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642 ABOUL-ENEIN,  R O S S  AND R O T H C H I L D  

ABslmx. 
The 60 MHz 'H NMR spectra of racemic tocainide, 11 have 

been studied in  CX13 solution a t  28O with the achiral s h i f t  

reagent t 

3r5-octanedionato)europium~III) I 21 and the chiral reagent, 

t r i s  13- (heptafluoropropylhydroxymethylene) -d-canphoratol- 

europium(II1)r 2. Substantial lanthanide induced shifts, b6, 
were &served w i t h  both 2 and 1, A significant 

"anomalous" upfield sh i f t  for the QI signal of 1 was seen with 

added 2. The chiral reagent 3 led to appreciable emtiomeric 

sh i f t  differences for the m3CH and amide NH signals. 

potential for direct optical purity determinations of 1 using 1 

was demonstrated for a non-racemic ("spiked") sample of 1, 

based on the 9 resonance. 'Ihe sense of magnetic now 

equivalence for these resonances w a s  also determined. 

t r is (6 t6 r 7  t7 t8,8 ,E-heptaf luor-2 t2-dimethyl- 

The 

Ilalmmm 
mainidet 11 2-arnin0-p (2t6-dimethylphenyl)propanamidet is 

a cardiac antiarrhythmic of considerable clinical interest. 

mentlyt it has been the subject of numerous review articles 

(1-5). 

stereoselectivity w i t h  respect to the two enantiomers of 1 i n  

different aspects of their pharmacology (6-12). 

concern for, and appreciation of, the stereochemical implications 

of pharmaceuticals has been accompanied by a growing interest in  

M considerable interest to us have been the reports of 

Increasing 
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D I R E C T  O P T I C A L  P U R I T Y  DETERMINATION 643 

enantioselective synthesist in  methods f o r  resolving enantiomers 

from racemic mixturest and i n  techniques f o r  determining opt ical  

p r i t y .  In  the  case of tocainidet a number of d i f fe ren t  

chromatographic methods have been employed t o  determine opt ical  

purity, including the  use of ch i ra l  derivatizing agents and GC 

(12r13)t achiral  derivatizing agents with a GC chi ra l  stationary 

phase (CSP) (14-161, HPLC on a CSP (17,181, and HPLC w i t h  a 

chiral  derivatizing agent (19). 

There do not appear t o  have been any reports of t h e  use of 

the non-chromatographic technique based on NMR with c h i r a l  

lanthanide s h i f t  reagents (LSFd. 

spectral simplification and c h i r a l  LSR for  d i rec t  opt ical  p r i t y  

determinations has been reviewed (20-27). 

The use of achiral  LSR for 

We d e r t o o k  studies of the  60 MHz 'H NMR spectra of both 

racemic and non-racemic samples of 1 using achiral  and chi ra l  

L!X Use of achiral  LSR was expected t o  result in  spectral 

simplifications. With ch i ra l  LSIL w e  hopd t o  explore a method 

for d i r e c t  optical p r i t y  determinations of 1. 

1 

H 
I 

C-C-CH3 
II I 
0 NH, 
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644 ABOUL-ENEIN, ROSS AND ROTHCHILD 

E2cEmmw 

A sample of racemic tocainide hydrochloride, L-HCl, was 

provided by Astra Pharmaceutickl Products, 1nc.t 50 Otis St., 

Westborough MA 01581-3398, U.S.A., as l o t  no. 14P. A sample of 

the *(t) enantiomer of tocainide hydrochloride, as l o t  no. 

H181/68, w a s  obtained from the same source. Chloroform-& (99.8 

tom % D) obtained from Aldrich Chemical Gorp., Milwaukee W I  

53201, U.SAt or  from Norell, 1nc.t Landisville Eu 08326, 

U.SAt was dried over 3A molecular sieves. 

obtained 

Materials were used as supplied except as noted. 

Shift  reagents were 

from Aldrich and were stored in a desiccator over P2%. 

In  general, an accurately weighed portion of 1, as the f ree  

base (see below), typically 14-41 mg, w a s  added t o  650-700 mg 

CDCl3 [containing about 0.5% tetramethylsilane (TMS) as internal 

standard1 in  an wen-dried NMR sample tube and dissolved by 

shaking; increments of sh i f t  reagent were added, dissolved by 

shaking (and gentle warming in  a water bath, i f  required), and 

the spectra immediately recorded. 

A l l  Spectra were obtained with a Varian EM360A 60 M H z  'H 

NMR spectrometer a t  a probe temperature of 28O. 

are reported in  parts per million (8) relative t o  TMS and are 

believed accurate t o  k0.05 ppm. In spectra where TMS was 

obscured by sh i f t  reagent peaks,. CHC13 (present a s  an impr i ty  

in the solvent) was used as  internal standard. For samples with 

chiral  3 added, when enantiomeric s h i f t  differences, dA& were 

Chemical sh i f t s  
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DIRECT OPTICAL PURITY DETERMINATION 645 

Observed, average chemical s h i f t  values for  the two opt ical  

antipodes are  reported here. 

nf nf 1: Racemic 1-HCl (454.0 mgr 

1.987 mmol )  was dissolved in  l O m l  H 2 0  and treated with ca. 10 m l  

aq. 5% NaOH and 2.0 gm NaU. The mixture w a s  extracted with 

a2U2  (15 m l )  followed by four additional 5 m l  portions of 

CH2C12. The combined organic extracts  were dried over K 2 9  

(anh) and so lvent  was removed on a r o t a r y  evaporator  ( a t  

a s p i r a t o r  pressure  and a bath temperature  of 50°) t o  cons tan t  

weight, t o  g ive  367.7 mg of t h e  f r e e  base of 1, 91.0% recovery 

of an off-white o i l  tha t  crystall ized on standing, mp (uncorr.) 

54-60'. [lit. 55-56' (13) 1 .  

nf Base nf p(+)-L The hydrochloride salt of 

p(+)-l, mp (uncorr.) 274-277'1 was treated with 5% aq. NaOH, 

NaClr and extracted with CH2Cl2 as above. After drying over 

anh. m2C93 and solvent removal t o  constant weight (rotary 

evapra tor t  aspirator pressure, bath 45-48O) I $(+)-l w a s  

obtained, 93.3% recovery. The sample crystall ized on standinyt 

mp (uncorr.) 76-77O. Samples of racemic and p(+)-l f r e e  base 

were used f o r  NMR runs without .further purification. All f ree  

base tocainide samples were routinely stored under N2. 

RESULTSBMTDISCUSSION 

The 60 MHz 'H NMR spectrum of racemic 1 as a 0.308 molal 

solution i n  CX13 a t  28O showed signals a s  follows ($1 ppm: 8.8 

( l H ,  b r  S I  amide NH), 7.05 (3H, st  a r y l  H3,4,5), 3.63 ( l H ,  q r  
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646 ABOUL-ENEIN, ROSS AND ROTHCHILD 

9 

6 

S 

3 

FIG 

0.1 [2]/[1] O.2 0.3 

1. Variation of chemical sh i f t th in  ppn), with 
molar ratio of 21. 

CH)t 2.21 (6Ht st  a ry l  CH3It 1.65 ( 2 H t  br  s t  m2)t 1.42 (3Ht dt 

Qi30. 

predominantly t o  binding a t  the basic MI2 group (22). Variation 

of chemical s h i f t s  observed upon incremental addition of the  

achiral reagent t t r is (6 t6t7r7t8 t 8 t8-heptaf luoro-2 t 2-dimethyl- 

3t5-octanedionato)europium(III) t 21 is shown in Figure 1. The 

It was expected that addition of LSR would lead 
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DIRECT OPTICAL PURITY DETERMINATION 64 7 

lanthanide induced sh i f t1  A6 I is defined as the chemical s h i f t  

of a nucleus i n  the presence of LSR minus t h e  chemical s h i f t  of 

the same nucleus with no added LSR Organic t r i s F i k e t o n a t e s  

of m(II1) are generally considered t o  be "downfield" s h i f t  

reagents. That is1 the dipolar (pseudocontact) part of the  

lanthanide induced s h i f t s  for  these reagents usually causes the  

resonances of shifted signals to move downfield. 

reports of anomalous pseudocontact s h i f t s  a r e  now understood t o  

ref lect  the  angular deperdence i n  the McConnell-Wertson 

equation (28) although contact s h i f t  contributions may play a 

role f o r  some nucleir particularly i f  close to the LSR binding 

site. 

large downfield s h i f t s  consistent with major binding here by 2. 

The CH3CH signal display& the  second largest  magnitudes of 

downf ield shif t .  

Most 

As expected1 A8 values f o r  the NH2 signal reflected 

Surprisiqlyt considerable s h i f t s  were found for the 

methine CH signal Over the range of L2 molar ra t ios  examined 

here. 

r a t i o  of 0.303.) 

very s m a l l  upfield s h i f t  as 2 w a s  added1 while b& for  t h e  a ry l  

CH3 was essent ia l ly  zero. For the ary l  H3,4,5 A& def in i te ly  

showed a modest downfield s h i f t  despite these a ry l  protons being 

further from the LSR's expected NH2 binding si te and separated 

from t h i s  si te by the  same or a greater number of bonds than the 

(Solubility l i m i t s  resulted in  a maximum attainable k2 

The Asvalue for  the amide MI signal showed a 

aryl CH3. The absence of observed Ab for the a ry l  (=H3 is thus 
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648 ABOUL-ENEIN,  ROSS AND ROTHCHILD 

consistent wi th  the McConnell-Wertson equation's angular 

part, implying an angle between the distance vector (from the 

lanthanide to  the average positions of these nuclei) and the 

vector joining the lanthanide to the binding site (assumed 

colinear wi th  the principal magnetic axis of the LSR) near 

54.7O. In  1, there is the possibility of bidentate chelation of 

the lanthanide by t h e  carbonyl oxygen and the o(-amino nitrogen. 

Such an effect has been discussed for 2 with &&diethyl-K- 

dimethylaminoacetamide (29). LSR applications with some 

substituted ethanolamines have produced "anomalous" shifts, as 

for the NCH3 of phenylpropolamine (also known as norephedrine) 

wi th  2 (30); the M3t -OH and aryl H of ephedrine wi th  2 (30); 

and for the NCH3 of ephedrine wi th  t'rist3- 

(trifluoromethylhydroxymethylene) -~-camphoratol europium( 111) I 

Eu(facamI3 (31). The appearance of these upfield s h i f t s  w i t h  

Eu(II1) LSR seems to  depend on some extremely subtle factors, 

and may differ with a different LSEL with variation of solvent, 

or with s l i g h t  change i n  substrate structure. 

particularly difficult to  evaluate i n  complex substrates that 

possess more than one possible LSR binding site, since relative 

binding s i te  and stoichiometry of the LSR - substrate complex 

may further vary with molar ratio of LSR to substrate. 

It is 

The possible role of a bidentate chelation of LSR i n  

defining a favored geometry i n  the bound complex, thereby 

increasing the likelihood of observing such "anomalous" shif t s r  
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DIRECT OPTICAL PURITY DETERMINATION 649  

certainly bears further study. 

been studied with LSR by Siddall. 

europium (11 I) I rn ( d p )  &2,6-di isoproWlphenylacetamide 

showed an upfield s h i f t  for  one of the  methyls (32). 

substrate resembles 1 in being an Wary1 amidet although the 

bulky isopropyl substi tutents c lear ly  have more steric influence 

than the  216-dimethylgroups of L. i n  addition# no bidentate 

chelation is possible in  Siddall 's substrate. 

Another analog of 1 has a l so  

With tris(dipivalomethanato)- 

This 

We were most interested i n  the potential  for  d i r e c t  optical  

p l r i t y  determinations of 1 using the  ch i ra l  reagentr tris [3- 

(heptaf 1 uoropropylhydroxymethylene) -d-cam&orato I europium ( 111) I At 

known as Eu(h fbd3  or  E u ( h f ~ ) ~ .  

a 0.104 molal m13 solution of 1. 

a clean doublet methyl (3J = 7.1Hz) for  the CH3 at the ch i ra l  

center. 

indicating an enantiomeric s h i f t  difference. ?he enantiomeric 

Increments of 1 were added t o  

?he unshifted sample showed 

With added 31 t h i s  signal appeared as a double doubletr 

s h i f t  differencer A d r  is the difference in  chemical s h i f t  for  

the signals of corresponding nuclei i n  two enantiomers i n  the 

presence of a chiral  s h i f t  reagent. 

values f o r  1 with 3 are  summarized in  Figures 2 and 3 1  respectively. 

One difference w a s  observed with regard t o  s h i f t s  induced by 2 

and II suggesting tha t  changes i n  geometry i n  the bound complexes 

are present deperding upon the reagent. 

aryl methyls is essentially zero although a def in i te  downfield 

s h i f t  w a s  seen with 3. With e i ther  2 or  II largest  downfield 

The induced s h i f t s  and AAS 

With 21 A6 for  the  
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650 ABOUL-ENEIN, ROSS AND ROTHCHILD 

FIG. 2. Variation of chemical shif t t&in ppm), with 
molar ra t io  of 31. Where enantiomeric sh i f t  
differences occurt the average chemical sh i f t s  for the 
optical antipodes are plotted. 

sh i f t s  are seen for the NH2t the presumed major binding site, 

with smaller downfield sh i f t s  for the C H ~  a t  the chiral  center. 

Upfield sh i f t s  are seen for the o(-CX with both reagents. With 3, 

a lower concentration of L permitted use of higher 31 molar 

ratios without encountering solubili ty l i m i t s ,  and some upfield 

sh i f t  is clearly apparent for  the amide NH a t  these high 21 

ratios. -use of the favorable MJ v a u e s  abserved for  the 
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D I R E C T  O P T I C A L  PURITY DETERMINATION 651 

FIG. 3.  Variation of enantiomeric s h i f t  difference# AAs 
( i n  Hz) w i t h  molar ra t io  of 21. 

a3CEl resonancer a "spiking" experiment was performed. A non- 

racemic sample of 1 w a s  prepared by accurately weighing portions 

of racemic 1 and of the pure *(+I enantiomer of 1 (as free 

bases) into an NMR sample tube. For this sampler as a CXl3 

solution 0.120 mold i n  total lr quantitation w a s  attempted a t  

several 31 ratios, using both the m3CH and amide NH signals. 

For the racemic 1 (see Figure 3Ir Mb for both the methyl and 
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652 A B O U L - E N E I N ,  ROSS AND R O T H C H I L D  

amide signals had been shown t o  go through maxima, decreasing a t  

higher levels of 3. Thust AA& for the m3CH reached a maximum 

of about 16.6 Hz f o r  31 r a t i o s  of 0.3 - 0.5, and Abti f o r  the 

amide NH was highest  (15.4 Hz) a t  a 21 r a t i o  near 0.825. As a 

result, higher molar ratios of ,the chiral  LSR are  undesirable not 

only because of the expected increase i n  LSRinduced l i ne  

broadening, but also because of actual decreases i n  M& 

non-monotonic variations of A d  may reflect  changes in the 

stoichiometry or geometry of the  bound complex with varied 

Such 

LSFksubstrate ratio. It was clear that  for our "spiked" non- 

racemic sample of 1, optimal determination of optical purity 

would be based on the CH3CH signal, with 21 ratios 

near 0.5-0.7. Interfering overlaps with the methyl resonance are 

minimal, Mb is substantial and the valley between the doublets 

of the enantiomers was acceptably low. This valley height was 

21%r evaluated 

the downfield noise floor t o  the valley between the upfield-most 

with respect t o  a sloping baseline drawn from 

peak of interest, and the adjacent (LSR) peak. Of considerable 

interest was t h e  observation that t h e  amide NH ard m3CH signals 

had opposite senses of magnetic nonequivalence, w i t h  the methyl 

of the *(+I enantiomer of 1 having a downfield sense of 

nonequivalence and the amide NH having t h e  upfield sense. I n  

applications with chiral LSIL the observation that two different 

nuclei i n  an enantiomer have opposite senses of magnetic 

nonequivalence is often taken t o  suggest that  the enantiomeric 
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DIRECT OPTICAL PURITY DETERMINATION 653 

FIG. 4. m3CH resonance for  a sample of non-racemic 1, 
68:32 S-(t):&(-), 0.120 molal i n  t o t a l  1~ with a 
21 molar a t i o  of 0.551. ?he vicinal coupling 

from a scan with 1 p p m  sweep width, 2 min. sweep 
time, 0.1 sec f i l t e r ,  0 .1  mG RF power. 

constant ( 5 J) and A d a r e  indicated, i n  Hz. Taken 

s h i f t  differences result from different  geometries i n  t h e  bound 

complexes of the two enantiomers with the ch i ra l  LSR 

enantiomeric s h i f t  differences arose simply from one enantiomer 

having a greater binding constant t o  LSRI then it is assumed 

that  a l l  nuclei in  the  more strongly bound enantiomer would have 

greater induced s h i f t s  and, therefore, have the same sense of 

magnetic nonequivalence. 

nuclei a re  being shifted in the same direction. 

a3CH is shifted downfield but the  amide NH is shifted upfield. 

Relative t o  the chemical s h i f t s  without LSIL the same 

enantiomer, $ ( + I - l t  has greater magnitudes of induced s h i f t s  

I f  the  

However, t h i s  is true only i f  a l l  the 

For 1 with 31 
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6 54 ABOUL-ENEIN, ROSS AND ROTHCHILD 

Table I. &served enantiomeric ratios, for "spiked" sample of 1, 
68:32 a(+):&(-) by weight, 0.120 molal in total 1. 

I. m3CH resonance. 
Method: Peak heighta Feak heightb Integrals 

21 ratio 
0.551 64:36 64: 36 66:34 

0.709 64: 36 67:33 
(W2r S.D. = 0.64) (N=4r S.D. = 1.6) 

11. NH resonance. 

0.709 64:36 
Peak height' Peak heightd 

(W2r S.D.=2.8) 

0.848 66: 34 69:31 
(W5r S.D.=2.8) (&4r -2.7) 

Notes : 
(a) Ratio of average peak heights for each enantiomer's 

doublet, measured to a horizontal baseline. 
0) Ratio of average peak heights for each enantiomer's 

doublet, measured to sloping baseline (see text). 
(c) Ratio of peak heights due to each enantiomerr measured to a 

horizontal baseline. 
(d) Ratio of peak heights due to each enantiomer, measured to a 

sloping base1 ine (see text). 

for both G€l3CX and MI signals. %e resulting observed opposite 

senses of magnetic nonequivalence may in this case simply result 

from different enantiomer binding constants, and not necessarily 

different bound complex geometries. The results of the optical 

purity determinations are shown in Figure 4 and Table 1 and reflect 
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DIRECT OPTICAL PURITY DETERMINATION 655 

reasonable accuracy for a chiral LSR technique. Detection of as 

l i t t l e  as about 7% of the minor enantiomer of 1 i n  a non-racemic 

mixture should be feasible. 

improved using a higher field NMR spectrometer. 

SUMMARY 

Detection l i m i t s  would clearly be 

We have reported the results of achiral and chiral LsEL'2 

and 2 respectively, on the 'H NMR spectra of 1. Anomalous 

upfield s h i f t s  were found for the methine a t  the chiral center 

wi th  either LSRt with smaller anomalous shifts seen with either 

2 or 2 for  the amide NH. The S-(+) enantiomer of 1 has a 

downfield sense of magnetic nonequivalence for the Q$CH 

absorption i n  the presence of added 2 and the opposite sense for 

the amide NH. The analytical u t i l i t y  for direct optical plrity 

determinations of 1 w i t h  2 w a s  demonstrated, w i t h  optimal 31 

ratios of about 0.5-0.7. - 
Samples of racemic tocainide and its enantiomers were 

kindly provided by Astra Pharmaceutical Products, Inc., 

Westborough, MA. This work w a s  supported, i n  partr by t h e  U.S. 

Department of Education Minority Science Improvement Program 

(grant no. G008641165)t the National Science Foundation 

Instrumentation and Laboratory Improvement program (grant no. 

USFk8851684) , the Hewlett-Packard Academic Instrument Donation 

Program, the Sandoz &search Institute and Hoffmann-La Roche 

Inc . 
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