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A~hooehrmPaaraue~e~~~d\P~thCPUtyerronthe~eoi~~- 

nide ehift reagent6 for clarification of NMR l pectra (eee Ref. lfor arecent liatof referen- 

tee), effect8 of tampemture vaiation h8ve received little attention. The only ime8tlgetiona 

of this subject?,2 have &mm thnt, In accord vith theory, the mgnitude of the lmluced ehlfte 

wMillveraelyproportionaltotempereture. !l%ue, In the ceee of a europlumehlftreegent, 

lcmxing the wture reeulted in damfield ehiftrr Of the rlgnal~.~ We nowul8htorepxt 

an ammlm~~ mature effect In Eu(fOd)phlfted spectra Of l.lmonolde.* 

Fig. 1 e&we a tgplcal exmple of thlm phenaanaa. Hereanlncreuelntemperature 

cmseo mveral proton signal8 af limmin (e.g., 6a, 6~, 15)t0mveupfield, as expected. HOU- 

ever, reveml other resonances (e.g., ~,17)simltaneOudymve dormiield. Thin shift of 

rQnala in0ppoaite directl0newae observed Over a rarlety of temperetore rangee andRu(fod)~: 

lUx3ln ratioe. Itvae ale0 reenln the epectra of other llmonoide. Fig.2 ehwe graphlcally 

tha variatioae in wl(fod)~-ioduced ehiftr of three eelected prOtOn Of 0bacunone with tempere- 

ture. Ibcratbe2~~~,vhicharadlnoet~~~radat-200,havcppDnd4.5pa 

llpartat500. 

Thin mature effect ten be of mat practical value. Althcmgh Eu(fOa)g effec- 

tively opreada aut llmonold epectra,tha large nuderob ~ignalspewmt~a ~omc ~verlapplag 

iaavitable at any given concentration of ohift reagent. Vargingthetemperetureprovidee a 

e~lrrthodforaovinga~~fKIlPe~hothar,~ehovnin~.1. Wehwefoundthet 

inmoetcaeer lncreeeingtlM3 temperature glverbertreeultisln clarifying epectra,viththe 

addcdd~~thatriPnrlrbccore~rat~tsrpmtwe. 

*Part ofthirvorkwatxpreaented at the llthannual~tlngofthe Phytochemlcal 
Society of North Amerlce, Monterrey, Mexico, October 1971. 
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Fig. 1. Portions of l@dR spectra of h10rdn at two bInpS?atWeS in the presence af 2.2 molar 

equivalents of Eu(fo$. SpectxawereruninCDC~atl.CCMHs. 
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The teagerature effect CM also be used to advantage in assIgning proton resomn- 

ces. In monofunctional ccmpcunds protous closest to the site of coordination show the largest 

induced shifts, aud asslgnmnts CM be made on this basis. Limonoids, however, appear to 

complex with Eu(Pod)3 et tuo or mre sites, and thlr makes the relation between the magnitude 

of the Induced shift of a particular proton sod its position in the molecule ambiguous. It 

is therefore of significance that the movemsut of a proton sigual ceused by temperature 

change, in terms of direction and magnitude, does seem to be correlated with its position 

relative to the nearest coordinating siteinthe molecule. In Fig. 1 the protons close to 

the +zarbouyl (1, 2, and 19) all move dovnfield as the temperature Is increased, with the 2o 

signalmovingfastest. Of those protons adjacent to the 7-carbooyl, all three move upfield, 

but the 60, and 68 signals move much fester than the one at C-5. We have tentatively msde 

assiguwnts for the four methyl resonances of llmonln (not shown in Fig. 1) on this basis. 

This subject, aud the question of ths Influences acting upon the H15 signal, will be discus- 

sedinmre detailelsewhere. 

PPM 

(6) 

r 

2 

15 

6U 

Fig. 2. chemical shifts of three protons of obecunone in the presence or 0.6 molar equiva- 
lent of obecuuone as a function of temperature. Spectra were run in CXC 

4 
at loo MHZ. 
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Our observations suggest that the CtXUpetitiOil Of tW0 Or mOre Coordinating sites in 

the molecule for Eu(f~+3)~ may be influenced by tenqmature changes. Thus, In the example shovn 

in Fig. 2, the +carbonyl could be cc@.exing more Ru(Pod)3 at higher temperatures, at the 

expense of other oxygen atoms of obacunone. This effect could be due to temperature dependent 

changes in the steric requirements of Eu(fod) 
3 
or in relative basicities of the coordination 

sites of obacunone. It is probably not caused by conformtlonal changes In the llmnolde, 

which are fairly rigid molecules. In the absence of Ru(fod)3, their spectra are notsigni- 

ficautly effected by temperature changes. Italsoseemsuulikelythatthe anomlous tempera- 

ture effect is related to the pheuomnon of upfield shifts with Ru(@m), recently reported 

(Ref. 3, and references therein). In no case have we observed a net upfield shift of a limo- 

nold resonance relative to its position in the uncaaplexed spectrum, i.e., In the absence of 

NfoG3. For example, the e-proton of obacuuone mve8 anomalously upfield with decreasing 

temperature (Fig. 2), but even at -20' it Is still far from the original position of this 

signal (5.97 ppm). 

In view of the wide variety of temperatures at which spectrometers are normally 

operated in different laboratories, our findings further emphasize the need for caution in 

comparing data on Induced shifts. 1 0verarangeof20°, not ouly the magnitudes of the shifts 

but also the relative positions of the signals may be drastically changed. 
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