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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 

BY PREPARATIVE HPLC 

David L.  Musso and Nariman B. Mehta 
Burroughs Wellcome Co. 

Research Triangle Park, N.C. 27709 

ABSTRACT 

A liquid chromatographic method which enables the separation of  
the threo/erythro diastereoisomers obtained from the reduction of 
WellbutrinTM brand bupropion using a ternary eluent system is 
described. This has been achieved on a preparative scale. 

INTRODUCTION 

The rapid and facile separation of a mixture of isomers has 

always been the hope of the bench chemist. 

mixture of three and erythro isomers, particularly aminoalcohols, 

has not been easy (1). 

similar ty in physico-chemical properties such as polarity, melting 

points, and solubility. Thin-layer chromatography (TLC) using 

silica gel does not give complete separation. A study was there- 

fore initiated to explore the possibility of using preparative HPLC 

to bring about a quantitative separation. This has now been 

The separation of a 

The major obstacle has been the great 
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1418 MUSS0 AND MEHTA 

achieved. Our primary interest, as reported herein, was to obtain 

the pure t .  isomer as usually it is not easily accessible by 

chemical separations. 

The aminoketone, 3 - c h l o r o p h e n y l - 2 - ~ - b u t y l a m i n o p r o p i o p h e n o n e ,  

- 1, (WellbutrinTM brand bupropion, y=C1) on reduction gave a mixture 

of diasteriomeric threo/erythro aminoalcohols, 2, in varying propor- 

tions depending upon the reducing agent and conditions employed. 

Reduction with Adam’s catalyst, known to give pure erythro isomer, 

could not be employed because of reductive dehalogenation of the 

aromatic ring (la). Of the several reducing agents attempted, it 

was found that sodium borohydride in aqueous ethanol at room 

temperature gave predominately the erythro (ca 80%) isomer. 

Reduction with diborane in THF resulted in a threo/erythro isomer 

ratio of ca 80:20 respectively. 

Initially, efforts at establishing a TLC system which could 

effectively separate the two isomeric aminoalcohols using acetoni- 

trile/toluene or chloroform/ethyl acetate were not successful. 

Complete separation was not achieved due to tailing of the spots. 

The use of ammonia vapors in the TLC chamber was employed ( 2 ) .  

This resulted in a definite separation on silica plates giving a 

A Rf value (3)  of 0.09. 

silica of the prep 500 cartridge was inadvisable; however, the use 

of 0.1% diethylamine in the mobile phases, mentioned above, gave 

desirable conditions for the effective separation of the two 

isomers. 

The use of  ammonia to deactivate (4) the 

Triethylamine appeared to be equally useful. 
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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 1419 

In the course of these studies, it was observed that when 

large amounts (50 g) of the isomeric mixture were to be separated, 

the first load of 10 g on the 

retention times) and showed a 

fresh cartridge eluted slowly (long 

long tailing effect for the second 

Y I 
CH3 

1 - 
OH H 

component, the erythro isomer (see Fig. 1). However, if the new 

silica cartridge was initially equilibrated with a different eluent 

solution having a higher concentration (1.0%) of the amine, deacti- 

vation was sufficient to make the subsequent separation of the two 

isomers very facile and the tailing effect, observed earlier, 

minimized. 

For reasons obvious from Figure 1, recycling was not practical 

as the first component, the threo isomer, would be out of phase in 
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Figure  1. P r e p a r a t i v e  HPLC chromatogram of t h r e o / e r y t h r o  ( 7 9 : 2 1 )  
S e p a r a t i o n .  

t h e  e l u t i n g  process  and would precede  t h e  t a i l  o f  t h e  e r y t h r o  

isomer. However, t h e  i n t e r m e d i a t e  f r a c t i o n s  between t h e  pure  t h r g o  

and pure e r y t h r o  f r a c t i o n s  could be concent ra ted  and rechromato- 

graphed. 

s i n g l e  run 47.2% of pure  -, 13 .9% of a middle f r a c t i o n  having a 

t h r e o / e r y t h r o  r a t i o  of 6 4 : 3 6 ,  r e s p e c t i v e l y  and 2.8% of  a f i n a l  

f r a c t i o n  which was 85% e r y t h r o / l S %  t h r e o .  This  accounted f o r  a 

t o t a l  recovery (5) o f  63.9%. 

Using t h i s  approach,  it was p o s s i b l e  t o  o b t a i n  i n  a 

Subsequent ly ,  s e v e r a l  o t h e r  examples of t h e  t h r e o / e r y t h r o  

aminoalcohols of  t h i s  c l a s s  have been s e p a r a t e d  us ing  e s s e n t i a l l y  

t h e  same techniques .  I t  should be  mentioned t h a t  f o r  t h e  l a r g e  

s c a l e  s e p a r a t i o n s ,  r e g u l a r  reagent  grade  s o l v e n t s  were s a t i s f a c -  

t o r y .  A l s o ,  t h e  a v a i l a b i l i t y  of a cont inuous f e e d i n g  t y p e  s y r i n g e  

(6) could a l low t h e  loading  of 30 t o  40 g o f  t h e  mixture  wi thout  

disengaging t h e  needle  from t h e  i n j e c t o r  p l a t e .  
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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 

EXPERIMENTAL 

1421 

Apparatus 

a) Chromatographic equipment: (i) preparative LC - The 
apparatus consisted of a Waters Associates Liquid 

Chromatography Preparative 500 system equipped with a 

differential refractive index detector. (ii) Analytical 

LC-Water Associates Model 244 equipped with a Model 

6000A pump, U6K universal injector and a R401 differen- 

tial refractometer. (iii) RCSS-LC-Waters Radial Compres- 

sion Separation System (RCSS) equipped with a Model 6000A 

pump, U6K injector and a R401 differential refractometer. 

b) General equipment: The NMR spectra were recorded on a 

Perkin-Elmer R24A or a Varian XL 100 spectrometer. 

Results are reported on the 6 scale in parts per million 

(ppm) downfield from TMS internal standard. 

The gas chromatographic analyses were performed on a 

Varian 1800 chromatograph with a flame-ionization detec- 

tor. 

Reagents 

The following solvents were used without further purification 

(7): Fisher HPLC grade acetonitrile and ethyl acetate, Mallinc- 

krodt analytical reagent grade toluene and chloroform, diethylamine 

purchased from Aldrich Chemical Co. 
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1422  MUSS0 AND MEHTA 

The aminoalcohols were synthesized by procedures published 

earlier (8a-c). The isomeric mixtures of  3-10 g of threo (T)/ 

erythro (E) isomers were dissolved in 10 milliliters of the mobile 

phase ( S l ) .  

Procedures 

The solvent reservoirs, injection port and the columns were 

maintained at ambient temperature. The mobile phase ( S l )  consisted 

of acetonitrile, toluene and diethylamine 20:80:0.1 ( V : V : V ) .  For 

the preparative LC separations, the "Prep-Pack"@ cartridge was 

equilibrated using two different procedures. The first procedure 

(A)  consisted of flushing the new cartridge with one liter (two 

column volumes) of  the mobile phase ( S l )  which was discarded. The 

mobile phase (Sl) was then recirculated for one-half hour prior to 

the separation. I n  the second procedure (B), the new cartridge was 

pretreated with one liter of a different solvent system (S2)  con- 

sisting of  acetonitrile, toluene and diethylamine 20:80:1.0 ( V : V : V ) ,  

that is, enhanced ten fold in diethylamine concentration. This 

latter eluent (S2) was discarded after which 'the original mobile 

phase ( S 1 )  was recirculated as before for one-half hour prior to 

the separation. The flow rate for the preparative separations was 

100 mL per minute and the relative response of the refractive index 

detector was ten. Normally, the fractions collected were between 

40 and 100 mL of eluent. 

For the analytical and RCSS separations the columns were 

equilibrated to the mobile phase (Sl) for approximately one-half 

hour prior to the separation. 
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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 1423 

Results and Discussion 

The degree of purity of the threo and erythro isomers obtained 

by preparative high performance liquid chromatography was verified 

by other methods. The identification and purity of the two isomers 

was accomplished by NMR spectroscopy 

(9). 

OH Hb 

Ar- c-  C-CH3 
I I  
I I  

The NMR spectrum of the threo isomer 

H a  NHR had a doublet centered at 3.9 ppm 

(JHoHb= 8.2) as shown in Figure 2 .  

doublet at 4 . 6  ppm ( JHoHb= 3.5) .  

difference in the chemical shifts for the doublets attributed to 

The erythro isomer had a 

There was also a definite 

c 

Solvent - CDC13 

~ 

10.0 8.0 6.0 4.0 2.0 0 PPM 

Figure 2 .  NMR spectrum of threo/erythro mixture (combined 
fractions 31-33). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1424 MUSS0 AND MEHTA 

the methyl protons. 

and the erythro-CH 3 

The --CH doublet was found at 1.09 ppm 3 
doublet at 0 .8  ppm. 

The three and erythro isomers were also characterized by gas 

chromatography as shown in Figure 3. 

column, the retention times €or the threo and erythro isomers were 

7.5 min. and 7.25  min. respectively for the conditions shown in 

Table 1. 

The thin-layer chromatography of the threolerythro mixture on 

silica gel using acetonitrile/toluene (20:80) in an ammonia atmos- 

phere gave an Rf(T) of 0.29 and an Rf(E) of 0.20. 

(10). From the TLC data, the A R value (11) for this mixture was f 

0.09. This indicated that a load in the range of three to five 

Using an OV-11 on Supelcoport 

(See Figure 4 )  

H 
1 min p I 

f 
I 

W 
9 

1 1  
I 
I 
I 
I 
I 
I 

_J 

f 
L 

9 
W 

f 
I 

W 
2 

I 

Figure 3. GC Analysis of threolerythro mixture 
(A) Combined fractions 31-33; (B) combined 
fractions 11-30; (C) fraction 34 
(See Table I for GC conditions). 
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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 1425 

Table  1 

Condit ions f o r  Gas Chromatography 

ins t rument :  
column: 

column temp: 
i n j e c t o r  temp : 
d e t e c t o r  temp: 
c a r r i e r  gas :  
c h a r t  speed: 
s o l v e n t :  

Varian 1800 GC w i t h  FID 
10% O V - 1 1  on 100/120 supelcopor t  

180-260°C a t  8"/min 
24OoC 
275OC 
Hel ium a t  40 cc/min 
0 .5  inch/min 
e t h a n o l  

(6  f t .  x 2 nun g l a s s )  

Solvent Front 

Origin 

Figure  4 .  

a c e t o n i t r i l e / t o l u e n e  (20:80) i n  a n  ammonia atmosphere ( F r a c t i o n s  

31-34) 

TLC of  t h r e o / e r y t h r o  mixture  on s i l i c a  g e l  u s i n g  

grams could be s t a t i s f a c t o r i l y  s e p a r a t e d  by a s i n g l e  p a s s  u s i n g  one 

Prep-Pak@ c a r t r i d g e  ( 3 ) .  

The mixture  p r i o r  t o  s e p a r a t i o n ,  a s  determined by NMR, con- 

s i s t e d  of t h e  t h r e o  and e r y t h r o  isomers i n  a r a t i o  of 79:21 respec-  

t i v e l y .  Three and s i x - t e n t h s  grams of t h e  mixture  was d i s s o l v e d  i n  

10 mL of  t h e  p r e v i o u s l y  descr ibed  e l u e n t  t o  load  t h e  c a r t r i d g e .  

F igure  1 shows t h e  p r e p a r a t i v e  chromatogram f o r  t h i s  s e p a r a t i o n .  

The i n d i v i d u a l  f r a c t i o n s  were scanned by TLC. S i m i l a r  f r a c t i o n s  

were combined and concent ra ted .  These were analyzed by NMR and gas  
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1426 MUSS0 AND MEHTA 

chromatography. Fractions 1-10 consisting of  approximately 1100 mL 

of eluent were discarded since thin-layer chromatography showed no 

fluorescent material ( 1 2 ) .  The chromatogram asymptotically returns 

to the baseline, therefore fractions 31 to 34 are not shown. 

Fraction 32 contained 500 mL of eluent while fractions 31, 33 and 

34 were approximately one liter each. Fractions 11 to 30 gave 1 . 7  

grams of pure three isomer as shown by NMR (see Figure 5). 

Fractions 31  to 33 gave 0.5 grams of a mixture consisting of 36% 

erythro and 64% three (Figure 2 ) .  

of a mixture which was 85% erythro and 15% threo (Figure 6). 

The last fraction gave 0.1 grams 

500 4 00 300 200 100 c 
I I I I I 1 

Solvent-CDCI3 

I I I 1 1 

Figure 5 .  NMR o f  combined fractions 11-30 (pure threo isomer). 
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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 1427 

10.0 8.0 6.0 4.0 2 .o 0 PPM 

Figure  6 .  NMR of f r a c t i o n  34 - e r y t h r o / t h r e o  mixture  - 85%/15% 
r e s p e c t i v e l y  

These s t u d i e s  were e s s e n t i a l l y  d i r e c t e d  a t  o b t a i n i n g  t h e  p u r e  t h r e o  

isomer. S ince  t h e  i n i t i a l  mixture  was e n r i c h e d  i n  t h e  t h r e o  isomer,  

t h e  e r y t h r o  isomer was n o t  ob ta ined  i n  pure  form i n  t h i s  s p e c i f i c  

s e p a r a t i o n .  As shown i n  F igure  1 ,  t h e  e r y t h r o  isomer e l u t e d  i n  t h e  

t a i l  o f  t h e  three isomer ( F r a c t i o n s  31 t o  3 4 ) .  

F i g u r e s  7 and 8 show t h e  a n a l y t i c a l  HPLC and t h e  R a d i a l  Com- 

p r e s s i o n  S e p a r a t i o n  System (RCSS) chromatograms r e s p e c t i v e l y .  

Table  2 compares t h e  chromatographic d a t a  of t h e  two a n a l y t i c a l  

HPLC's w i t h  t h e  d a t a  obta ined  from t h e  p r e p a r a t i v e  LC.  I t  should  

be noted t h a t  over loading  t h e  column a s  i n  t h e  p r e p a r a t i v e  mode 
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1 inch 
t----l 

II 
Column: Waters p-porasil 

Mobile phase: Acetonitrile/Toluene/ 
diethylamine - 20:80: 
0.1 (V:V:V). 

Chart speed: 0.2 inch/min 

Flow Rate: 2 cc/min 

Figure 7 - Analytical HPLC chromatogram 

Column: Waters Radial-PAK SIB 
Mobile phase: Acetonitrile/Toluene/ 

diethylamine - 20:80: 1 inch 
H 

0.1 (V:V:V) 

Chart speed: 0.4 inch/min. 

Flow Rate: 3 cc/min 

- 

i 
Figure 8 - RCSS chromatogram 
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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 1429 

Table  2 

Comparison of  A n a l y t i c a l  and P r e p a r a t i v e  LC Data 

A n a l y t i c a l  HPLC R Z  Prep LC 

0.6 

1.2 

1 .0  1 . 7  

1.5 4.8 

reduces t h e  k '  ( k ' =  (V -V ) / V o ,  where V 1  = t h e  r e t e n t i o n  volume 

of a p a r t i c u l a r  compound and V 

isomer r e l a t i v e  t o  t h e  e r y t h r o  isomer.  

1 0  

= one column volume ) of t h e  three 

S e v e r a l  o t h e r  mixtures  which d i f f e r e d  from 85% t h r e o / l 5 %  

e r y t h r o  t o  10% e r y t h r o  have been s e p a r a t e d .  These 

s t u d i e s  i n  vary ing  percentage  composi t ion a r e  shown i n  Table  3 and 

a d i s c u s s i o n  of t h e i r  r e s u l t s  fo l lows .  

When t h e  three isomer predominated,  a s  i n  examples 1 and 2 ,  it 

was obta ined  i n  e x c e l l e n t  y i e l d  by a s i n g l e  p a s s  through one "Prep- 

Pak"Q c a r t r i d g e  us ing  t h e  s tandard  e l u e n t  ( S l )  a c e t o n i t r i l e ,  

to luene  and d ie thylamine  20:80:0.1 (V:V:V). The remaining f r a c -  

t i o n s  were enr iched  i n  t h e  e r y t h r o  isomer. These enr iched  f r a c -  

t i o n s  from examples 1 and 2 could presumably be  rechromatographed 

t o  o b t a i n  t h e  pure  e r y t h r o  isomer a s  i l l u s t r a t e d  i n  example 4 .  

I t  has  been our  o b s e r v a t i o n  t h a t  when t h e  e r y t h r o  isomer 

predominates i n  t h e  o r i g i n a l  mix ture ,  it can be obta ined  i n  a h igh  

degree (>99%) of p u r i t y  a s  i l l u s t r a t e d  by example 4 .  However, t h e  

y i e l d  i s  r a t h e r  poor .  S e v e r a l  f a c t o r s  could be a t t r i b u t e d  t o  t h i s  

low y i e l d .  F i r s t ,  s i n c e  t h e  e r y t h r o  ( i . e . ,  t h e  second e l u t i o n  

component) isomer was predominant, t h e  c a r t r i d g e  was overloaded 
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1430 MUSS0 AND MEHTA 

Table 3 

Examples of Mixtures of Varying Compositions 

Equili- 

6 a c  Example Mixture, g % Composition5 Method- Results-'- 

1 1 2 . 5  g- 85%T/15% A 8 . 9  g T 

Amount of bratio 

1.16 g 46%TT/54'E 
1.12 g 16%T/84"! 

2 9 . 9  g 85%TT/ 15"E B 6 . 8  g T 
1 . 9  g 61%TT/39% 
0 . 8  g 5%TT/95OE 

3 5.9  g 13%TT/87OE A 3.6  g E(>97%) 
2 .3  g 29%T/7laE 

4 8 . 2  g 1 O%T/ 9 O O L E  B 2 . 6  g E(>99%) 
4 . 5  g 20%T/80°E 

5 3 .4  g 59%T/4l0fi A 1 . 5  g T 
0 . 5  g 43%TT/57"E 
0 . 6  g 9%T/9l0E 

6 2 . 0  ge 43%TT/57% A 0 . 5  g T 
0 . 4  g 37%TT/63"E 
0.7 g 6%TT/94%E 

a % composition determined by NMR. 
See procedure section for description of  method A and B. 
Single pass through one "Prep-Pack"@ cartridge. Results are 
given for various combined fractions. 

- Two separations of 6.25  g each (second separation was performed 
on same column as the first). 
This separation was done using the mobile phase (S3) ethyl 
acetate, chloroform and diethylamine 20:80:0.1 (V:V:V). 

with respect to this isomer which caused it t o  elute faster than 

normal. At the same time, the cartridge was not overloaded with 

respect to the three (the primary elution component) isomer which 

continued to come off the cartridge at its normal elution rate. 

This explains why the erythro isomer "had caught up with" the three 
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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 1431 

isomer g i v i n g  a poor y i e l d  of t h e  second component - t h e  h i g h l y  

pure e r y t h r o  isomer.  

Also,  d e a c t i v a t i o n  of  t h e  column through p r e t r e a t m e n t  w i t h  a n  

amine, makes both  isomers  e l u t e  f a s t e r  which could  enhance t h i s  

e f f e c t .  The t a i l i n g  o f  t h e  three ( i . e .  t h e  f i r s t  component) isomer 

was a l s o  a f a c t o r  which reduced t h e  amount of t h e  pure  e r y t h r o  

product  o b t a i n e d .  

Example 3 demonstrated t h a t  t h e  use of  a n o n - p r e t r e a t e d  c a r -  

t r i d g e  gave a h i g h e r  y i e l d  of t h e  e r y t h r o  isomer b u t  w i t h  a lower 

degree of  p u r i t y  (>97%).  This  a g a i n  r e f l e c t s  t h e  t a i l i n g  of t h e  

t h r e o  component which i s  more pronounced when a non-pre t rea ted  

c a r t r i d g e  i s  used.  Rechromatography of t h e  combined f i r s t  f r a c t i o n  

in example 3 could g ive  t h e  pure  e r y t h r o  isomer.  

The f i f t h  example i n  Table  3 i l l u s t r a t e s  t h a t  when t h e  p e r c e n t  

composition was n e a r l y  e q u a l ,  a f a i r  s e p a r a t i o n  can be obta ined .  

The three isomer was obta ined  p u r e ,  whi le  t h e  e r y t h r o  isomer was 

obta ined  having about  91% p u r i t y .  Again, rechromatography o f  t h e  

remaining f r a c t i o n s  could g ive  t h e  pure  e r y t h r o  isomer. I t  i s  

important  t o  n o t e  t h a t  t h e  r e v e r s a l  of t h e  composi t ion of  t h e  

t h r e o / e r y t h r o  mixture  does not  a l t e r  t h e  o r d e r  o f  e l u t i o n  o f  t h e  

two isomers .  The three isomer i s  always fol lowed by t h e  e r y t h r o  

component. 

Other  e l u e n t s  can  a l s o  be employed advantageously f o r  t h i s  

s e p a r a t i o n .  For  example, e t h y l  a c e t a t e ,  chloroform and d i e t h y l -  

amine 20:80:0.1 (V:V:V) (S3) gave s i m i l a r  r e s u l t s  a s  shown i n  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
2
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1432 MUSS0 AND MEHTA 

example 6 .  

0.39 for the three and erythro isomers respectively in the TLC (10) 

as compared with the earlier eluent system ( S l ) .  Although the 

higher Rf values would imply that the isomers would not be retained 

as long on the cartridge, the actual observation was that he three 

isomer was retained longer relative to the erythro isomer. However, 

the order of elution remained unchanged. This resulted in a lower 

yield of the pure + component. Consequently, almost one and 

one-half a s  much of the nearly pure (94%) erythro isomer was 

realized than was obtained by the eluent system (Sl). Ethyl 

acetate/dichloromethane 20:80 (V:V) (10) gave similar results by 

TLC (Rf (T) = 0.59 and Rf (E) = 0 . 4 6 ) .  While this eluent system 

(S4) was not employed for the preparative LC separations, it would 

be expected to give results similar to those obtained using eluent 

system ( S 3 ) .  

This solvent system gave higher Rf values of 0.52 and 

Pretreatment of the fresh cartridge with a different solvent 

system (S2) containing 1% diethylamine as described earlier in the 

procedure section, resulted in a duration of separation of one-half 

to one-fourth the time required for a non-pretreated cartridge. 

Also, the solvent consumption, as would be expected, was reduced 

proportionately. 

Using the same set of conditions as described above for the 

3 . 6  8 sample, separations of  large amounts (ca 50 g) of the iso- 

meric aminoalcohols of this class using five to ten gram portions 

per injection, have been successful. For a given set of condi- 

tions, the separation was repeatable. 
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SEPARATIONS OF THREO-ERYTHRO AMINOALCOHOLS 1433 

These studies in separations of the two diastereoisomers seem 

to indicate that it would be more advantageous to use two different 

sets of solvent systems if the recovery of both of the isomers, in 

high yield, is desired. The fractions enriched in the erythro 

isomer after chromatography with eluent (Sl) could be rechromato- 

graphed using the latter two solvent systems (S3 or 54). 

Conclusion 

Preparative HPLC has been found to be a satisfactory method 

for the separation of threolerythro mixtures resulting in high 

yields of the individual isomers having excellent purity. 
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