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Tris[3-(  ter t -b uty lh y drox ymeth y lene)-
d-camphoratoleuropium(I I I ) .  A Reagent for
Determining Enant iomeric Fur i tyt

Sir;

Examinat ion  o f  the  rH nmr  spec t ra  o f  po la r  ch i ra l
subs tances  in  so lu t ions  o f  op t ica l l y  ac t i ve  a lcoho ls  o r
amines  has  proved a  va luab le  method fo r  the  d i rec t
de terminat ion  o f  enant iomer ic  pur i t y .2 '3  However ,
the  magn i tude o f  the  chemica l -sh i f t  d i f fe rence be tween
cor respond ing  pro tons  o f  enant iomers  ob ta ined us ing
th is  techn ique is  normal ly  smal l ,2  and res t r i c ts  i t s
u t i l i t y  in  app l i ca t ions  invo lv ing  complex  spec t ra .  We
wish  to  repor t  the  observa t ion  o f  re la t i ve ly  la rge  f re -
quency  d i f fe rences  be tween cor respond ing  resonances
of  enant iomer ic  amines  d isso lved in  ach i ra l  soh 'en ts
conta in ing  t r i s [3 - ( le r l -bu ty lhydroxymethy lene) -d-cam-
phora to leurop ium( l l l )  (2 ) .  These observa t ions  ind i -
ca te  tha t  2  and re la ted  compounds shou ld  p rov ide  the
bas is  fo r  a  use fu l  method fo r  de termin ine  the  enant io -

( l )  Supported by the Nat ional  Inst i tutes of  H.of tn lCranr No. GM
I 6020.

(2)  W. H. Pirkte and S.  D.  Beare,  J,  Amer.  Chem. Soc. ,  91,  5150
(1969),  and references therein.

(3)  M. Raban and K. Mis low, Top. Stereochem.,  2,  199 (1967).

mer ic  pur i t y  o f  cer ta in  compounds fo r  wh ich  proce-
dures  based on  d ias te reomer ic  in te rac t ion  berween
so lu te  and so lvent  fa i l .

Compound 2  was prepared by  convers ion  o f  d -
ca m p h o r  to t  e r  t  -buty I  hyd roxy met hylene-d-cam ph or (1),  {

fo l lowed by  reac t ion  o f  the  la t te r  compound w i th
europ ium( i l1 )  t r i ch lo r ide  in  the  presence o f  base.5
The proper t ies  o f  2  resemble  those o f  t r i s (d ip iva loy l -
meth ido)europ ium( l l l ) ,  excepr  tha t  2  i s  apprec iab ly  the
more  so lub le  in  nonpo lar  so lvents .  The nmr  spec t rum
o[  2  i s  loca l i zed  be tween *2  and -  I  ppm f rom TMS.

F igure  I  i l l us t ra tes  the  in f luence o f  2  on  the  spec t rum
of  a  representa t ive  ch i ra l  amine,  a -pheny le thy lamine
(3) .  The la rge  downf ie ld  sh i f t  o f  the  resonances  o f  3
f rom the i r  pos i t ions  in  the  absence o i  2  i s  the  expec ted
resu l t  o I  pseudocontac t  in te rac t ion  be lween the  eu-

(4)  The procedure lo l lowed was modeled on that  of  B.  O. L inn and
C.  R .  Hauser ,  J .  Amer .  Chcm. ,Soc . ,  78 ,  6066  (1956) .  Compound  I  had
bp 87-95" (0.05 mm).  Anal .  Calcd for  CrzHrrOr:  C,  76.22:  H,
1 0 . 2 . 1 .  F o u n d :  C ,  7 6 . 1 l ;  H ,  1 0 . 2 8 .

(5 )  K .  J .  E j sen t rau t  and  R .  E .  S ieve rs ,  i b id . ,87 ,5254  (1965) .  The
work-up descr ibed by these authors was modi f ied by omission of  the
subl imat ion step,  and pur i f icat ion of  the crude product  by extracr ion
into absolute ethanol, f i ltration, precipitation by addition of water,
and dehydrat ion under vacuum: mp l3t-134' .  Anal .  Calcd for
C r c H c r O r E u :  C , 6 2 . 9 9 ;  H ,  8 . 1 1 .  F o u n d :  C , 6 2 . 7 1 ;  H ,  8 . 1 9 .
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Figure l .  Spectra of  solut ions prepared f rom (S)-a-phenylethyl -
amine  (  10  p l )  (upper ) ,  and  a  m ix tu re  o f  (RF  and  (S ) -a -pheny le thy l -
amine (7 and 5 pl ,  respect ively) ,  in 0.3 ml of  a carbon tetrachlor ide
solut ion of  2 1-6.15 , l / ) .  The chemical-shi f t  scale appl ies only to
the spectrum of  the mixture;  that  of  the pure S cnant iometer was
displaced s l ight ly  to lower f ie ld due to d i f lerences in concentrar ions
of  the samoles.

r o p i u r n ( l l l )  i o n  a n d  a  r a p i d l y  e x c h a n g i n g  m i x t u r e
coord ina ted  and f ree  amine.6  More  no tewor thy

L NaNH,, DME. Ss.
2. (CHr)rCCOCl. 3S.. I  Zhr

\-./ 3. H,O, H'

c(cHr)3

I

these spectra are the frequency diferences in the reso-
nance of  corresponding prorons of  (R)-  and ( . t ) -3,
rang ing  f rom -0 .5  ppm fo r  the  CHNH2 pro ton  to
-0 .07  ppm fo r  the  para  hydrogen o f  the  aromat ic  r ing .
These separa t ions  depend on  the  concen l ra t ion  o i  i :
the di f ference between the CIINHz r€Sof lsnces of  -0.  j
M so lu t ions  o f  3  i s  too  smal l  to  be  observab le  when
12) :  0.015 M, reaches a maximum of 0.55 ppm for
[21  :  0 .14  M,  and decreases  to  0 .4  ppm a t  [2 ]  :  0 .50  M.
These frequency shi f ts probably ref lect  d i f ferences in the
s tab i l i t y  cons tan ts  fo r  the  d ias te r iomer ic  complexes
formed between (R) -3  o r  (S) -3  and 2 ,  s ince  an  a l te r -
na t ive  exp lanat ion  fo r  the i r  o r ig in ,  invo lv ing  unequa l
magn i tudes  fo r  the  pseudocontac t  sh i f t s  w i th in  d ias te r -
eomer ic  amine-europ ium complexes  o f  equa l  s tab i l i t y ,
cannot  eas i l y  be  used to  ra t iona l i ze  the  fac t  tha t  a / /  o f
the  pro tons  o f  (R) -3  resonate  a t  lower  f ie ld  than the i r
counterpar ts  in  (S) -3 .  The f requency  sh i f t s  be tween
the C^F/NH: r€sonances oi  (R)-  and (S)-3 in the pres-
ence o f  the  praseodymium ana log  o f  2  reached 0 .67
p p m ;  h o w e v e r ,  t h e  r e s o l u t i o n  o b t a i n e d  i n  t h e  p r e s e n c e
o f  t h i s  r e a g e n t  w a s  a p p r e c i a b l y  l o w e r  t h a n  t h a t  i n  s o -
lu t ions  o f  2 .

O t h e r  e n a n t i o m e r i c  a m i n e s  e x h i b i t  u s e f u l  s p e c t r a l
d i f fe rences  in  the  presence o f  2 .  Thus ,  fo r  example ,
t h e  C H N H :  r e s o n a n c e s  o f  ( R ) -  a n d  ( S ) - a m p h e t a n r i n e
were  separa ted  by  0 .7  ppnr  when the i r  pseudoconracr
sh i i t s  reached -17  ppm f ro rn  TMS,  and the  CH, . -
C H N H ,  r e s o n a n c e s  o f  ( R ) -  a n d  ( S ) - 2 - a r r r i n o b u r a n e
w e r e  s e p a r a t e d  b y  l . - t  p p m  a t  s h i f t s  o f ' - 1 2  p p m  f r o n r
T M S .  O n  t h e  o t h e r  h a n d ,  s h i i t s  b e t w e e n  c o r r c -
s p o n d i n g  r e s o n a n c e s  o t ' l e s s  s t r ( ) n g l y  b a s i c  e n a n r i o -
m e r i c  s u b s t a n c e s  w e r e  g e n e r a l l y  t o o  s m a l l  t o  b e  u s e [ u l ,
a l t h o u g h  t h e s e  r e s o n a n c e s  w e r e  s t i l l  s u b j e c t  t o  a p p r e -
c i a b l e  p s e u d o c o n t a c t  s h i [ t s .  T h u s .  w h i l e  t h e  C  H O t I
reso  na  nces  o f  (  R) -  a  nd  (  S) -2 ,2 ,6 .6 - ,e t ra  rne thy l -4 -he  pry  n -
3-o [  d i f fe red  by  0 .1  pprn  a t  sh i l ' t s  o f  , -6 .9  ppm t ' ro r r r
T iv1S ( [2 ]  . - ,  0 .3  r1 , / ) ,  d is t ingu ishab le  sh i i t  d i f fe rences
w e r e  n o t  o b s e r v e d  f o r  r e s o n a n c e s  o i  2 - o c t a n o [ ,  a -
p h e n y l e t h a n o l .  c y c l o h e x y l n r e t h y l c a r b i n o l ,  o r  b e n z y , ' l -
m e t h y l  s u l f o r i d e .

T h e  u s e  o f  2  t o  d e t e r n r i n e  e n a n t i o m e r i c  p u r i t i e s  o t '
a m i n e s  i s  c o m p l e m e n t a r y  t o  t e c h n i q u e s  e m p l o y i n g
o p t i c a l l y  a c t i v e  s o l v ' e n t s .  T h e  p o t e n t i a l  o i  2  r e s t s  i n  t h e
l a r g e  s h i f t s  o b s e r v e d  b e t w e e n  r e s o n a n c e s  o f  e n a n t i o -
m e r s  i n  i t s  p r e s e n c e ,  a n d  i n  t h e  s p e c t r a l  s i m p l i f i c a t i o n
c o m m o n  t o  s h i f t  r e a g e n t s ; 6  h o w e v e r ,  t h e s e  a d v a n t a g e s
are  ga ined a t  the  expense o f  a  loss  in  spec t ra l  reso lu t ion .

F u r t h e r  s t u d y  o f  t h e  a p p l i c a t i o n  o f  r e a g e n t s  r c -
s e m b l i n g  2  t o  t h e  d i r e c t  d e t e r m i n a t i o n  o f  e n a n t i o m e r i c
pur i ty  w i l l  be  descr ibed la te r .

t  Address correspondencc to th is author.
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(6)  The potent ia l  of  lanthanide ions as nmr shi f t  reagents in organic
structural  analysis was f i rs t  demonstrated by C. C.  Hinckley,  J.  Amer.
Chem.  Soc . ,  91 ,  5160  (1969) ;  J .  Ors .  Chem. ,35 ,  2834  (1970) .  See  a l so
J.  K.  M. Sanders and D. H.  Wi l l iams, Chem. Commun, 422 (1970);
J.  Br iggs,  et  a l . ,  ib id. ,749 (1970).
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