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The Determination of Enantiomeric Purity Using
Chiral Lanthanide Shift Reagents I

,Sir.'

Tris[terr-butylhydroxymethylene-d-ca mp h orato]euro-
pium(I I I )  ( l )  induces contact  and/or pesudocontact
shi f ts of  d i f ferent magnitudes in corresponding protons

( l )  Supported by thc Nat ional  Inst i tutcs of  Heal th,  Grant  No. GM'
16020.



of certain enant iomeric Lewis bases.2'3 This observa-

t ion demonstrates that  nmr spectroscopy using chiral

lanthanide chelates can in pr inciple be employed to
establ ish absolute enant iomeric pur i ty;  in pract ice,

the ut i l i ty  of  1 is restr icted to appl icat ions involv ing
relat ively basic and unhindered substrates (e.8. ,  pr i -
mary and secondary amines),  and fai ls wi th less basic
substances. Here we wish to report  the synthesis of
the chiral  shi f t  reagents 2-7 and to out l ine data dem-
onstrat ing the general  appl icabi l i ty  of  these mater ia ls
to the determinat ion of  the enant iomeric pur i ty of
relat ively nonbasic substances.

The p-diketone l igands from which these complexes
are derived rvere prepared either by procedures analo-
gous to that  descr ibed previously for  1:  ( for  2 and 3),
or by s low addi t ion of  the methyl  ketone der ived from
R" to a ret luxing solut ion of  the acid chlor ide der ived
f rom R '  in  d imethoxyethane conta in ing  ca .  I  equ iv
of  suspended sodium hydr ide and a catalyt ic amount
of  ter t -btr ty l  a lcohol  ( ior  4-7).{  Conversions of  these
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B-d ike tones  to  the  europ ium complexes  2-7  were  ac-

compl ished as  descr ibed prev ious lY ; : ' ;  c rude complexes
were  pur i f ied  by  sub l imat ion .

The col lect iue ut i l i ty  of  compoun ds 2-1 in separat ing
the  resonances  o f  enant iomer ic  amines .  a lcoho ls ,  ke-

tones .  es te rs .  and su l fox ides  appears  to  be  qu i te  genera l ;

one or another of  these shi f t  reagents has induced
sh i f ts  be tween enant iomers  present  in  samples  o [  the
major i ty of  these substances that we have examined.
However.  no s ingle one of  these reagents appears to be
clear ly super ior  to the others for  every appl icat ion.

(2)  C.  iv{ .  Whi tesic les anci  D.  W. Lerv is,  J .  Amer '  Chem. Soc. '92.6979
(  1970) .

(3 )  The ur i l i ty  o[  lanthanide chclates as shi f t  reagents was f i rs t
demons t ra ted  by  C .  C .  H inck ley ,  i b id . ,9 l '  5160  (1969) .

(4)  Fcnchoic acid rvas obtained f rom fenchone and camphol ic  acid
from camphor usi r tg standard proccdures c l ' .  F.  W' Semmler,  Chent.
8e r . .39 ,2577  (1906) ;  I ( .  E .  Haml in  i t nd  A .  W '  Wes ton '  Org .  Reac t . .9 , I
(1957) :  F .  E .  L .  Humber t ,  Bu t l .  Soc .  Ch im.  F r . ,  1867  (1966) '  The  r / -
lenchone usccl  in th is study contained 23% of  the /  enant iomer.  Car-
boxyt ic  acids rvere converted to the corresponding methyl  ketones and
acid chlor idcs by staudard procedures,  using methyl l i th ium and th ionyt
chlor idc,  rcspect ively.

(5 )  I ( .  J .  E i sen t rau t  and  R ,  E .  S ieve rs ,  J .  Amer .  Chem.  Soc . ,  E7 ,525 ' l
( 1 9 6 5 ) .

F igu re  l .  S l tec t ra  o f  so lu t i ons  p r tpa re t l  f rom mix tu res  o t ' (  R ) -  r t r r . i

f  .S t -  l - p f teny le thy lamine  in  CC l .  con ta in ing  t Ie  c [ i ra l  s l t i l ' t  r cegc r t t '

3 ( 0 . 2 0 , l / ) ( A ) ,  2  ( 0 . t 9 , V l ) ( B ) .  a n d  7 ( 0 . I 5  v I ) ( C ) .  I n  e a c h  s o l u t r ( ) r r

the  R  enan t iomer  i s  p resen t  i n  l t rgher  concen t ra t i on  than  thc  . t

so lu t i ons  a re  approx ima te l y ,  0 .15  , ! /  i n  l -pheny le thy lamin t .  f  l r u

cond i t i ons  unc lc r  r vh i ch  thcse  spcc t ra  were  ob ta i r red  a rc  no t  r l ce t \ -

sa r i l y  those  in  wh ich  the  enar r t tomer rc  sh i i t  d i t l e rences  e l r c  r l r i r  \ r -

m ized .

Thus,  representa t ive  da ta  ob ta ined fo r  typrca l  subs t r i t t c :

w i th  reagents  2  and 7  (Tab le  [ ) ,  and the  lu l l  speet r ' r

shown i ;  F igure  l ,  demonst ra te  an  apprec iab lc  ( r t t r r i

p resent ly  unpred ic tab le )  sens i t i v i t y  o f  the  sh i f t ;  be t r rcc r t

i . ron"n .es  o f  enant iomers  to  changes in  the  St r r le tL l rc

o f  the  sh i f t  reasent .
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Two features of the presently available data suggest

that the associat ion and conformat ional  equi l ibr ia re- .

sponsible in part  for  the enant iomeric shi f t  d i f ferences

are complex.  First ,  there is no apparent correlat ion

berween the magnitudes of  the shi f ts induced in chem-

ical ly dist inct  sets of  enant iomeric protons- and the

struitur. of the shift reagents. Thus, the shift between

the methyl  protons of  (R)-  and ( ,S)- l -phenylethylamine

is smal l  in solut ions of  2 but moderately large in the
presence of 3, while the C.F/ protons in the same samples

iho* the opposi te behavior (Figure l ) .  Second, the

sense of the shift difference need not be the same for

al l  the protons in enant iomeric substrates;  each proton

in (R)- l -phenylethylamine fal ls at  lower f ie ld than the

corresponding proton of  the S enant iomer in solut ions

containing 1, t  whi le the protons of  the methyl  group

of the R enantiomer resonate at higher field, and the CfI

of  th is enant iomer at  lower f ie ld,  than the analogous S

protons, in the presence of  2 and 7.  Since the shielding

ixper ienced by protons in complexes of  lanthanide

shi f t  reagents wi th substrates is a sensi t ive funct ion

of the geometry of  these complexes,6 '7 and since the

diastereomeric complexes formed aS the resul t  of  coor-

dinat ion of  enant iomeric bases to chiral  chelates need

not necessar i ly  have closely related geometr ies,  these

observa t ions  are  no t  surpr is ing .  However ,  they  do

suggest that prediction of the sense and relative mag-

ni tudes of  shi f ts between enant iomers in these Systems

wi l l  be di f f icul t ,8 and that in pract ical  appl icat ions i t

may accordingly be worthwhi le to examine several

di f ferent chiral  shi f t  reagents to f ind empir ical ly the

one giving the most useful spectra.t"
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( 6 ) B . L . S h a p i r o , J . R . H l u b u c e k , C . R . S u l l i v a n ' a n d L ' F ' J o h n s o n ' " / '
Ame l r .  Chem.  Soc . ,93 ,3281  (1971) :  P .  V .  Demarco ,  T .  K .  E lzey ,  R .  B .

Lewis,  and E.  Wenkert ,  ib id. ,92,5734,5737 (  1970),  and references in each.

(7)  For recen!  st ructural  data on t r is(d-diketo) lanthanide complexes,

r . "  j .  C .  A .  Boeynes ,J .  Chem.  Ph .vs . ,54 .75  (1971) ;  W '  D '  Hor rocks ,

J r . .  J .  P .  S ipe  i I I ,  and  J .  R .  Luber ,  J .  Amer .  Chem"Soc ' ,93 ,5258
(1971) ,  and  re fe rences  in  each .

(g)  The prospecrs for  ut i l iz ing chira l  shi f t  reagen(s to determine

abso'lute configurations presently appcar very dim. For success[ul

ippl icat ions oi  nt t  .  spectroscopy in_ chira l  solvents to determinat ion

oi 'absolute conf igurar ions,  see W. H'  Pirk le,  R'  L '  Muntz,  and I '  C'

P a u l ,  i b i d . . 9 3 ,  1 8 l 7  ( 1 9 7 1 ) .
(8a) Nore Aooeo tx Pnoor.  ,A,ddi t ional  evidence support ing the

hypothesis that  the conformat ion of  the r l -d iketone l igands around lhe

euiopiu* ion is  fa i r ly  f lex ib le is  provided by the observat ion by N1.

Mcireary that  i t  is  possib le to induce chira l i ty  in Eu(DPM)r by coordi-

na r ion  w i th  a  ch i ra l  am inc .  Thus ,  a  AA6  o f  0 .36  ppm i s  observed  fo r

rhe  c t lNH:  resonance  o f  racemic  l . pheny le thy lamine  (0 .45  M)  i n  a

CDCI r  so lu t i on  con ta in ing  Eu(DPM)r  Q .45  M)  and  (R) 'N -methv l ' l -

p h e n y l e t h y l a m i n e  ( 0 . 6 4 , V ) .
(9 i  H .  L .  Gocr ing ,  J .  N '  E i kenber ry ,  and  G '  S '  Koermer .  i b id ' , 93 ,

5 9 r 3  i l 9 7 1 ) .
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