
PHOTOCHEMICAL [2 + 2]-CYCLOADDITION OF CJ’CLIC 
a,&ENONES TO MONOSUBSTITUTED ACETYLENES 

lYithprtdominnnee of 5; this intaeonvcrsion rcprcsents 
a cae of the wdl-blown l&acyl shiht of &y- 
_ 63.17.I8 H[&&&_d 

. luidWta4,wbenthisrciu- 
ma6cmcntmu8tbc~,arenotisomcrized(witb 
the exception of 4& see bebw). 

clo[3,l~~2~xbc 7, bat ncitbs of them is ca- 
pabkof13acylshift.ont&contmry,thcHT-dducts 
58-c8ndse+lBamMRe~totbeco~ 
isomer8 of type 6. Intcaconvdon SR*~R is comp& 
cated by tbc irrevcrsibk oxa-&-u-methane marmnge 
ment(fzfRcf*17)totricycbbepbhnoBcRwflileintbe 
ayatem SbGQ tbc cqdibhm i!3 shiftal sbropery in 
favour of the conju@ail isomer Sh In other equilii 
themtio5:6iacloscto2:1. 
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R - (a) CsH,,-n; (b) CA-n; (c) C&h-n; (d) CJirtert; (8) CHnCk 
(f) CHaOH; (g) OEt; (h) COOMe; (if Ph 
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Tabk 1. PhotocycW of cycbpknonc to RCkCH (h-h) (hitial enone caoccntrrtionr 
- 1%) 
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5d7(brod&lH) 5dO@roxdr,iHf 599u1d431(2H,J~=3&~ 
5d5 @I& a. 1H) S.lO@?oed II, 1H) - ’ 
smr, 1H) 5.7ok 1w 5.93xnd6.27(2H.J.,,=3~/3 
lrdl(d,lH,J-l.lc/a) - 
~(h1H-l 6.1# (1. 1H) 5d9xnd592(2H,J,,,-3c/r) 
6.08 (8, 1m 5111 (lnvmd s, lfi) 6.05 aa4 6.31(2H. I- = 28 c/s) 

45O(broadr,lJI) 6.17xa46.35(2H.J~-29ch) 
7.13 (r, 1H) 59J xad 6.06 (w, I.,, = 28 c/r) 

~~n~on~~of~s~~~ 
evidenaL Tberdorq the atnlctuns of isolIleric CycbA 
ductrwene&abUedby’HNMRwithuaeofEu(d@, 
and eqx&nlly by “C NMR which reliably dikentiatca 
HHJdducb from HT&dncts by cbcmkd shifts of 
oMnk arbon 8toms C-7 sod c-8 (8 135 and 145 vs b 
155 aad 125 ppm, rqWiveJyj.= On this growd a StNc- 
tluccanbcatt&Wdeventotboaeaddaaswhichwere 
iaohtedwitJJa&theillolkc a=teWrt- 

~+t+of2to3bt&apkcwitbmuchgrnter 
~tbulintkascl+saad&ordain 
262896 yiald 8 mixture of two cyc&add-b 
badlsaadbad-to-tanl6inrratio-7:1.Muchwofn 
proasdstbeadditionofI2toto.Intbiscaaetbeykld 
does eot exceed 5%. Tk mixtnre of products containa 
c3se11tially two isomeric compounds in a f8tio -1.4:1. 
Thep!vAmiWtbomerwu~as2-mcthykne- 
3-(1’-bexenyI)-cychrheuaoae17onthe~ofits 

2: 
35 
II 

16 

ii.5 
75 

Totdyiddof 
atkbcts F+fodm8ad~ntib 
(%%I 8fta Pm 

26-m ls. 16 g.0: 1) 
3-5 17. U(1.4: 1) 

4A2 lYhiE:lI 

‘H NMR “CNMR Mdnct ‘El NMR UcNMR 

ii 
5.72(bmadr,lH) 13ldud 148.2 Y 5.61 (kod a, 1H) 159.6 md Wd 
r.n(amas1w) 
5do@nmdhlE) 13&7&6.2 2.x 

: 5.78&oxdr,lH) lX6xndl47.5 
5.66(brodhlH) I55d rad 122d 

z 
5.72(kadhlHI 158.3rd 124.1 

u 5*78@wadr,lli) i3528mi146.6 5.74(44, J lA&) lMlxmll27.7 

3: 
6.36(brodS,l11) 152.5Mdl25.5 
&87@4,1HJ1.4c/x) 157.1+1&l 
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12: (W - OEt) 19: (e-c) 20: (w) 
14: (8-a) 

R = (a) CH,; (b) C.&tort; (c) COOMe; W) CN; W ph 

CN COoMe COOMa 

2l a 22+21 

ctlwt2 

spcctml cwtjcs (A 230 nm, I 1692 md 1618 cm-‘. 
d 5.14 xnd 5.89ppm) ckmely reminircent of the mcor- 
ded for 2-meth~cbheu.~ The otkr isomer 
ccwrespo~tothepormrlcycladditioaxad.rccordipl 
toitslMssspectnmmurtposscssrHH-stmctlRela 
Both 17 ad l8 m&&t adse from tk crme l&didal 
ifI_ 

Tbcenol’ethcrl3doanotrrrctwithJbe”onoll 
proioaoedimdltion.onthetootAly,enoa#1~ 
red easily. In spite of somewhat bwer ratea of 

ok5mllmdbccn8lnmdyDoted.-wbentkrerction 
w8sd~xt-~iu~hcnte0fsccolsduy 

rtwtmscouldbednnmnkrl;rftathebw- 
frsaapmngtbrwevrpontion~m 

of 8 I:1 a&K% (M+ 203) add be detecd ill the 
p&toIyntebycmbidC3U-WTbeaatmentofthe 
photolysxtext-WwithrlugcexceasofNxB&in 
A&!OHmdsubseqmtprspurtiveTLcdordcda 
CZJdhCCyraOrlcobol2lwbore~ w8ll&tar- 

mincdby”CNMR’heisolxtionofxsi&dcohol 
implies pfefe if not exclusive. formation of the 
HTdduct 2.d ill the reaction of 141 with 3b. The 
lductioo of cycbuhhcb totkcormpodhgxko&la 
w8sdsousalforxdditkdconltrmrtionof~ 
ucmdakwhaethepnrcnceofocoqMe~gouping 
c8p&kofcoxnple~nwithE4~)3~tbe 
diheaceintherapoaseoftbcir HNMRspectnto 
~sMtiagrag&intlncomrpondiplxkohols22xnd 
23+M.obtahKdfnmlkmd2krca@ctivdyontreat- 
mcmithNxBH.,~M~becomes~uchgnrfar. 



-12+ 2l-cycioddih of cydic u&maaa to mo- 8cetyha 61 

Tllecompari8onoftherqtioael&ivityfoudintbe 
cychdditbn of enone 1 and 2 to moIio!SS 
acetykneswiththe~ .. reported for their 
additiontotermiMlokftea-~sr~ 
diRCZC~bCtWCCOtk3CtWOCWS.wherartsrminrl 

ole6na with dedroMk~~tare8ctwithlor 
2 to give nlaiuly HTsyB theiT acelyk& 
aMlogsformwith1aDd2pisdo~HIi~. 
Moreovei, if the deriv8tiva of say+ acirl.ybd us- 
enolK.s8Bordwithhi&deglwofrsOorsbcbvrtyHH- 
cyclMddw8. the reach betwam 1 and methyl pro- 
piol8te3hgivc3narlyequ8lamolmtsofHH-8ndHT- 
iaomera. obviously, the ruolta do not anTespolKl to 
whatmiglltbeexpeutaJonthebMiaofcorey’shypo- 
thiamabollttheeffcctofthelrhondpokrwonintbe 
SUbStlXtCOlltk~OfpbOtOCy- 

TtlbdisqmCypornptedP,tOinvertipteCut8io 

meckmiatjcaspectuoftheeno~~ 
nektkn. 

Kineticsandthemctkespedu 
Tbc qlumtum ykkl of the nXtion’l+l+C+I ill 

cycbhexane and 2+2b+lS+l6 iu bearzw were 
measuredatW~tktbeofof~~the 
enone-aIkyne ratio b&g 1:lO and f:#),_rwpazthdy. 
Tbc amounta of cyhaddwts were dc&mmed by OIX 
fromtbecplibntioacwvapbttedwithuseofpure 
sampk8andn-c&aaiutululshndud.Inbothcuea 
thedepe&lwoftbequ8ntnmykldofcycbrdditiooon 
thesubatr&conccntrhncoaidbeexprewd8aa 
linear correktion between @-’ 8ad [&yn@. The rew 
tion1+~+h+Saisdehbedbythequation 

with r=0.!%2 and the readion 2+3b+lS+16, by the 
equation 

with r = 0.996. From tkse dilution pbtr it wu fotmd 
thtlltttleihitdygratcoacentnho 
a are 0.39 and O.lQinok/Einat fir~fziiis% 
aad 2+2b, respectively. 

The cyckadditbn of 1 to 1 i line&y qwnched by 
2$-dimethyl-13-bwlkne(DMB)aaXXdhgtothe 
equotioll: 

ad@,= l.U23+214qDMB] 

withr=037l.TheeffectofDMBonthee&kncyof 
cycloaddhncouldnotbemeuurcdinthea#2+b 
since2andDMBreacttogivermixtnreofl:1adducta 
witb M+ 178 (cf Ref. 27); chemkal compaih thus 
prevaik ova ahtrgy-tnnder proaw8. IiowevC?. the 
reaction 2+3b-bU+l6 is hearty qucachd by 
mqhlmkne accwdhg to the equation: 

ad@,-0973+7.646[Nap&tUme] 

withr-0.!388.1thwellknowntltatDMBand@uhakoe 
are edacknt quenchm of triplet statea with &>61- 
62kcal/mokwhiktJhemostprobabklmlwof&for1 
Md2appeustolkat65-73k&nok.-Hl!ace,the 

cycbrdditionof18nd2tol-rllynesmustproceedvk 
the loweat triplet at&e of the enone, t&t k, in the Mme 
mumer8Etlleeaorwlkenep~l8tiouLTbm?fore. 
the d&rent reghkdivity of photocycbaddihn of 
tbl?8eemXEstookfma8ndacetylejwislwtdwtothe 
diBcXenceainthemahiplicityofthc~excitai 
Itate. 

Tbiswasfurthercoohedbytherimilityofkiaetk 
p8mwten for the pbotornadrtion of 1 8nd 2 with 
alhesandalkylKa.ThetipktatateofthellXting 
enone8l&toaomeextel&tbev8hwofrStion 
COlkShUt8p~~tOtllCCO~lationaft&Ccyck 

8ddithratcawith- oftlwltwlb 
below) apeak ill f8vour of 8 stepwile mecklaiEm. Th!E 
fore.forthecyckmdd&nof laod2toalkynaonemay 
adopt the kinetic scheme devekped earLke’w for the 
lihmh&oni~cnones with alkewa: 

&E v~=kd,IPl (2) 

JP+A 4 -UP...4 v3=kwqAl (3) 

w...A) bd -P v.-LJw...AH (4) 

GE+...A} h’a -E+A v,=k&,IP...A}] 

0 

wbereEuxme.A+lkeoeoralkyneandGE+...A)iar 
tripktexcipkxorrkiwiallyequhkntiatamedkte 
wltidlputlycolkp8e8tomwldoctPandp8rtlyrevuta 
(withmmrhtiwdiuip&n0fenergy)tot&goand 
Ihteofrwhntll.Intbee~nforv,themember 
aIoanre6pondstotheeffectiveputofuklltli&t 
wltik the ef6ckncy of hystem cross& (&J for 
enom?al8nd2i8cbJaetomity.‘Two~ 
SW-Volmer~Canbe8pplkdtothkscheme; 
in the absence of triplet quencbel3 (dilation plot): 

;=$(I+&}. 
In the prese#x of a quwba Q (combined plot): 

f=$[l+~+~). 
WI [Al 

Sincetbcdiihnceiathetripktawgyofenonea 
(1.2) 8nd tkir qlmXba3 @MB, Mphtbakne) is about 
skc8lhok,ooem8y8Mume~tlmt~r8te~~t,8nt 
oftripktqu?dBc~do8etotherateconat8ntof 
dilWon(k&Thelatter8mouutsto7.5x1O,M-’8ec-’ 
for cyckhx8ne 8nd 1 X 10” M-’ see-’ for benzewJo The 
vaIwofKhowawhichpartoftheexcipkxiaamvertedto 
p: 

K=&. 

Prom the dhltbn plots, i.e. 0-l M [akyaer’ follow!3 

reTuVd.3JNo.I-F 
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Promtheseexpressionstheratios~and/kJkJ 
canbeobtai&.Thenfromtbeslopeoftbecombi& 
p&t (0-l VI [QI obtained at permanent conccnthons of 
thesubstrateandassuming+~kru 

ooecancakdatetbevahEofIr,Returningtoeqn(Iv) 
one obtains t and, subsequently, r = l/&the lifetfme 
of enone triplets. Kinetic pammeters obtahal from tk 
dhtion and qpencbing plots by ~BUM of eqns o-(V) 
are presented in Tabk S. 

Tbe*ofk,bandrthusfoandareinagood 
a&reement with the corresponding vahtu obtainai for 
the pMoannektion of 1 ad 2 with alkenes or I 
&XpC.s’z TbeiifetimcoftheraactivesPecksisabout 
twootdcrsofmagnitudcgreaterthltkuofthelowest 
I& sin&t state of 1 and 2 &rived from th!eir uv- 

~datafromTabk5seemtonfkcttbeeffectoftbe 
rhg size on the effickruzy of cychddition. In the 
str8iued enone 1 the energy of excitation mu8t be dis- 
sipad mainly by biawkcubr collisions wbik in the 
conformationany more &xible enone 2 it ia the 
monomokdar deadidon that pw8ils. Moreover, the 
l7itiO~illtklSiWCMCiSgR%tCftbMiDtbe 

forma; tbe raaon may be tb8t upon the reversion of the 
exciplextotkegnnmdatatesofractulb the re-intr+ 
duction of the doubk bond into six-membered cyck is 
more favoured. 

nit e#a? of substitMtnt8 
Aathereactionbetween18nd~procdswitb 

maximumspecdindiethyletkr(seebdow)),tkratc3of 
cycloadditioa of 1 to the monosS rcetylenic 
substratclJkand~weremasuraiinctheratw,tbe 

concentrations be& 0.08M in eaoee and OAOM in 
wwyknic substrate. The quFiotum yield8 of cycload- 
ditionweredctemhdatthere8ctiondepthamounthg 
to 3-56. Their values, to@ber with ilhctivc substi- 
tuent constants and the ratios of isomerk cycloaddacrs, 
are given in Table 6. 

TlBplo~oftheqmlntnmyklds~t~valuesof 
subshents shows that for all sdstntes but propynol 3 
there exist a linur axnWio0 between the rate of 
cyclodith ad the electronic clmracthtic of the 
substihn?n~latbecaseof3ttbedeviathfromlhxrity 
may be due to hydrogen bodzlg (cf Ref. 31). five other 
sub&atesgiveaserkswitharcdonconstantp= 
- 1.4ES (r= O.!W). The effect of subshunts chuac- 
tefizestberahonasm&ratdyekctropbilictowards 
acetykllic sllbstnte: the more ekdron-rich is the triple 
boad,tkeasieztake8pl8cct&cycload&ion(seeFl 
la). Intauawy. the additiona of 1 to etboxyacdylene 
*adtomethylpropiolateJLproceedwithcomparabk 
l3peeds,whilefromtbeanalogywithvinylethC!raand 
8cryiic acid defivative8 (cf Refa. 26,32) one might expect 
greaterdihrenceintheratc3ofplwoanwWn.The 
etboxy group of L bebava~ as -J rather than +R 
substituent;thisobaendonisinlioewithmanyoths~ 
dimtiugtlmtacety~bondhmuchkssproneto 
conju&on tbisn oldbtic one. This f8ct rwssaitates (or 
~3)&hchceu1 rathr than 0. conatant8 for the 

Tbereliosekctivit;ofcyclodditioninthiaaerieadoes 
not depend explkitly on the ele43rwdc natnre of substi- 
tucntf._ Fhm a dufp increa8e of tbc ratio 4:s upon 
tnmubonhmlinearaRyncasucha83etobranchd 
a&ynes3ditanbeconch&dthattbeorkntationis 
rat& sdtive to steric factors. The largest proportions 

R m @= 4ti [4M~=HH:HT 

bcsh @d -0.04 
tat-c&0 -0.07 E z 
CHP 0.1 +0.15 d.19 262 
CHPH 00 t 0.05 0.14 228 
w% w +027 0.11 0.79 
cooa (a1 +0.34 0.08 09l 

1+3e 0.30*0.os 2.6i OJS 18.00 I.57 
cm CycbbeuDe. zr)t w9l 

2t3b 
. .&.& . . . . ti . . .,& . .& . .6*&. 

(inbeatcac.WH (0.W 

tPortbemctDadlwahMexyae~m’mbcuoe,24)mported:”~-02(9mok/Ebat; 
k,=l.Shf’rse-‘.le k,=0.23aec-‘std. Pyn the vmlw of K it folbwc that 
k&&d = 1.04. 

War tbs redoa of 2 with 3-kxwc cm b”p”” WJ &:” &= 
o.Od#mok/Eiaat; k,=o.Z3hf’scc-‘*Id; 4=32wc- sld. h tk vdnc of K it 
fopon limt tJk = 6.70. 

HnhcLeah. 
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Tabk 7. The ekt of aabstitucnu iu dihcnt cycbhexcnonu 
ontbcratudrcgio~~oftheircyclordditiontol- 

hcxyneC~~bmzeac.zf) 

HOI 352 0046 7.02 
CH3 W) -E 1.87 01026 5.51 
tcrtCSl,(l~) -0.197 1.61 0.022 4.23 
COOCH, (Me) + 0.430 16.87 0.23 051 
CN (tw) + 0.660 3st - i 
w5 (W + o.al9 4.26 0.063 0.02# 
ow5 W) -0.230 0.0 0.0 - 

tBxbrpohtsdfromthefucaofdbrppan#2ofenonu2,l4c 
8Ddl4dOOtk8WI&OlllhttbOCy~~~UCll 
quickl7dmnrll~pouibkpho~onMtjoM. 

cyclodith as &tamiIKd for 34% conversions and 
the initial rates of cyclo&ition aa obtahed from the 
early puta of the adducts conccn~~P time 
cnrvc3aregiveninTabk7togcthwitii1~maisuesri- 
tucntconstanb(u.)andtbcHH:~mtioa. 

In tbc caac of 141 the amount of cyckadducts could 
notbedeminedbyGLCbccauscoftkirthnal 
inatabilhy. The rc&ctivity of 14d was cstimatal indirecuy 
by the rate of its d&panmx in tbc presence of 3b; 
thisratewascomparedwiththoscofenoncs2artdl4c 
un&rthcsamcconditions.Inthcabscnccof3btheratcll 
of m of 1Y or 14c were much bwer. 

The plotting of tbc quantunl yields againat 0. 
constanb of the enone shthcnts R’ reveals a hear 
corrchhn between the elEckncy of cycloaddition and 
the a; v&es for 5ve (pad possibly, for all six) members 
ofthisscrks.Thecon&tioncanwtbcextendedto3- 
cthoxy - 2 - cyc4ohcxenoDe l3 which is totally rmnactive 
to4 3); this ia compatibk with prcviou!J obscrva- 
tions that o~coones with beroatomic @-snbstitucnta 
react slu&hly even with most active okths or do not 
rauzt at aUP Enones Z l)r, l&,1& pad 16 give a 
scrkswithrca&acouhntp=+1SU(r=O.998).The 
accciem!ion of cycbaddith by tbc ekctron-withdraw- 

iagsubsti&nbinthecnoneagaiachactcrhthis 
reaction as moderately ckctrophilic towards aetyknk 
substrate: the more ekctron&Cent is the double bond 
iu the excited enone, the quicker it attacks the r-bond of 
the subante (ee Fii lb). 

Inthis8crks,8sininformcr,itiadiBcultto6da 
straight-forward connection between the rcgioaclectivity 
of cymn and the electronic or stefic effect.8 of 
sabsthcnb. However, any substitucnt larger than 
hydr+n~thecontentoftheHT-isomcrinthe 
cyckadduts mixtuc. Moreover, in the case of two 
simihly mbstitutal enones, 14r ad 18, a greater 
amountoftkHT-adductisfonnedbythecnonewitb 
bufkkralkyIshtituent. 

The comphon of both reaction scrks obtai& for 
simikrleuionscrrriedoutaadersimikrumditions 
sbowstlmtthe8bsolutcWhlesofpinthe8eserksarc 
cbseto15.The~(p~~1Jccmbeco~idend,al- 
tboughwithdue~~uindirectevidenccin 
favour of a stcpwbc mcch+ of cycbsddith~ isince 
thcm8jaityofconcutairucbonswithcyclic&ctron 
transfer am cm by bi l 0.7, i.e. by a bw 
e to the effect of auhstitucnb.y 
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Thcheality0ftbccorrclatioPobaeXvcdinthcsecund 
series (pi lb) impk thnt the me&&m of cyhad- 
ditionistbcsamcforallmcm~oftJliaacrkTbb 
point &acrvca attention in view of carIier su8&o~’ 
thnt such CnorM as 14c or 14e might cycloadd in their 
sillgktratkrthaatripk?tstatcs.wbmlthcreactioIm 
2+3b, 14c+3b and 14e+3b were car&d out ill the 
pnserlce of air oxypen, the rate6 of pbo@am&tioo in 
anthrecca.Wwcre2-2.5timelalowcrtJlananda~n. 
This nault scema to coll6fIll the tripkt me&ham of 
cycbaddith for all membera of the series. 

Taupaatntv &cts 
‘lktahlquantumyieldofcychddithfortbcrerc- 

ho 1+jr+lr+sa in ethyl acebtc (molar rath 
ellonc:alkync=1:10) cball$ca but inrilniecpntly when 
tcmpcratucriacafrom-Wto+7P.Atthesamctime 
tbc rc&&ctivity, i.e. tbc ratio I:&, &crcaea quite 
nmarkably.Tbesamesituathisobservcdwka2 
reactswithJ)inxybl(molarntiol:lO)attcmpc&uea 
rang&from-~to+lrP.Thedatathmobtai&and 
tbcvahEs0fAAH*alMIAAs’cakllhdthcrajfare 
given in Table 8. 

Aa the mcclnaism of formation of HH- and HT- 
isomera is probably the 8ame, the small values of AA!? 
seemtorckctaclose8hihritybetweenthecor- 
re3poDdiag tlWl&ion rt8tca. The predomiaan~ of the 
IiHcycbmdductx must be caused ratk by the 
dihrcnceiotkhataofactivation.Fromthcsyntbctk 
point of view the photocychddith at bwa tcmpaa- 
tllrca proved to be the most &ctive way for 8ekcrive 
obtcntioll of the HH-timera. 

&bent e&cts 
Theillhnccofaolveutaonthcratc3aQd~- 

tivity of cycbaddith for rcactiolu 1+3a and 2+3b 
were shhdicd UlMlcr IWldard coaditiont at ZlQT, the 
conccntrath.s beii 0.16 M in enone and 1.60 M in alk- 
yneintbearstcascand0.25MincMmcand2.5OMin 

rhyneintheaecond.Tbcrclativerateaofcychaddhbn 
~tbcratiosofbomerawercdWmieedbyGLCas 
kchd above. The rtlulta are given in Table 9. 

AacanbeaecnfromTab&9,ontkw&lethcrcha 
kodcncyfatherataofcych&Jithtodeuca6con 

iar aolvmlta. The ratio . . 

till-L 
latter. h rprotic sohcnb both reactha ahow “satis- 
factory” @+0.90) hear corr8lahn between the 
lLwlrihoftbelatioIHHu[HTlaadthcKirlnwoocc 
ollm#er pammeter n=d(r-mw(24) wkc d- 
dmdty, wikkctk Lxmmllt and Mw-mow weight 
of the Avent Pa the ructicm ltL-4mtSr iu six 
aproticaolvcntathis&pe&ncebduhbcdbytbc 
CqaatiolIz 

+z! =oA46-0.362~nx 100 (r--0.951). 

IatJhacriuac8tonit&deviatasomewbatfromt& 
aNrelahn,althgh~trend rcnminstbcsame.For 
tk reaction 2+3b+lstl6 in au 8ohmta trkd the 
comAtioniadckbalbytbcequath: 

hi 
==0.885-0J31~nxlOO (r=-0.938). 

Thepbboflog[HHY[HT1vsnforbothrcactionsarc 
narlypurllel(sccA&2).~intplieatlicide~of 
theat8bihgaoIvalteffcctupontkin~ 
a&rtra&hslatufabothrcactio~aodhcncea 
cbacsimhityoftbc&especks.haoheabcap8bkof 
formiDghydra#mlboi&tbedWiatio~fromt&Kirk- 
~cquathlbcunllcpos*.)‘Indcai, 
~lrertrwith1inM-BoOH(nx100=0.4~the 
ratio4a:5r8illknto13030ill95%aqlMMAcGH(nx 
100 = 0.66) even to 0.70, i.e. the ratio beconKa rcvcna,l 

. iu favour of the HT&omcr. 

T-P. 
ile&ioa m (A&m) m (b$zk) E; 

023 f 0.0s 335 
0.2ho.05 2.10 -136 -3.8s 
0.2s*o.a5 135 

. . o,.k . . . .ui . . . . . . . . . . , 

0.048 1.02 
0.049’ 5.5s -0.08 +0.83 

- 4.42 

vml Dl:l=l 
e-1 d 

n=m.mXld 
It% 1t3L I+% 1+1, 

CY- 0.18 081 0.79 230 6.2s 
0.X 0.92 1.90 7.00 

gL8tC 032 038 0.64 1.00 0.83 0.64 ifi 2.m 6.70 5.20 
0.63 0.76 0.72 1.7s 4.60 

E 0.91 0.12 oJ9 I.51 1.93 ii1 
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