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ABSTRACT 

Retent ion  o f  g l ycopy r ro la te  and i t s  d ias te reomer ic  i m p u r i t y  
was s tud ied  on a 8-cyclodextr ln-bonded phase column as f u n c t i o n  
o f  pH and s a l t  add i t i ves .  The r e t e n t i o n  can be modeled by  a l i n -  
ear model w i t h  pH and i o n i c  s t reng th  as independent va r iab les .  On 
the  bas i s  o f  these data, simple and p rec i se  method f o r  d ias te reo -  
mer ic  p u r l  t y  de terminat ion  o f  g l y c o p y r r o l a t e  was developed. 

INTRODUCTION 

G lycopy r ro la te  i s  a a n t i c h o l i n e r g i c  drug marketed under the  

brand name ROBINUL and i s  one o f  the  two d ias te reomer ic  forms o f  

3-[ (cyc lopenty l  hydroxyphenylacetyl  )oxy]-1, l  , -d imethy lpyr ro l  i d i n i  um 

bromide (1) I. 
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I 

The two asymnetric centers a re  marked w i t h  as te r i sks .  Four o p t i -  

ca l  isomers e x i s t  as two diastereomeric pa i rs .  G lycopy r ro la te  i s  

represented by the  ( R , S ) - ( S , R ) ,  pa i r .  

I n  the synthesis o f  g l y c o p y r r o l l t e ,  small amounts o f  the  (R,R)- 

(S,S)-diastereomer a re  formed. A simple and r e l i a b l e  procedure 

f o r  the  de terminat ion  o f  the  diastereomeric p u r i t y  o f  g lycopyr ro-  

l a t e  was des i rab le .  

The "C-NMR can d i s t i n g u i s h  between the  two d ias te reomer ic  

forms, and t h i s  cou ld  be the  base o f  a d ias te reomer ic  p u r i t y  

de termina t ion  method. 

5-10% o f  t he  minor diastereomer (2). Attempts t o  separate 

the  two diastereomers by conven:ional reversed-phase HPLC o r  t h i n -  

l a y e r  chromatography (TLC) remained unsuccessful.  We considered 

t h a t  the  cyclodextr in-based s t a t i o n a r y  phases are  good candidates 

t o  so lve  our  problem. It has been shown i n  the  pas t  by Armstrong 

e t  a l .  (3)  t h a t  a v a r i e t y  o f  diastereomers and s t r u c t u r a l  isomers 

can be separated on cyclodextr in-bonded columns. The key problem 

of our  separat ion i s  t o  reduce the  dominant r o l e  the  quaternary 

amnonium group has i n  the  chromatographic process. 

respect cyc lodex t r i ns  appear t o  be a favorab le  choice. 

I n  p r a c t i c e  the  d e t e c t i o n  l i m i t  was on ly  

I n  t h a t  

I n  a 
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GLYCOPYRROLATE A N D  ITS DIASTEREOMER 78 1 

s t r u c t u r a l l y  r e l a t e d  se r ies  o f  compounds, namely, n -a l ky lbenzy l -  

dimethylamnoninum c h l o r i d e  w i t h  a l k y l  cha in  lengths  f rom 12-18 

carbons, s e l e c t i v i t y  was dominated by the  a l k y l  cha in  (4). 

MATERIALS AND METHODS 

Glycopyr ro la te  was syn the t ized  by the  Chemical Resarch 

Department o f  A. H. Robins Company, Richmond, VA, USA. 

A c e t o n i t r i l e  was spectroscopic grade from E. M. Science, 

Cherry H i l l ,  NJ, USA. A l l  t he  o the r  chemicals were reagent 

grade from A ld r i ch ,  Milwaukee, W I ,  USA. 

UV spectra were taken on a Beckman UV5260 spectrometer (Beck- 

man Instruments,  Inc., I r v i n e ,  CA, USA). 

A Var ian 5500 HPLC system (Walnut Creek, CA, USA) w i t h  

v a r i a b l e  wavelength UV de tec to r  M200 and a 6 po r t - va l ve  i n j e c t o r  

w i t h  a 10-pL loop was used. Data were processed on a SP4270 

Spectra-Physics i n teg ra to r .  We used the  column Cyclobond I 

25 cm x 4.6 mn I.D., 5-pm p a r t i c l e  s i z e  f rom Advanced Separat ion 

Technologies, Inc.. Whippany, NJ, USA. 

The pH was measured w i t h  an Orion Research pH meter, Model 

611, equipped w i t h  a g lass  electrode. 

S t a t i s t i c a l  da ta  ana lys i s  o f  experimental da ta  was performed 

w i t h  R S l  (BBN) software, run on a DEC-VAX minicomputer and SYSTAT 

(Sys ta t ,  Inc.) software, run on a I B M  PC-AT, microcomputer. 

RESULTS AND DISCUSSION 

The separa t ion  o f  the  two diastereomers can be achieved on 

B-cyclodextr in-bonded phase column w i t h  mob i le  phases o f  h igh  
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782 DEMIAN AND GRIPSHOVER 

water content. 

t r i l e  was used i n  a l l  experiments. The most impor tan t  f a c t o r s  con- 

t r o l l i n g  the  separat ion a re  pH and s a l t  a d d i t i v e  concentrat ions.  

The range o f  pH inves t i ga ted  was f r o m  2.8 t o  8.0. A v a r i e t y  o f  

s a l t s  have been used as a d d i t i v e s  t o  the  mob i le  phase. I t  appears 

t h a t  t he re  are  no s p e c l f i c  s a l t  e f fec ts .  

s a l t s  used on r e t e n t i o n  can be r e l a t e d  t o  the  i o n i c  s t reng th  3 f  

A m ix tu re  o f  85 p a r t s  water and 15 p a r t s  ace ton i -  

The e f f e c t  o f  a l l  the  

the  so lu t ion .  

The r e t e n t i o n  data o f  the  two diastereomers a t  d i f f e r e n t  pH 

values o f  the mob i le  phase and d i f f e r e n t  s a l t  a d d i t i v e s  a re  l i s t e d  

i n  Table 1. 

The combined e f f e c t s  o f  pH and i o n i c  s t reng th  o f  the  mob i le  

phase on the  capac i ty  f a c t o r s  ( k ' )  can be descr ibed by a l i n e a r  

model. Three-dimensional graphs o f  k '  (A) and k ' ( B ) ,  respec t i ve l y ,  

versus pH and I are  presented i n  F igures  1 and 2. 

The l l n e a r  models, ca l cu la ted  by m u l t i p l e  l i n e a r  regression, 

a r e  
k ' ( A )  -8.650 + 2.127*pH + 50.272*1 

and 

k ' ( B )  -10.121 + 2.494*PH + 57.267*1 

The p e r t i n e n t  s t a t i s t i c s  o f  the  two l i n e a r  models a re  

presented i n  Table 2. 

Ne i ther  pH nor  the  I o f  the  mob i le  phase s i g n i f i c a n t l y  changed 

the  Separation f a c t o r  (a). I f  k '  o f  the  l ess  re ta ined  d ias te reo -  

mer was h igher  than 3, t he  separa t ion  f a c t o r  had a va lue  o f  1.13 

t o  1.19, s u f f i c i e n t  f o r  good reso lu t i on .  
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GLYCOPYRROLATE A N D  ITS DIASTEREOMER 783 

TABLE 1 

Retent ion  Data f o r  G lycopyr ro la te  and I t s  Oiastereomer on 13- 
Cyc lodex t r i n  Bonded Phase Column, as Func t ion  o f  pH and S a l t  
Add i t i ves  

Mob i le  phase w i t h  85 p a r t s  water, 15 p a r t s  a c e t o n i t r i l e .  

S a l t  Add i t i ve :  C (mole/L) pH k 'A  k ' B  

CH a COOH 
w i t h  E t  

0.0154 
1N 0.0036 

0.0072 
0.0108 
0.0144 
0.0178 
0.0123 
0.0131 
0.0143 
0.0167 
0.0178 
0.0196 
0.0216 

0.025 
0.0 125 
0.006:! 
0.0031 
0.0016 
0.000u 
0.0004 

NaC 1 0.0125 

NH,Cl 0.0125 

Na,SO, 0.0125 

NaH,PO, 0.0125 

0.010 
0.011 
0.013 
0.015 
0.017 
0.017 
0.017 
0.017 
0.018 
0.018 
0.018 
0.018 

0.075 
0.038 
0.019 
0.009 
0.005 
0.002 
0.001 

0.013 

0.013 

0.038 

0.063 

3.65 0.46 0.52 1.12 
4.15 0.92 1.08 1.18 
4.35 1.48 1.74 1.18 
4.56 1.81 2.12 1.17 
4.97 2.65 3.11 1.17 
5.43 3.57 4.19 1.17 
5.66 4.07 4.79 1.18 
6.00 4.74 5.63 1.19 
6.69 7.03 8.32 1.18 
7.02 8.05 9.45 1.17 
7.52 8.48 10.01 1.18 
8.09 9.80 11.56 1.18 

5.47 6.91 7.88 1.14 
5.71 6.27 7.12 1.14 
5.99 5.95 6.83 1.15 
6.20 5.26 5.96 1.13 
6.48 4.44 5.00 1.13 
6.37 4.62 5.28 1.15 
6.21 3.19 3.62 1.13 

6.57 4.28 4.92 1.15 

5.69 5.32 6.09 1.14 

6.11 7.70 8.82 1.14 

4.83 2.84 3.26 1.15 

( 1 ) I o n i c  s t reng th  I = # Z ( c i *  2 1 ' )  
i 

where c = concent ra t ion  o f  i o n  i i n  mole/L 
z = charge o f  i o n  i 

(2)Separat ion f a c t o r  a = k '  (B) /k '  (A) 

A - ( R  ,R) - (S ,S) - d i  as tereomer 
B - g lycopyr ro la te .  
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FIGURE 2. Three-dimensional p l o t  of k ' B  vs.  pH and i o n i c  strength. 
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B 

(2) 

185 

6 

1 tl- ib 7 I f  

11 13 I1 13 11 13 min. 

FIGURE 3. 
i t s  diastereomer(A1: 
l a te ,  3 )  g l ycopy r ro la te  spiked w i t h  0.1% w/w diastereomer, and 
4) g l ycopy r ro la te  spiked with 0.2% w/w diastereomer. 

Mobi le phase: 

Flow: 1.5 mL/min 
Detect ion:  UV 230 nm 

Samples 0.5 mg/mL i n  mobi le phase. 

Chromatographic separat ion o f  g l ycopy r ro la te  (B)  and 
1) mix tu re  o f  A and B, 2) pure g lycopyr ro-  

0.2 ace t i c  a c i d  i n  water pH = 3 ad jus ted  w i t h  
t r l e thy lam ine  - a c e t o n i t r i l e  (85:15). 

The mobile-phase composit ion chosen for the  a n a l y s i s  was 

85 p a r t s  water, 15 p a r t s  a c e t o n i t r i l e ,  0.2% a c e t i c  ac id ,  and pH 

ad jus ted  w i t h  t r i e t h y l a m l n e  t o  pH = 7.0. Chromatograms o f  pure 

g l y c o p y r r o l a t e  and a m ix tu re  o f  g l ycopy r ro la te  w i t h  i t s  d ias te reo -  

mer a r e  presented i n  F igure  3. Quan t l t a t i on  o f  0.1% w/w o f  the  

d ias te romer ic  i m p u r i t y  can be done eas i l y .  
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TABLE 2 

Linear Models, k '  vs. pH and I. 

DEMIAN AND GRIPSHOVER 

R P 
(Corr. F (Sign1 f icance 

Dependent Var iable  coeff . )  (Fisher Rat io)  Level)  

0.936 71.089 <o. 001 
0.936 70.451 <0.001 

k '  ( A )  
k '  (B) 

n 
0 

1 
a 

f 
r 
a 
C 

t 
1 
b 
n 

FIGURE 4: Cal ibrat ion p l o t  f o r  glycopyrrolate and diattereomer. 
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GLYCOPYRROLATE A N D  ITS DIASTEREOMER I87 

The two diastereomeric forms have equal e x t i n c t i o n  c o e f f i -  

c i en ts  a t  258 nm where the adso rp t i v i t y  i s  low and impract ica l  

t o  be used f o r  detection. The wavelength chosen f o r  the UV 

detect ion was 230 nm w i th  unequal a b s o r p t i v i t i e s  o f  the two 

diastereomeric forms, hence the necessity o f  ca l i b ra t i on .  The 

c a l i b r a t i o n  graph i s  presented i n  Figure 4. The parameters o f  the 

c a l i b r a t i o n  l i n e  and s t a t i s t i c s  associated w i th  i t  are: 

%A - 1.065 * [Area(A)/(Area(A) t Area(B))] 

F = 54930 (Fisher r a t i o ) ;  

R-2 = 0.999636 ( co r re la t i on  c o e f f i c i e n t  squared) ; 

p = 1 * 10 exp(-25) (s ign i f icance leve l ) ;  

n = 21 (data pa i rs) .  

I n  conclusion, the diastereomeric o u r i t y  o f  g lycopyrro la te 

was determined i n  a simple and r e l i a b l e  manner by HPLC on 

B-cyclodextrin-bonded phase column. 
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