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sivescricaofdatr,andar2adAythemostvduab%h ,t\ kr 

cometotbcfae.‘InpreviwsprpuriIlthiasaiesncw 
expaimeotal appwdes. which suppkmcnt tbc already 
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avaikbk methods, bave been described. Thus the 
ax-0 

nsoaroceeMgyoftllcpyridoaeriqlslndrcktai 
systems is well suited for evahmtion by comparkon of m 
~fortbchetawromotlc-~umwitb 
thccofmpod&~forawhntcdmodcl,)anap Ho 
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compounda.’ Fur S-mcmbcd riw bctawycks, pd- 
cululYPYde,inQled-,-enaOy 
basbeca&&cdfromtbcr&ccdbasicityoftberiag . 
relative to a nonaromntic model.” Ii- 
wbichfonupxcubbasc8stab&insolutionhavebcea 
invest&al on the basis of the hydroxylation cquili- 
brium constants.‘* 

Tbepre8elltpaperlcportaaascasmentof- 
eecxgy m the heat of dehydration of a hydroxydi- 
hydrodCliVatiVCOf8Ildcompouad~tbe 
appmach8boddbcpnadf~av8rktyofryatem8,tbc 
coalpurtive case of prepurbon of r&dihydlxd and 
-5-hy&oxy-koxazukll ad -pyf8zdu pllmyed lu ta 
study initially members of the serks, viz. 2.3.8-11. 
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Qualitariw dehydmtion studies. UV Spectral data for 
the dihydrohydroxy compolmds, 2, 3, 9, 10 and 11 in 
ethanol, and of the protoaated forms of the aromatk 
aystems4~,UinHzSO,arere9ntedinTabk1.Ibe 
spectra of the cations were invariant over at kast the 
lirst2Ominofprepar&nindic&gihestabilityoftbc 
cationsintheacidmedium.Thed&ydmtionsof2,3, 
9-11 in H&WJ were followed by UV spectroscopy. No 
attempt was made to obtfain rate data but from qualita- 
tive observations, Tabk 1, we concti (i) tbc isoxaxok 
duivatives 3 alni 10 dehydrate kss readily than tbc 
correspondiqj pyrfixoks 2, 8 (which dehydrated on 
n%rystauis&o)aDd9,whichiscoMistentwithtbc 
expecteddi&rentinlstabilityoftheOandNstabi&d 
carbenium ion intermed& generated by loss of the OH 
group (as I&O); (ii) in both the dihydn+hydroxy- 
iMW!0kond-pynzdeWit%thetiiso~&hydnte 
morereadilythanthecorrespondingmvu~ 
refkcting the rekase of greater sterk stndu on 
carbenium ion forma& in the cis series; (iii) the 5 
hydroxy derivative 11 &hydrates much mot+ readily 
than members of the 4-hydroxy series. 

The feasibility of using acetic anhydride and phospbo~s 
oxycbhidc as Mydratinp agents was investigated by 
measuring the UV spectra of 2 in these media. However the 
spectra were unchanged ov_er 35 min from dissolution. 

Qmantitatitw dehydmtion studies. Of the the dihydre 
hydroxy compoumzk 2, 3, 9-11 only 9 and 11 were 
considered to dehydrate su&iently fast to under& 
calorimetric heat of dehydration measurements. Heat 
chan8es on dissolving the dihydrohydroxy derivatives 
Worn HOHI and the correspo~ aromatic compound 
Mroml in ILSO~ A& and A& rcspwtivdy, are repor- 
tedinTabk2Scheme2d&estheheatchangesin- 
volved, some of which refer strictly to very highly bii 
equiliirium reactions, e.g. AI& aad A&. Both A& and 
AIL are composite terms given by eqns (1) and (2). 

tQicofc00scrfunclioaottbc~-soklteiatartioarbul 
brflmcthl8l8ooftbelolv~tcobaiw~ladoftbu 
size of the aohue (cavity mm) (J. J. Mom Itamos, M.-L !&n 
nod J. R&se, Chem. J’hya. J&fen 42, 373 (1976)). Tlh hat 
coawibmionhpmbablyvuyrimaufor[Ammld[AromOJfl 
dlik tbe aohmt-uo&te illwho may diua by 2 to 
4wmok. 

4L=Au2+Ab+4J4+Alh (1) 

4h+?4+4b (2) 

Now Al?,. AI& aad AIJo are giveo by eqns (3-S) and 
combin& these with eqns (1) and (2) 8ives qn (6). 

A value for A& of -8.2kO.3 kcal mok-’ can be 
&mated from data reported elsewln&~ and we ekcted 
toevaluateAIj,andAlJroby’measurinst&heatsof 
solution of [Arom HOHI and [Arom] iu a nonpolar 
solvent. F&ltiaay, thix assuMs tbehl!atofdissolution 
A& is related to the heat of vapomis&n/sublima&, 
AIL, by At?.=:w+Q where Q is an enthdpy term 
whkhissimikrfor[Arom]awl[AromHOH].tArmmbez 
of nonpolar solvents were con&red but low solubility 
precludedtheurcofthosewtdchmhldc~~ass 
mcwt closely, e.g. surated hydrocarbons, 
AccotdipolY~~Wenp&dtollWtheksrthiUlideal 
solvent chloroform; ti of solution in this sdvent are 
given in Tabk 2 From the experimental data we obtain 
values for A& (the heat of dehyd&on as Mned by 
Scheme 2) of -25 kcal mok-’ for 9 and -4 kcal mok-’ 
for1l.llIemajlJrsourccofarorinthesev~derives 
fromtheuseofchlotoformpsaainertsdventandthisis 
di&dt to &inutte. However since we require a 
difference term. i.e. ml0 - A&, systematic effects may 
p&ally cancel, i.e. AQ-0, and we believe values for 
A& are reliabk to withia ~3 kcal mok-‘. 

“Resonance energy” evaluations. Tk classical ad 
pr&blymostquotl!dresolmaceencrgy,hl!reaftercalkd 
empirical resow energy ERE, generally has been 
derived b$ comparing heats of combustion or by&* 
8enationofuomatkswithtboseofsimpkurWum&d 
modek.2 SimiMy compa&noftbcAIj,vabK?switb 
the correspondi value A&,. for tbe_,dehydtation of 
wckyc:, viz. -2* 03 t,d mok (from. A&(g) 

-57.97*0.31, A&(E) cyclopent= 
T&kl.UVrpectnldua 

247 4.21 21a 4.24 

a42 4.11 . 2oa 4.la mwIn=gO,mmm 

aa0 4.12 2oa 4.14 @NOl?Vi4tDWUB41U~~4~10~ 

a40 4.OI ma 4.01 



Anwrticay8DdtUtOWh-VU 
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+8.23*0.22.” md A&(l) watts -6532katl muk-’ ” 
provk&sthebasisoftheEREeduabonaforpyrazok 
and isoxaxok [eqn 01. 

ERE--AIJ,+A&,+R,-G+R> 0 

The other tams in eqn (7) are R,. the resonance 
inherent in the X-N< fragment in Worn HOH], h, the 
resonanceaWiatedwithconju&onoftheringwith~ 
tbeC-5 paenylsroupin[Arom],PndRkattrm~~frOm 
di&rentid conjugation of pendant pknyl gmupa (at * 1 
ad 3 p&ions) in [Arom HOH] and Worn]. In cakulatm$ 
s we assume RI (N-N=C) = 42 I Lad mok- 
because it should be comparable to enamine resonance 
~,“~=2*0.5kcdmde-‘fromthediueWcein 
ERE of styrene and benzene,” and R, = 0 f O.S. whence 
ERE~=25~6kcdmokmde-‘. For isuxaxole we take 
R, = 42 1 kcal mole-’ (cf. the ERE of ethyl vinyl ether 
3.6tcsl~~-‘).“ILbofcomceIrsn,mdL,whichww 
refers to only one pendant phenyl, we take as O* 
0.5kcalmok-’ whence EREb--6*5kcalmok-‘. 

Revious vrlucr for b have fallen in the 
raqe 26.8415 kcalmob-‘? what appears to be the 
dyrllmmmmofwE,providad~for 
lf&tts methy! iLao& of M”kal mole-“’ whkh 

cm~~mugiu.mhybridirrtkaoftbc* 

rtoml bodd to the arbon atoan involved in the 
dehydrationredonarenottksameintkk&rucyclk 
syatanandthealicyc6clno&LThixaapcctofE& 
evahm&ahaabeendiscumdindepthbyDewarand 

dataaddeducalabondenergysckmewhichtakesinto 
scco4mt these vadions. Using Cox’s bond contriim 
tomokcularkatxuffomlaGun~aBdtbcvahlefor 
A&(lYS for water we obtaiu “cakulatur valw!? for AI& 
(schemes 3 and 4). The diUereace between the experi- 
mental ad calculated v&es gives tk conjugal& 
aergy, a term not to k cunfusai with ERE= Assumin8 
the conjugation behveen pendant phenyl gruupa and the 
X-N< fragment is the same in [Arom HOH] and 
[Arom], the cmtjugation a&es for pyraxde (bun&d to 
a S-pknyl substituent) and isoxaxde are 14 and 1 kcal 
mok-’ respectively. 

Conjugation energies have been calculated previously 
for pyrazok, 27 kal mole-‘, but not for isoxaxok.” The 
value for pyraxuie however was considered uncertain 
because of the cl&e of the bond energy for the N-N 
bond, a term which fortunately cancels in the present 
cakulatiin. Our value of 14kcal mok-’ lies close to 
pyrro!e. 15 kcal mole-‘, and kss than benzene, 22 kcal 
de-‘.” The isoxaxok conjugation energy is rather kss 
than that for furan. 8 kcal mok-‘,” but close to 5% of 
that for benzene (cf. tk delacalisation energies referred 
to above).aD 

Calorimetric detertninations of the heat of dehydration 
provide a feat&k alternative for evaluating tesonance 
encrgks of aromatic systems, providing &hydration 
proawls readily. ERJZ and conjllg&n ent@?.l obtained 
for pywok and isoxazok show that pyrazok and pyr- 
fOkshreCOUtpUtlblCnsoaaaCe stabilidun but isox- 
axdeisverymuchkssaromatk. 

spwrror AQPlWauCII1S. .lJv !Jpcch were mcwlmi urin# l 

Unic8m SP SW spcctrophotomcteradNMRob&aiu~r 
Perkin Elmer It 12 spcctfometer opclating rt 60 MHZ. 
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C8LE -4s.s M mol.-l 
(cJ_ a)’ _ 1.7 1’ ” 

fCn&? -Et): + 0.4 ” ” 

C&N + 8.1 ” ” 
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cw* - I& + a.0 ‘1 l1 (coPa- d _ 1.6 ” ‘1 

c8pa -0 -19.1 ‘1 ‘1 -4.4 ‘1 ” 

cql* : cq? 
0p2 - HI; 

+ 0.4 ” ” c-a - (J -11.4 ‘1 1’ 

cm) - capa -4.1 ” 1’ q” Ha001 -68.9 ‘1 1’ 

Total z ” 1’ Totd z ” ” 

.a. cu00md ~8~ l -a. a hu mm1 

ccmffnwtdl. The fouowhJ omtefixlx welt pmprad uxial tit- 
crxtulc routes: fmm - 45 - dilly&o - 4 - bydroxy - 35 - 
diphcnyipymxok’ 2. m.p. ZIO-211. (tit? m.p. 2op); fmns - 43 - 
dibydm - 4 - hydroxy - 35 - dipbaylixoxxxok’ 3. m.p. In-174’ 
(lit.’ m.p. l?2-173% c& - 45 - dihydfo - II - bydfoxy - 35 - 
diphenylpynxdc’ & m-p. ISO, de~0mpod to 4 dudw 
puriaqtioo. (Et.7 m.p. 172-173); 43 - dibp - s - bydroxy - 3 - 
phcnybsoxxxok’ 11. m.p. 120~III.9 (lit. m.p. IMIZT): truu- 
chlcqnc epoxid8 1, l&p. 89-w flit! m.p. l?9-9w); erythlu - 1 - 

cbbro-2-b~xy-1J-~-3-asY7,mg. 
103-l IV (Xi” mg. 106-lU7% 3,3dipkaylpynxok’ C m.p. 203- 
203. (lit.’ m.p. 19&W): 13&ipknvlpyrxxok’” 5. m.p. 141.5- 
I4T (lit.n a.p. u4M8.9); 33dipkoyliaouzdr” & m.p. 141-. 
143. (lit.” m.p. 141’): 3gltcoytirod’ D. b.p. 12612WlS wn 
(lit.’ 124vl2 mm). 
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9.02mdclwtn~torrllurfor8minladllbwcdtocool.A 
mixture of cokurkxx needler (ln.P. 11#1!mT 8Dd WloUkxs 
lbkes (decoulpoxill9 at l79-2aFh v, (NujoQ 3210.1s90. Ms. 
890 and 76Scm-‘; sI(CDMO1 2.5-3.Wm). formal. tbc her 
proporhbein9tbeoecdkx.RecryxMk8tionfromctk8nol 
&r&d xokly the nmlkx (m.p. M-1913. Remonl of xolvent 
fromthemoUwrliig8vecolowhaecdksofrdihreat 
compound whose m.p. sod IR spech were identical with tboxe 
of i,334tipbeny&820k. Gtbcr recryst8lMn of the 
needks (ma. M-191’) fforded ~tlre rir - 4.5 - dikyh - 4 - 
hydro~ .- i3.S - rriphylpymzof~ (LSg. 48%). m.p. I!&l%S’ 
(Found: C. 79.p. Ii. 5.8; N. 8.9. Cdl,,N+I quk C. 80.2: H. 
5.8: N. 8.956): v,. (Nujol) 3W (OH). 15%. 1495. 1320. 1130. 
lO80.710 ad 69Ocm-‘: v (CF$Z@Hl2.0-3.0(m): I (acetone-h) 
1.9-35(I5H.m.W).45(IH,balfofaoABqu8rtetaftersh&~ 
with D@, .! 9Hz. H4). 4.9 (IH. half of 10 AB quartet. I4Hz. 
H-S) and 5.8 (IH. d. I 8Hx. disappeux on sbakiq with DzO. 
OH). 

cis - 45 - Dshdro - 4 - Ly&JXJ - 35 - diphlyhXozo& (18). 
e~~m-l-Chloro-t-byQoxy-I3-dpknyl-3-proplnone 
(2.6Oa. 0.01 rmk) in ethaol (2Oml) sod bydroxyhmmooium 
&r& (2 g) in water (6 ml) were heated to rellux for 5 min and 
allowed to cool. Cohnuku hkes formed @I.D. 171-176’ with 
~omcmclti~~cal4(rindiat~tbcprobbiepmcaceofs 
little 3Jdiphylixoxazde). Becryxtdlhth twice from ctband 
(IO ml) gve pure ch - 4.5 - dudlo - 4 - hydnw - 3.5 - 
diphemytisoxotde (l.lg.S9%). m.p. I%-181’ (Found: C. 75.0: H. 
5.6: N. 6.2. C,JI,,NO_ requirex: C. 75.3: H. 5.5; N. 5.9%): *,.,, 
(Nujol) Uoo (OH). 1580.1495.1105.890.735.799 and 685 cm-‘: T 
[(CD&!JO] 2.0-3.1 (IOH. m. Pb). 450 (2H. AB quutet. I 75 HL 
H4 & H-5) urd 5.20 (IH. dii on xl&m with D@. OH). 

ColorfmCrric mmwewttis. Tbesc mmxuremcntx were per- 
fonwed either with an LKB 8700 cdorimeter (xolvent Hm.1 or 
with the calorimeter dexcribal phatxly:” in both taxes the 
perfonnxnce of the calorimeter was checked by measurement of 
the beet of sohh~ of trix(bydroxymethyllunimmethe in 
aqueous hydrochloric x&La Tbmao&miml functioos are 
cxprexsed in terms of the de&ted calorie (4.184oJ) end refer to 
thehtherMlpmcasatw.Measumne MSWCTCCUlidOUt 

with solutes such that theii concentration in tbe Kod xolutiw 
was about 3 x lo-’ mok I-‘: this is suackntly dihla to conxider 
that the beats of solution nfer to in&he dilution. 

The solution procesx in xolvent chloroform took pkce r8pidly 
andmeaxurementaofbeatxofsoluthinthkxolventwerewry 
reproducibk fl* 2). S&e *fv 
vapourpresxurert25~.tbueixrcorream 

tttiw 

evapontion of the solvent into the vapour sp@X of the unpoulc. 
sepvrte experiments est&Med tlmt thix unpouk bteah# 
coaction was O.l374cnl: all heats of xolution in chloroform 
have been corrected. 

Tbe xolution process in solvent sulpburic acid was kss 
xtnigbtfoward. becauxe of slow (and poxxibly not quite 
compkte) dissolution: thus tk relatively kr#e quoted errorx in 
these caxex, even tbougb the cqbrimetric system is inherently 
cap&k of more accunte 01 reproduG& results. 
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