru&-botkmd 
inaamstantteqeratuebathmintahd 

flaskwhwihadbeen~ 
at the specified teapen- +/-O.lO C. 

Sanples~periodicallywitMmwn, analy!zedbygaschlxm?a~andthemte 
ccn&mtsaetermineausingthe~ describedinIkfereme 6c.mexateam&ants 
given for entries l-4 and 11 of Table lwere deti * lby follow+q the reaction to at 
least 3 half-lifes, while those given in entries 5-10 were dekmmsd by following the 
reactionto apprcorimately30% oclmpletian. (b) Allmaterialsexaqt~arekncwn 
I@&als.mlpamd~was~byReference 6aandwas fully&aractwizedbylIi, 
cNIm,lR,Ms,HFmaIxlelementalanalysis. 

5). 5ml% (relativetitBAA) ofei~lX!APor t&m&hyl~resultsi.n 
only a slight (25 2) rate enhancement. Addition of 35 ml % Ti(OiPr) aaxmmlyused 
kamehxificaticmc&aly& (sea forexmpleSe&a&, D.; I.kqe&&& E.; Naef, R.; 
B, P.; Weidmwm, B.; Zqer, M. Synthesis 1982, 138) results in an 
appmxhalzratehhi.biticmof4O%. Nosignificantrateeffect is obsemzdiflml% 
tridiloroacek 'cacidisa&-ledtoreacticmsusingeitherEA?kortBAAasthe 
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A.; Feldman, P. L.; Clenms, R. J. J. Org. C&m. 1984, fi, 5105. (c) Clemens, R. J.; 
Witzman, J. S. J. Am. &em. Srxz. 1989, u, 2186. 

7). ~Pmtt, R. F.; 
81. 

Bruice, T. C. J. Am. then. v. 1970,_82, 5956. 
lal Wdamcus~~ rate am&ants of 7.8x10 . 6.7x10 and 4.62x10d set-' 

rxspE&i&i (vs 1.02 xlo-' for O-815 min) were obtain& for ma&km of u with 1.11 
eq n-m after times of 1418.2, 1913.2 and 2911.7 min.&es respectively; while the 

Lateoarstarrtsinthesametimeperiodof 

processfavorsBAAbybetmen 15-22:1, reflectirq a free energy differenoz 
2-O-2.3 kcal/ml, which agrees wzllwiththa experimental difference infreeenexqyof 
activaticmforthtmlnaterials. 
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