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CALCULATION OF LANTHANIDE N MR SHIPT DEPENDENCE ON PROTON DISTANCE
AN ANATYTICAL APPROACH
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In our recent investigations of europium shifts in the N M R spectrum of
an alkaloid lactam Lupanine /1/ we have found like Cockerill /2,3/ that induced
shift ZSS of a given proton is directly proportional to the inverse square of
its distance R from the complexation site :

NS =kr®  n=2 K = constant
lany other authors preferred n = 3 , assuming pseudocontact nature of the
phenomenon and basing on the graphic analysis of experimental data /4,5,6/.
This discrepancy led us to a closer analysis of the calculation methods used.
There are two of them :

1. The n value is adopted that gives straight line corellation betweenl&s
and R™® , This may lead to confusion if there are few experimental points
measured with large errors, which is frequently the case,

2. Plot of log OO vs. 1oz R is a straight line for every R type
relationshins. The slope of this line is equal to n /7/, and may be calculated

from 158 and R values for any two protons 1 and 2 3
logfls 1 - log[§8 2

log R2 - log R1
Possibilities of approach 2. were not fully realized up to now.
We report here the application of this method to analysis of experimental

results obtained by different authors /Table I/.

2829



Ro.30

2830

aAoQe Se 90*zZ - 29°L 2 weqoeT m\gﬁa\sm L lsxougne squessad
woge uedlxo
WOII paInsesw ¢
8J9M s90UB]STD ¢°e ¢g*e gOWTXO /uaa/ne LL | TASUONTON °*M°Z
v ¢°L el peqels qo0u SuouUSIONTT m\sma\a.w oL TYSMOXTOM °*M°Z
vV GeL oL pejels jo0u suouepuT m\Ema\pN oL THSKRONTOM °M*Z
Y¢0+¢ Loz ¢ surptabd | €/maq/ax | o | THsmoNToM *m'Z
Vv ¢o+¢ [ % ¢ suUTpTLONUTND m\smn\nw 9 TISMOITOM *M°Z
TTPRI JUSTBAOCD
omq eyq JO mWnS ¢
9yq 03 Tenbs g'L —- 9*0 Ppegeas jou sTOUelUemepe r\._mmm\ﬂm 6 |tung TuBm C*E*D
c X
eqep asTosad ou 0°¢ = ¢°2 ¢ TOI9388TOUD m\amm\é + LopoUT *D°D
woqe usIFLxo
WOIJ peansesm ¢
9I8M E8B8OUBASTP 22 2'e sTOTOOTE OTT0LD /nga/ v 4 ooxeusq °*A°d
saoqe sB 4L - €L 2 Toweusdotoks | €/maa/ng 2 TTTIeN00) *a°V
8A0OQE 5® 9%c - e°L c sTouejUEIEDE m\wﬂm\ﬂ c TTTISHO0) °“3°Y
t*2 - L*2 c STouejUEIBDR m\Emm\#m 4 TTITI8N20) "d°V
JeqsuTIed xted ¢
SuoT uddLxo L*z - g°L 4 S TOUBjUBWEDE /ga/od 2 TTTIoN00D *A°V
WOIT peansesu ¢
SJ9M §80URLSTD Lz - 6°L 4 8 ToueqUeepe /HIq/ o c TITIe00p *dA°Y
eqep sstoead ou ¢ -\ ¢ geToUEXeYOTOLD m\sma\nm 8 Io2uetag *a
Bvaep estodad ou 8°0 - 2°0 ¢ SoUOUBXOYOTOAD M\.smn\.sm 8 xsBueteg °J
woqe
FuTreuTpPIOOO 04
TUOT epTUeyUaUBT PaqIINsSsp se Joyane ayg £q
WOIY ©OUBASTO | PORBTNOTeD U — | pejeas se w0 - punodmo) qusSesy | °JFey Joyany
I TV




Ko.30 2831

It is evident that n velue calculated by a straightforward method
frequently differs largely from that adopted by the author. These differences
are probably due to @

—~ Uncertain interpretation of the results obtained by graphic analysis

—~ Improper positioning of lanthanide ion, from which distances are measured,
errors in distance measurements and assumed geometry of the subatrate. Some-
times authors do not specify precisely lanthanide position from which
measurements were made.

- Angular factor /3 cosa)( - 1/ 1in the equation

&8___ 3 cos2 X~ 1 K
B2

where X is lanthanide - electron donor - proton internuclear angle, is

considered constant by most workers. It has been argued that in fact time

averaged X differs only slightly from proton to proton in the donor /14/,

however Briggs?s full calculations seem to prove the contrary /13/.

~ I¥ is possible that not only pseudocontact but also contact and other inter-
actions contribute significantly o the observed lanthanide shift, especially
in the case of very close to coordination site or sterically screened

protons /2,15/.

These factors explain also large differences between n calculated from
different sets of protons in the same molecule.

Too 1little is lnown about the nature of lanthanide paramagnetic shifts in
the W MR spectra of organic molecules to allow drawing definite structural
conclusions from crude approximations, that do not reflect the complex nature
of interactions. Presented above comparision fully supports our opinion /1/
that better results are obtained for n = 2 rather than n = 3 and distances
measured from the periphery of frece electron pair /2/ or oxysgen atom /1,7,11/.

Conputer opbtimalization of lanthanide position by minimalization of
/n

simplyfying N MR signal assizmment, but cven without it very useful

calc. — 2/ <for every compound studied should give a corellation greatly

results are obtained /2,%/.
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