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ABSTRACT 

The enantiomers o f  8-dimethylaminobutyrophenone have been 
separated by HPLC on a na t ive  D-cyclodextrin bonded column using a 
polar organic eluent consist ing o f  acetonitrile/methanol/acetic 
acid/tr iethylamine. To achieve t h i s  separation, the  mobile phase 
composition has been optimized w i th  respect t o  peak resolut ion and 
analysis t ime using a two-levels f u l l  f a c t o r i a l  design. The 
important fac to rs  con t ro l l i ng  the separation have been i d e n t i f i e d  
: the  resolut ion i s  mainly af fected by the  composition and the  
quant i t y  o f  buffer and the re ten t ion  by the amount o f  methanol. 
The polynomial equations provided by the f a c t o r i a l  design have 
been modif ied i n  order t o  enhance t h e i r  r e l i a b i l i t y  i n  an 
experimental domain la rger  than the f a c t o r i a l  design domain. 

Among various phenylpropylamides exh ib i t i ng  analgesic 

a c t i v i t y ,  one o f  the  most important i s  the  dextropropoxyphene (a- 
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1710 VALEITIT BARDERAS AND DUPRAT 

d-4-dimethylamino-3-methyl-1,2-diphenyl-2-butanol propionate) and 

i t s  der ivat ives.  The a-dl- and a-d-diastereoisomers possess marked 

analgesic a c t i v i t y ,  i n  contrast  t o  the 13-diastereoisomers which 

are substant ia l ly  inact ive.  

The preparation o f  dextropropoxyphene involves 3 steps ( 1 )  : 

preparation o f  13-dimethylaminobutyrophenone by a Mannich reaction, 

formation o f  the aminocarbinol (4-dimethylamino-l,2-diphenyl-3- 
methyl-2-butanol) by a Grignard reaction, followed by an 

e s t e r i f i c a t i o n  w i th  propionic anhydride. The a-form was obtained 

by f ract ional  c r y s t a l l i z a t i o n  o f  the p a i r  o f  diastereoisomeric 

s a l t s  formed by react ion o f  the aminocarbinol w i th  d- 

camphorsulfonic acid. I n  1963, Poh 

the (-1 enantiomer o f  the phenone 

used as a raw mater ia l  f o r  t he  

dextropropoxyphene. The phenone 

f rac t i ona l  c r y s t a l l i z a t i o n  o f  i t s  d 

and e t  a l .  ( 2 )  have shown t h a t  

i s  o p t i c a l l y  stable and can be 

stereoselect ive synthesis o f  

racemate was resolved by 

benzoyl tar t rate s a l t .  

I n  t h i s  work, we have invest lgated an a l te rna t i ve  method o f  

separation o f  the enantiomers o f  the 13-dimethylaminobutyrophenone 

by HPLC on a c h i r a l  stat ionnary phase (CSP) i n  view o f  a fu ture 

Preparative appl icat ion.  The a?-acid glycoprotein (AGP) CSP 

appears t o  have a wide a p p l i c a b i l i t y  t o  molecules o f  

pharmacological i n te res t  and i s  able t o  resolve the propoxyphene 

enantiomers ( 3 ) .  However, the AGP column has a l i m i t e d  s t a b i l i t y  

and a low capacity. This makes preparative separations d i f f i c u l t  

o r  impossible. An e f f i c i e n t  a l t e rna t i ve  method was found by 

Armstrong e t  a l .  (4) by using an unusual mobile phase consist ing 

o f  a mixture o f  polar organic solvents i n  conjunction w i th  the 

o r i g i n a l  nat ive cyclodextr in bonded phase, t o  resolve racemic R- 
adrenergic blocking agents such as propranolol and analogous 

compounds. These CSP’s have exceptional s t a b i l i t y  when used w i th  

these mobile phases. I n  addi t ion,  the separations are eas i l y  

scaled t o  preparative proportions. 

I n  t h i s  work, a cyc lodext r in  CSP w i th  a polar organic mobile 

phase was used. The object ives were ( i l  t o  achieve a complete 
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~-DIMETHYLAMNOBU'IYROPHENONE 1711 

separation o f  enantiomers, (ii 1 t o  understand the importance o f  

the chromatographic conditions and (iii) t o  get a s t a t i s t i c a l  

model o f  the ef fect  o f  the experimental variables on the 

separation. 

F i r s t  attempt o f  resolution using the best chromatographic 

conditions o f  Armstrong e t  a l .  (4 )  produced only a p a r t i a l  

separation. An optimization procedure, varying several factors a t  

a time was investigated. Among these, the Simplex method, that  i s  

mathematically simple and easy t o  implement has been widely used 

i n  analyt ical  chemistry and sometimes i n  the optimization of 
ch i ra l  separations (see f o r  example Ley e t  a l . ,  (5 ) ) .  However, 

t h i s  method does not give informations concerning the re la t i ve  

importance o f  the experimental factors. Therefore, a two-levels 

f u l l  factor ia l  design was applied t o  determine the magnitude o f  

the ef fect  o f  the chromatographic variables and t h e i r  interactions 

(6). I n  addition, the fac to r i a l  design provides a model that  was 

modified t o  enhance i t s  r e l i a b i l i t y  and checked on a new set o f  

experimental data. The advantage o f  the fac to r i a l  design i s  t o  

br ing a s impl i f ied representation o f  a phenomenon from very few 

experiments. The idea was that,  wi th some modifications o f  the 

form o f  the model, it could be possible t o  approximate more 

closely the behavior o f  the chromatography. Some o f  these 

modifications could be suggested by models ex is t ing i n  the 

chromatographic l i terature.  

Chromatographic experiments were carried out a t  room 

temperature using an HPLC pump equipped with a 20-uL in ject ion 

loop and an U.V. detector. A Cyclobond-I column (250~4.6 mn i.d., 

Advanced Separation Technologies) packed wi th  native R- 
cyclodextrin bonded t o  a 5 wn s i l i c a  gel was used. I n  a l l  cases 

the flow rate o f  the eluent was I ml/mn. 
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1712 VALIENIE BARDERAS AND DUPRAT 

According t o  Armstrong e t  a l .  (41, the separation o f  B- 
blockers can be obtained with a c e t o n i t r i l e  as main solvent and 

requires small amounts o f  methanol (1-104: by volume) and very 

small amounts of g lac ia l  acet ic  acid and t r ie thy lamine (0.2-1.2% 

by volume). 

Af ter  some vain attempts w i th  other addi t ives (water, 

isopropanol), three experimental var iables were selected : the 

amount o f  acet ic ac idhr ie thy lamine buf fer ,  X i  , the acet ic  

acid/ t r iethylamine r a t i o ,  Xz and the amount o f  methanol, Xs. For 

each natural  var iable,  the two leve ls  associated t o  the t 1  and -1 

l eve l s  o f  t he  corresponding coded var iables are indicated i n  Table 

1. The q u a l i t y  o f  the separation was estimated through the 

resolut ion Rs, measured on the chromatogram as: 

Rs = 2 ( t z  - tl)/ ( t w l  + t w z ) ,  

k ' l  = t l / t O  - 1. 

and the capacity fac to r  o f  the f i r s t  e lu ted peak, 

ti being the retent ion time and t w i  the peak width a t  ha l f -  

height. 

The chromatographic conditions o f  the e igh t  (23) experiments 

are reported i n  Table 2, together w i th  the separation resul ts.  I n  

the formalism o f  f u l l  f r ac t i ona l  design, the resu l t s  of the 

separation can be approximated by a l i nea r  combination of the 

coded var iables : 

Y = a0 t ai X i  t a2 X2 t a3 X3 t a12 X i  Xz t a13 XI X3 

+ a23 X2 X3 + a123 X i  X2 X3 (1 )  

It should be noted t h a t  the capaclty fac to r  was correlated i n  

a logarithm form, f o r  reasons discussed i n  the "Modelization.. ." 
section. The magnitude o f  the coe f f i c i en ts  corresponding t o  main 

factors  and two-factors interact ions,  tabulated i n  Table 2, 

indicates the r e l a t i v e  importance o f  each variable. It can be seen 

t h a t  the resolut ion mainly Increases w i th  the acid/amine r a t i o ,  X2 

and s l i g h l y  with the buffer percentage, XI. The in te rac t i on  term 

b23 = -0.029 means t h a t  t he  inf luence o f  the percentage o f  
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~-DIMJ3’IRYLAMINOBUTYROPHENONE 1713 

TABLE 1 
Values o f  the  Experimental Factors i n  the  Factor ia l  Design. 

Factors leve l  -1 leve l  t 1  

XI percentage o f  bu f fe r  0.02 0.2 

x3 percentage o f  methanol 1 10 
X2 acid/amine r a t i o  6 30 

TABLE 2 
Chromatographic Conditions and Responses (Resolution Rs and 

Capacity Factor k ’ l  o f  the F i r s t  Eluted Enantiomer) i n  the 
Fac tor ia l  Design. 

Run x1 x2 x3 Rs k ’ i  

1 t 1  t 1  t 1  0.93 3.19 
2 -1 t 1  t 1  0.80 3.95 
3 +? - 1  +I 0.74 1.95 
4 -1 - 1  t 1  0.74 2.60 
5 +1 t 1  -1 1.04 9.25 
6 -1 t 1  -1  0.90 10.38 
7 t 1  -1  -1 0.78 4.50 
8 -1 -1 -1 0.68 3.71 

methanol depends on the  leve l  o f  X2. This i s  c lea r l y  shown on the  

in te rac t ion  diagram (scheme 1) obtained i n  the fo l low ing  way : the 

r i g h t  t op  number (0.865) corresponds t o  the mean value o f  Rs f o r  

the two experiments performed with both high acid/amine r a t i o  (X2 

= +1) and high percentage o f  methanol (X3 = tl). 
The amount o f  methanol has a negative e f f e c t  on the 

resolut ion only a t  high acid/amine ra t i o .  The same resu l t  i s  

observed f o r  the in te rac t ion  X i -  x 3 .  

On the  contrary, t he  capacity fac to r  mainly depends on the 

amount o f  methanol, and whatever the leve l  o f  the  others factors, 

an increase o f  methanol w i l l  reduce the capacity fac to r .  
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1714 VALIENTE BARDERAS AND DUPRAT 

x3 

t 

0.865 

- %>t - xz 

Scheme 1 

I n  the f a c t o r i a l  design, the best resolut ion (1.04) has been 

obtained a t  low methanol amount, and high acet ic  ac id  amount i n  

the eluent (high acid/amine r a t i o  and high percentage o f  buf fer) .  

But the separation i s  not complete and fu r the r  experiments have 

been performed i n  the d i rec t i on  indicated by the f a c t o r i a l  design, 

f i r s t  t o  improve t h i s  resu l t  and second t o  invest igate the e f f e c t  

o f  the i nd i v idua l  parameters i n  order t o  t e s t  the models. These 

experiments are referred i n  the fo l lowing as the "new set o f  

experiments". It consists of 43 experiments, i n  which the 

percentage o f  bu f fe r  was var ied between 0.02 and 0.4 %, the acet ic 

acid/ t r iethylamine r a t i o  r between 5 and 100 and the percentage o f  

methanol between 0 and 20 %. 

A maximum resolut ion o f  1.17, corresponding t o  a baseline 

separation was obtained w i th  2 % methanol, 0.15 % buf fer ,  and r = 
50. I n  these conditions, the capacity fac to r  i s  qu i te  h igh (12.0). 

Figures 1 and 2 show t h a t  when only the percentage o f  

methanol, o r  o f  buffer,  i s  var ied the resolut ion reaches a maximum 

value, around 3 % o f  methanol, o r  0.15 % o f  buf fer .  I n  both cases, 

the retent ion fac to r  decreases w i th  an increasing percentage of 

addi t ives.  When the acid/amine r a t i o  r i s  increased, both k '  and 

Rs increase and reach a plateau a t  r = 50 (Fig. 3 ) .  

It can be noted t h a t  Armstrong e t  a l .  (4) observed the same 

behavior i n  the resolut ion o f  propranolol. They i n te rp re t  the 
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0 2 4 6 8 10 
% methanol 

FIGURE 1. Inf luence o f  the amount o f  methanol i n  the mobile 
phase on the capacity fac to r  k ’ i  (t) and the  resolut ion Rs (a). 
Conditions: Column, Cyclobond-I ( 2 5 0 ~ 4 . 6  mm, 5 pm); mobile phase : 
0.2 X (by volume) o f  the acet ic ac idhr ie thy lamine bu f fe r  a t  an 
acid/amine ra t i o ,  50 i n  ace ton i t r i l e ;  f lowrate, 1 mL/mn; U.V. 
detect ion a t  254 nm. 

retent ion resu l ts  by a be t te r  a f f i n i t y  f o r  the stat ionary phase o f  

the  protonated amine r e l a t i v e l y  t o  the f ree  enantiomer, leading t o  

a slower e lu t ion .  Actual ly, because o f  the high acid/amine r a t i o ,  

there i s  an excess i n  acid tha t  w i l l  be able t o  protonate the 

amine group o f  the enantiomer. But, as on the one hand, the acid 

excess i s  produced by an increase i n  e i t he r  the  bu f fe r  amount o r  

the r ra t i o ,  and on the other hand, the bu f fe r  amount decreases 

the retent ion while the r r a t i o  increases it, an addi t ional  

mechanism, invo lv ing  d i r e c t  competition between bu f fe r  and 
enantiomers f o r  the  inc lus ion  i n  the  13-cyclodextrin cavi ty,  can be 
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1716 VALIENTE BARDERAS AND DUPRAT 

% buffer 

FIGURE 2. Influence of the amount of acetic 
acid/triethylamine buffer in the mobile phase on the capacity 
factor k'r (t) and the resolution Rs (0). Conditions : Column, 
Cyclobond-I (250~4.6 mm, 5 pm); mobile phase : 2 X (by volume) of 
methanol in acetonitrile, acid/amine ratio, 50; flowrate, 1 mL/mn; 
U.V. detection at 254 nm. 

invoked. Inclusion of methanol in the cavity i s  also probably the 
cause of the observed reduction in retention time. 

The polynomial model provided by the factorial design (Eq. 1) 

is expressed in terms of coded variables (level t1 or -1). To 
check the reliability of the model over the new set of 
experimental data, a transformation of natural variables to coded 
variables is needed. The simplest one is a linear transformatlon : 

Xcoded = -1 + 2 (XnPtural-X-l)/(Xtl-X-i) 
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RS 

1 .o 

0.5 

0 

acetic acid / triethylamine 

FIGURE 3. Influence o f  the acetic acid/triethylamine r a t i o  i n  
the buffer on the capacity factor k’1 (+I and the resolution Rs 
( 0 ) .  Conditions : Column, Cyclobond-I ( 2 5 0 ~ 4 . 6  mn, 5 run); mobile 
phase : 2 x (by volume) o f  methanol and 0.2 X (by volume) o f  the 
buffer i n  acetoni t r i le ;  flowrate, 1 mL/mn; U.V. detection a t  254 
nm . 

x t i  and x - i  being the values o f  the natural variables taken 

i n  the fac to r i a l  design (Table 1 ) .  

Such models, wi th coeff ic ients given i n  Table 3, represent 

the experimental data wi th a mean error o f  15 x on Rs and 23 x on 

Log k ’ i .  This i s  a bad representation since the dispersion o f  the 

experimental points, expressed i n  standard deviation, i s  16 % on 

Rs and 27% on Log k’r .  I t  must be noted that  the capacity factor 

was correlated i n  a logarithm form, a f te r  the physicochemical 

model o f  Snyder e t  a l .  (7) giv ing the mobile phase ef fect  on 

retention i n  non-chiral chromatography, i n  form o f  Log k’r i n  

function of the additives molar fractlons. I n  t h i s  work, it has 

been ve r i f i ed  that  the Log k ’ i  model gives more accurate resul ts 

than the k ’ i  model. 
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1718 VALIENTEi BARDERAS AND DUPRAT 

TABLE 3 
Coef f ic ients  o f  the Ef fects  and In teract ions o f  the Variables 

Considered I n  the Factor ia l  Design, Calculated f o r  the Resolution 
and f o r  the Capacity Factor o f  the F i r s t  Eluted Peak. 

Factors Rs Log k ’ i  

average bo 0.826 1.442 
X i ,  % bu f fe r  b i  0.046 -0.053 
X2, acid/amine r a t i o  b2 0.091 0.332 
X3, % methanol b3 -0.024 -0.403 
i n te rac t i on  X1-X2 b i  2 0.021 -0.029 
i n te rac t i on  X i  -X3 b i  3 -0.014 -0.072 
i n te rac t i on  x2-x3 b2 3 -0.029 -0.105 

The main discrepancy between model and experiments comes from 

the l i nea r  representation o f  the response when one parameter at-a- 

time i s  varied, whereas f igures 2-4 show a very d i f f e r e n t  

behavior. Since the model i s  established using only  two values o f  

each variable, a ce r ta in  curvature can be introduced by a non- 

l i nea r  transformation o f  natural  var iables t o  coded variables, and 

t h a t  without changing the coe f f i c i en ts  o f  the models. I n  t h i s  way, 

the mean e r ro rs  have been reduced by a fac to r  2-3, by modifying 

the acid/amine r a t i o  r i n  Log(r-1) : a mean e r r o r  o f  5 % on the 

resolut ion,  and of 12 X on the capacity fac to r  are obtained. It i s  

noteworthy t h a t  t h i s  transformation has a physical meaning : 

Log(r-1) i s  c losely  connected t o  the pH o f  the bu f fe r  solution, 

i.e. t o  the concentration o f  proton. 

It may be added t h a t  other models have been b u i l t  using a 

more theo re t i ca l  approach, p a r t i c u l a r l y  by decomposing the  

resolut ion i n  s e l e c t i v i t y ,  column e f f i c i ency  and retent ion terms, 

b u t t h e  f i n a l  mean e r ro r  has the same magnitude as i n  the  

s t a t i s t i c a l  models presented here. 
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