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AbStnct-CoQcellbation sod te -enI NMR cbhcal shifts for makic anhydhk in pcctoae and 
bellzelle sohtioll arc intaprctcd in terms of cquiiii bctweell mononws and .9ahellt-solute mokcular compkxcs. 
cploriwtric heats of dilutioa and heat.9 of sohlthl give tbermodyaMlk parameters that m with those 
dctamiod in tbc NMR experiments. The thermodynamic pawneMs obtahed arc similar for both systems. imd it 
is poss~We that the prwioasly cshbhbd role of a gmmd state complex in the bcnzeac-makic anhydride 
photochcmical cyclosdditioa lmctioa can be extended to the acctolbwdc lc anhydridc *tocyc1oadditioa. 

Static quenching of excited states due to ground state 
complex formation is a well-recognized phemxnenon~s 
and the biilectdar requirement for photocyckaddition 
supports suggestkns that ground state co?kxes could 
be important components of such additions. In previous 
papers, we have reported equiliium constants and 
thermodynamic prope&s of donor-acceptor com- 
pkxes’ and mokcukr din& of ketones and aromatic 
hydrocarbons in CCL solution using an NhiK spectros- 
copic technique. The association constants were small 
(K = 0.014tO M-l), and we con&led that these types 
of ground state interactions may not be sign&ant in 
photochemical processes at low concentrations of reac- 
tants. 

In this paper we describe two additional systems, 
makic anhydride-benxene and makic anhydri~ 
acetoy, that are of interest in organic photochemistry. 
In these studks one of the reactive components, acetone 
or benzene, acts as the solvent and is therefore present 
in relatively high concentrations. We interpret concen- 
tration dependent and tempemtme dependent chemical 
shifts for makic anhydride as beii due to formation of 
equiliirium concentrations of donor-acceptor mokcular 
compkxes. 

Donor fD) + A-&(A) = Complex (C) 
(Acetone or 

benzene) anhydride) 

Concentration dependent heats of dilution and heats of 
solution. determined calorimetricaUy, are in agreement 
with tbe equiliiria parameters obtained in the NMK 
experiments. 

In both cases, a substantial fraction of the maleic 
anhydride is present as complex. It is therefore possible 
that these ground state compkxes are involved in the 
photocycloaddition reactions that take place in these 
systems. For the makic anhydrkk-benxenc case this 
contention supports previous descriptions of the 
mechanism for paotoaddition,~‘3 where excitatkn into 
the charge-transfer band has been shown to lead to 
photo&&t formation,Q and where tripkt sewitixem 
are presumed to be quenched by groumi state com- 
plexes.” In the general case of oxetane formation from 
-t defins and acetoae.‘c“ the possUty 
that ground state okti+ketork compkxes mediate the 

photoreactivity has been dismissed, since no evidence 
has been found in the uhraviokt spectra for ground state 
charge transfer complexes.‘7*‘8 

Ahltedds. Makic allhydridc @flstlnan olpnic Chamicals) 
was recrystahd twice from benzene-CC& and subbed. q .p. 
539 halytkal grade acctanc, bcfucne, and cyclobcxanc gave 
singkpdsillNMRspectraalldgaschromatognmsat-~ 
sensitivities. TIWY wac usul withcut flutha Dmibcation. sohl- 
tions welt prep&d gravblwbicauy. 

NMR mmswemmts. Spectra ware obtained with a varian 
AaoNMRspectrowtercquippedwiththevbo4ovariabk 
temp. conbolkr. Before taking spectra, each sample was mrib 
taidatprollctcmp.illPconstanttcmp.bathforabcut300 
Tempcwnxwaemeasuredusingtbevariansta&rdMco~ 
ad ethykoc glycd sall+s. The ambient probe temp. was SW. 
SwlxptimcwascAwolkdat1Hzpersecaadtbcllarrowert 
possible sweep widths were uSed in order to secluc the most 
acculatc measulwncnts. 

Caloffmehfc meizsmmwnt~. The cakrhta used iu these 
expcrimmtawasthcT~Modcl45OAdhbtic~ 
equipped for batch opera&m or thcrmomcbic titration. Neo- 
pleaeo-lingsus4?dtoscaltbe1ooaDd2oomlglassrwtilm 
vessels to the calorimetric assembly had to be pceswellcd with 
tbc orgaak solvent before each run. The solos were blallktcd 
withnibugmlsatluatcdwitlltbcorganicsdveat~lMcd.The 
bridge seositivity is (1.0 x lo-‘)? Tbc titrfmt ddivcly system was 
ailibtiul w&e.ly, and tbc cahimcbic system was periodically 
calii el4xtridy against a phtimun nsistaocc tllemlomcter. 
Frequent checks of the calorhter against standad values for 
tbebentofsotnofEtOHaadKCIinwPta.lP”andtbcheatd 
reacthforNaOIbqwithHCf’wcrcchalaut.Mae &t& 
of tbc expaimcatai plccahw ale given clsewhcre.n 

Andy& of the NMR duta. The applicability of NMR &cm- 
kalshiftdatantothecqui&iumdepktcdineqn(l)depcnds 
upontbcobscrvatbaofatimc-avaagedchnicalsbiftfora 
particular nuckus in two mokcular environments. 

Intbcplweattib~‘aod~earctheshiftsofmakicanlly- 
dlkfeprotwhpacomplucdandwmp&xcdformrapectively, 
N,“iatbcinithlnnmberofmduofudeica&dridcintbc 
aam$bk.ndNcktbcmlmbL?rofmderofcomplcxedmakic 
anhylwc.Eqation(2)aDlbcrcaInO&toykld 

NC I UW - 4,” A bW 
c &o-a,o =-Ty (3) 
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xc K = x*x0 
(4) 

b(obs) = [A hW=JL” + j& 
XD &&,” l+K 

The &It Of A (ObS),&,’ VS [A (obs)]‘x,,“/&,o fiCS B St@lt line 
whoscskqbcandintaWptdetcmhvahusofAcandthecquil- 
~hiumconstant.Thisquatioohastbeadvan~tbatnofwtIic- 
tionsofcoocentratblMlimititx~asinBcnesi-W 
brandtypecquatioas,~butitsoseiscoafintdtobinyrsdns.A 
more compkx beatment af the experimental data for the bii 
sohsofbcnxenewitbmakiianhydrhwaslqldrcd,alKlwiubc 
discus&M. 

In solos whue an inat solvent (cycbbexaoc) was mixed with 
the donor solvent, and the ho of donor to makic anhydride was 
large. an approximate cquatioo was derived. 

AW.M-&@l 
0 XD 

=-KA(obs)+KAc 

wlmausymbolshavetbcsaolcmcaohgiasintbcpnvials 
cqoatbos. This cqoatbo is similar to previously derived qua- 
tiouP= for trulnalt of complex formation constants. An data 
wcretrcatcdbykastsqnaresregrcssioaanalyses.~ag 
proximateequatbnswcrecomparsdwithafnlltrentmMand 
tested with syotbctic data to demonstrate tbcii validity io the 
ran,geofconceotrationastudied. 

ha/y& of the calohehfc data Two types of experiments 
wcrcc.a&dcut.IothetlrstaconcsotnofmahGianbydtidcwrs 
PllowedtomixwitbporedooordvalSandthchcatofdilutbo 
o(dinwas~med.IfNr”andNrrepnseottheonmbaof 
ii& of compkxcd m&k-a&y& in-tkc wuc aad dil solos 
rcspcctively. tbeo tbc heat associated with the dihltbo process is 
riven by 

QW = (NC - NC%&. 0 

whae~HIiath6hauofcompkxfom&m.NcradNcoarc 
rdatedtotbemolefMioacquilibriumcwBMandt0tbe 
s oz&z n&a of dooor and acceptor mokcuks by 

e 

Nc = (NA +.Nd 
2 

N o=NA~+ND~ 
C 2 ’ @ 

Inasaiwofdilntionexperiments,asiagkpairotvalms,~l 
andK,miuim&sthesumsoftbcsquarcsofthedeviathof 
caklucd d obWWd Qs, zrQ(cJc)-Q(~)l.2* . 

Tbc SuxlKl type of expcrimcot im&cd d&amm&o 
os of the 

beat of WI0 of maI& allbydride in the donor solvcllts. If 
tflkUplflCCtbCbeatCbllll@IWOCi&Xtwith 

Q(aol) = NA’AHs t N&In (10) 

wbmAH.qistkbm!afsohltiollandIheotbersymbolsretain 
tbe&prcvious~.Oieaa*oftbecquitiicon- 
staot,NccanbcoMaioatfromcqo(7).Inasuksofexperi- 
mcnts. a linear plot of Q(solMN,’ vs NC/N*’ has slope AHHI and 
intenXptAHs.Iathisa&oach,indqe&ltvahlesofthec4luil- 
1hiumconstantareollhcdeitbcrfromtbeNMRexpcrim&lts 
orfromthchtofdihtthexpahnts.Thevalucscammtbc 
measlKcdwithmdfkkatpn?ckiontoallowonctoobtainsimlll- 

tancoussohsfortitluecindcpcadeotumstaatsin~(7)aDd 
(10). 

RmJLTi? 

hfufck unhgdridc-acerm ne mule fraction of 
makicanhydri&inacctonewasvarkdfrom0250to 
0.008,aIKithechemicalshift0fthcmakicanhydridcwa8 
obtained at 39.8” (NMR probe temp.). The shift position 
was found to vary fram 427.2 to 431.0Hz (TM!J = 
O.OHz). The chemical shift of uncompkxcd m&c 
anhydride in cyclohexanc is 403.2Hz and is COIKXI)- 
tration independent at low concentrations. Fi 1 is a 
plotoftheclmnkalshiftdllta~toupl4whkh 
assumes simple oneto-onc compkx formation. From the 
slope & is found to he 48.OH2, giving the resonance 
position of a complexal maleic anhydride mokcule at 
451.2Hx, downfield from the uncomplexcd molecule. 
The equiiiirium constant is &terminal to he 1.37 (mde 
fraction units) and the correlation coc5kknt for the 
plotted data is 0.992. 

The temperature dependence of the makk anhydride 
chemkalshiftiailhu&aMinTahk1.Inthisexperimcnt 
themukfractionofmakicanhydridcwasma&ined 
constant with only the talQKzature being varkd. 

Using the value of the chemical shift for the compkx, 
& = 48.0 Hz, and assuming its value to he invariant over 
the temperature range studkd, cquilihr& constants at 
each temperature can he calculatat” Theac constants 
are also given in Table 1. The temperature dependence of 
the cqliliilium constant permits ohGning the cnthalpy 
and entropy of compkx formation. llz valnea calculated 
are AHR = -3.2 kcaljmuk, As, = -9.9e.u. The car- 
relation co&ciit for the M of the data to the van’t Hoff 
equation is a rather poor 0.959. Nevcrthekss, this type of 
experiment ~a.9 not nqcatcd since the thgmodynfunic 
parametnsaremoreaccuWclyoMaincdfromthe 
calorimetric experiments to he dcscrii 

Heats of dilutioa experiments were carrkd out aa 
follows. Approximately 3Jml of a concentrated makic 
anhydride solution in acetone was added during a 10 min 
period to a measured quantity of pure acetone. The 
titrant solution and the pure solvent were hoth main- 
tained at 25” before addition. The total heat evdvcd 
duringthemixingprocesswasohtai&at5equalin- 
crcments of added solution. Using the data summa&d 
inTabk2,optimumvahaesofKand~n,obtainedfrom 
the non&car kast squarea treatment of cqns 0, (8) and 

A 
I P I 



T~tM.tUe 6 K (tklculeted) 
(OK) shut (Ih) 
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313.0 k30.7 27.5 1.36 

290.8 432.0 29.6 1.63 

278.3 434.0 31.6 1.95 

260.3 437.1 33.9 2.41 

255.2 540.0 36.8 3.26 

244.0 444.0 41.2 6.14 

tile fraction deic m&hydride - 0.0326. 

Table 2. Heats of dihhn, makic anhydride pad acctooe 

Total TOtd rotel CAleokted calcoletod 
&catooe met 
CLblu) KVOlvsd 

A% As 

(mloriw) Ealo?ie~) (hloriem) 
1: - 1.50 K- 2.00 

1.58691 0.0 0.0 

1.59515 o.oo225 -0.5057 

1.60479 0.004M -1.oo6o 

1.61373 0.00675 -1.5010 

1.62267 O.OO9OO -1.9907 

1.63lSl 0.03i25 -2.4753 

-3610.2 -3760.2 

-%lO.h -3759.7 

-3610.6 -3759.1 

-3610.6 -3758.5 

-36lo.a -3758.0 

Tabk 3. Heats of sol&m. rmkic anhydride in acetone 

1.77652 o.oo9o97 9.4432 103a.l 

1.69675 0.006174 6.4008 1036.7 

1.70790 0.003446 3.5676 1035.3 

1.74396 o.oo1465 1.5152 1034.3 

1.8079b o.oooa3a 0.1)664 1033.9 

I.73607 O.WO344 0.3556 1033.7 

(9),arcK=158,AHll= -3.63 kcallmole, wltu~ce A% = 
-11.3e.u. 

Given a value of the cquilii cunstant, beat of 
complexfornWionvohrescaIlbcdirectly~from 
tbcdatainTableZQuitcalaqcvariathintbeapdli- 
bhlmcuMtaotgivessmallc~incpl~hcatsof 
compkxforumtionasilhuWalintkctabk.However, 
evcll though the c.&&cd A& vahics arc rehtivcly 
inscnsitivetotbeassnmcdKvahes,onlya.sin&opti- 
mum value of K does not kad to systematic smrll 

. . 
lWllWlMhthesaiesOfC8lCllktedAHI~.AC- 

Codil&wcbclievethatthctbamodyapmicpenmtsrcl, 

bnal!dolltbcchcnwm$kxformathomodel,canbc 
deWmhalwithhi&accuracybytbismetbod. 

HcatsofsoMionatW,d&mhalbymcasuhgt&e 

heat a9aociatal witb dissolution of mall amounts of 
mekiclUdlydIidCinacetone,SUppOttt&ClXX&BiollilJ 
thcprcccd&parqrapb.T%escdataaregivcoinTabk3, 
and can be very ckmcly f&ted by tbe linear cqn (lo), 
suingtbevalueK=158fromtlteprcviouswork.Thc 
cakhtal heat of complex folmatioll (AHr) is tbal 
-3.73kcal/mole, aDd the beat of !4oln (A&) is 
+3.32kcaUmok. The multi& correlation w&cicnt is 
-l.ooO, so a graph of the equation would not be in- 
formative, and is therefore not pfcscnted. 

hf&caRh~~TbeNMRcbemicrrlshift 
ofmalcicantlydrkkinbcIucncis~ydepeadentupon 
cunxntmtkm.Anql4kldshiftfnwrmcompkxalmalcic 
anbydrkkJisob8avagincontrasttotbcdmv&ldshift 
inacctonc.~echepaicalshiftsat3O.~an~in 



0.926536 

0.942294 

0.956306 

0.964791 

0.972753 

0.961449 

0.901449 

0.990067 

.071462 

.057706 

A3692 

.035209 

.027247 

.016551 

.012551 

.0099x3 

-63.5 -63.1 

-66.5 -66.5 

-69.6 -69.9 

-71.4 -71.6 

-73.1 -73.6 

-75.6 -75.5 

-77.2 -76.6 

-77.6 -77.3 

Tabk4forabinaryaaksofsohhoasinwbkhthemole 
fraction of makic anhydride is less than 0.10. Also, in 
ordatoobtainabcttcrundcrs~ofthcsystcm,tbc 
NMRqKztrumwasexaminedintheprcscnceofalliaat 
solvent (cylohaDc), varying the mole fraction of bcn- 
zcncfrom05Oto0.!Mwbikalwaysmnintainiagavery 
laroe excess of bcnxcnc (20 fold-100 fold) over maleic 
anbydride.TlWdaEaSniIhlStWdiDFig.2. 

ThedatainTabk4donotconformtothcpostWcof 
a simple mixture of donor, acceptor, and one-to-one 
dOlKW4CCCpbCOlllpdX.Allirrational~VC~ 

briuJnumatantbobCeinedwhcothedataarctrcatal 

acccdBgtoeqn(~.Illumtrast,thedatathatgaverisc 

to Fi 2 arc w&behaved; use of cqn (6) givc!l an 
cquilhh c4matant of 2.125 (Mok fractkn units), a 
& = -118.2 Hz, and con&ion codlkknt -0.995. 
Ratbertlwlaacriitbcacdiaumhltrcaultstofaihtreof 

matbematrcal trcahenCw a duth nmidcal- 
%- we have examined altan& simpk models of 
compkxformathtorcctifytbedata. 

Two+one molecular compkxes have been idcnti6al 
asthcsMlrccofanomalksinagliliiconstant 
detaminations in several prevhs studic~“~ However, 
tbc data of Table 4 still give a negative c@iiri~~ 
constantwbcntrcatalbyaacquationdcrivedontbc 
basis of termold compkx formation. Approximate 

1 I I I 

-IK, - 
. ..*- 

_&... 

.p . 
. 

-OO- . . . 
A .” . 
-40 - . . 

.* . 
.* 

-2o- *- 
. 

. 

I I 1 1 
a! OI) OB on 

form!JoftlIctcmwkch cquntioncanbcobtahedby 
z&ingtbcusualassumptknsoftbeBenesi-Hildebraad 
lwtllod.1tisintcrcstiagtoaotetllattheapproxinlatc 
equation8 do give positive vah~cs of cquiliim con- 
stants with high comhtion codlkients. The fact is that 
tbefulltcrmokcukrcquationdocsnotconfifmt&ese 
vahws.This~yindkatcthatpreviauswortofthistype 
o&&o be “ve$iw+. 

-aawmbon of either donor or acceptor is also 
posaiile in tbcsc solutions. An cquilii constant for 
mokculardhhtionofbcnzeneisavailabkfromour 
previous woxk” K = 0.0063M-1 in CCI, soln at 37”. 
This constant is very small, which is in 8grccment with 
c&dated c&mates of tbe interaction energy between 
hvo benzene mokcuks (less than kT at room tem- 
pcratuR)o* Therefore we consider that the sclf-asse 
ciatko of makic anhydride is tbc only possibility of this 
type. Assuhg simultaneous cquilii concentrations 
of mokcukr diuws and donor acceptor compkxcs 

K,=* (11) 

K,=* 
AD 

(12) 

anquatknr&tingchemicalshiftsfordimerA,and 
complex AZ to the abscrvai average chemical shift A of 
makii alhydridc can be derived. 

Anhpoltantassllmptkllkadillgtotllkequationktllat 
dimcrconccntrationismwbsnudkrthancomplexcoo- 
centrat&acircIunhnce highly likely to be fultilkd 
bccauscoft&ehighratkofbcnzcnctomaleicaahyQide 
present iu all of our studks.@ 

ThedatainTabk4areprccisclyconhtedwiththis 
equationuaingtbcvahwK~=2,125inthescamdtamof 
the dcpc&ot varkbk. The slope of eqn (13) b 381.51, 
the intercept in -79.34, and tbc multipk umhtion 
coducknt ia oJ!J5. Tlw result& calculatal clEmical 
shifts for makic anhydride are l&d io tbc fourtll 
columnofTabk4.Tbevalueoftbeintcrccptcanbe 



Mokcular complexes of nukic aubydlidt with acctooe and lx.!Keoc 

%perimm.e cendd out et 39.s: 

independently obtain4 from the equilii constant 
and compkx chemical shift de&mined by the experi- 
ments in cyclohexane as a co&vent, From those 
experiments &Ad/(1 +Kx) = -80.38, a value in close 
agreement with the binary sohltion value. The agreement 
is supportive of the assumptions that have been made, 
but of course is not absolute proof for the monomers- 
dimascompkxes mokcular model. 

Cakrimetricdataforheatsofdihltioninthissystem 
would be very dittkult to interpret. Four independent 
thermodynamk parameters would govern the dihrtion 
heats, and acuuate determination of this amny 
parameten from calorimetrk data is not feasiik. We 
did carry out heats of sohttion experiments at very small 
fiasl mole fractions of makic anhydride in benzene. The 
dataarelistedinTable5.Underthesecondhions,eqn 
(lO)crrnbeusedtotreatthedaCawitbconcurrentuseof 
theequiMumconstantforcompkxformationfromthe 
NMKstudies.Theheatofsohrtionformakicanhydrhk 
in benzene is found to be +3.26 kcal/mok, and the heat 
of complex formation is determined to be 
-4.20 kcaUmok. The correlation co&cknt for the data 
fit is -0.999. FEnany, the entropy change for compkx 
formation is calculated as ASa = - 11.7 cu. 

The results obtained in these NMK and calorimetric 
studks are summarixed in Table 6. We wish to 
emphasize that the data obtained cannot be interpreted 
without the assumption of a molecular model. We have 
assumed that these solutions consist of mixtures of 
solvent and solute mokcuks in equilii with mole 
cular complexes. It should be noted that the experimen- 
tal data per se yield no evidence concerning the exis- 
tence of compkxes in these systems. Alternate inter- 
pretations in terms of solution non&a&y& could prob- 
ably descrii the properties of these solutions. We bel- 
ieve the discrete molecular compkx model is reason- 
abk,@’ and that the consonant results obtained are sup 
portive of the assumptions that have been made. 

ThedatainTabk6canbecomparedwithprevious 
work on the benxene-maleic anhydride compkx. A study 
of the charge-transfer spectrum in CHCl, sok gave a 
wave-kngth dependent equilibrium constant K=0.6& 
0.85 at room tern~.~ A correction for benxene concen- 
tration in terms of the well-known association of hen- 

Tsbk6.‘IbwmodyasmkpnmdmaatNMRche&atrhittsfor 
aukicaahy&ideccalp&8 

I (39.6YQ.- 1.37 ma 

K (25.O.C) - 1.56 nmtm of Dilutioo 

dan - -3.2 talhle mm 

dan - -3.63 hml/vla Buta of mutim 

62K - -3.73 Lullale hatm of solotloo 

49K - -9.9 a.". Rmad om't Eoff Eq. 

Afil - -ll.3 e.". lxotirq aId vm't Hoff Kq. 

AI+, - +3.32 kcd/mla katm of 801utiun 

AC - +A&0 & m 

MldCAShYdriQ-kWlW 

K (3%8'C) - 2.13 mm 

6s - -4.20 U/wlm neata of 9olutilm 

6s - -ll.7 ea. rm't rnff Eq. 

AI+, - +3.26 kcalbla kata of Ilolntim 

AC - -ll&2m Km 

1% - 597 RR 

?me with &altCIiclP-Could acculntfortbe 
dkCp@OCyWitJlOmfCSUltS.ChU~Vi~rsported 
NMRvalueforKinCCLsdnis0.21M-latn”’Tbe 
mokl volume of CCL is 0.1011 at this temperatme, 
givinganapproxi+evahreofK=206inmokfractkn 
units.&alcu&mofNMKdatafromataqe&ne 
studyofmakicanhydrideinbenxene,~usingourvahies 
of P (makk anhydride) and AC, gives AH= 
-29kcallmok and AS= -7.Se.u.. in approximate 
agn?emmtwithourcakrimetricdata. 

Thenatureoftheground-state&ractknbetween 
makicanhydrhkandbenxene,intzume&mwithpho 
tochemkalstudieshasbeenthesubjectofseveral 
pspen. ~“-Thepromnm&up6eldNh5Kshiftofthe 
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dCiC8tlhYdIidCpWtOtlShbCClliD~tCdiUtcrmS 
ofacbsdyawociatedaroumlplcx(1),' wm?spond- 
ing in strll~ to the initial pbotocychld~t. 

0 0 

CO b 
0 a CO 

-\ 

cO 
t 

1 2 

ourNMRadtbcmmdyMmicdataindicatethat2546 
of malek anhydridc is present as complex unk the . . 

tLTon&m- of photocycloaddition. The frac- 
zEEonlpkxwouldonly-to104batW and 
thisdoesn’tJeemtobeasufficient-toe&lain 
the cQqete absence of cycloaddition at this tcm- 
peratme. IlE5chcy of cycloadditioa in an excited 
colnplex(-~- ) might account for 
the observations. The detailed nmhmsrn 

. pn~y 

&” contahu a step for deactivation of excited 
molcadar complexe3, wmpctiog witb cycloaddition to 
gCldtlk?MCtiVCiIltCmdhtC 

lllere arc no prwim St&3 on Coalplcxcs of m&k 
anhydride with ace&me. ‘l-be dodeld shift of the 
makk anbydridc protons in the complex, & = +48.oHz, 
is cons&at with a stn&urc in which a major contrii- 
ingforcctotbein~ularintcractioni!3dipolarin 
nature (3). After excitation of the ground state, a 
ra3rkntathoftktwomokcukswouldbercquiraIso 
thatthcaddehcouldll&rgothe-cyc~- 
dition rcactkm favored by pcrtmbhnal MO cal- 
Culatioas.“” 

bC\ 
‘C--n 

/- 
“SC_ 

0, 

Qcil a 
oc’ 

At W, in a sohhm of makic anhydride (OZmole 
fmction)inacctolK55%oftlkeaohltcexistsascompkx, 
andthisfrMionsbwlyiQcIeW with decreasi mole 
fractkm of makic anhydride to 61% at hfhite dilution. 
weth?rcfoIecoaakkrit8cn8iitoposhllatcthntthia 
compkx ia involval in the pb5tochM cychddition. 
!siQcephotoc~atudicabavenotbcencarriedont 
withthispoMMityinmiQd,exteadaIfurtbu~ 
iatiwarrantal. 
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