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The relationship b~ween molec~ar  chNali~ and the pharmaceutical activity of 
various drugs is of great interest [1]. The separation o fa  racemic mixture offi-adreno- 
ceptor blocking agents (r-blockers), in par t ic~a~ has a t ta ined confideraNe atten- 
tion [2]. For ~ a n c ~  proprand ,  a typ~M fl-Nocke~ has been wide~ used in the 
~eatment of a variety of carNovasc~ar  Nsorders and its (S) - ( -  )-isomer is 100 times 
more potent than its antipode, the (R) - ( -  )-isomer [3]. In addition to the different 
pharmacdoNcN acti~fies, recent studies have shown that the absorption, metabo- 
lism and Ospo~tion kinetics of drugs also depend greatly on mo~cMar cNrMi~ [4]. 
Therefore, the devdopment  of a facile procedure capable of separating and quantify- 
ing the enantiomers of of ~-Nocke~ is impo~ant.  

The chromatograpNc separation of a racemic mixture has been recognized as 
one of the most effective mmhods for the above purpose [5]. In addition to the con- 
ventionM indirect separation m~hod  using dN~ereomefic derivatives, them am two 
different dire~ ~parat ion approache~ a chiral s~tionary phase (CSP) mNhod and a 
chiral ion-pair method. Several kinds of CSPs for the direct chromatographk sep- 
aration of enantiomeric fl-Nocke~, such as ~l-aCid glycoprot~n [~, cydodextrins [~ 
and cd l~ose  derivatives [8] have been developed recently. An ion-pair chromato- 
graphic mmhod for the separation of a racem~ m~tum of various d5ugs [9] was 
devdoped by Pe~erson and co-worker~ who found (+  ~ 1 0 - c a m p h o ~ p h o n ~  acid 
[1~ and N-benz~oxycarbonylglycyl-L-proline [1 I] to be pa~kMafly effective as chi- 
ral counter ions for a number of fi-Nockers. These results prompmd us to develop a 
new CSP for the ~paraf ion of a racemic mixture of fi-Nocke~ by immoNfi~ng 
N y c ~ - b p r d i n e  (GPr) on modNed silica gel. 

In this paper, the synthe~s of a novel chiral ~a t~na ry  phase and the res~U of 
the separation of a series of fl-Nocke~ are presenmd. 
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EXPERIMENTAL 

M a m r ~  
All chem~Ms were anMyficM-reagent grade, except where ind~a~d otherwNe, 

and were used without fu~her purification. 
DevdoMl 100-5 (5 ~m) Mlica gd, purchased ~om Nomura Chem~M (A~hi, 

Japan) was used as a suppo~. 3-Glyddoxyprop~tfimethoxysiNne was obtNned from 
Shin-Etsu (Tokyo, Japan), glycyVL-prohne ~om the Peptide Institu~ (Osaka, Japan) 
or Sigma (St. Louis, MO, U.S.A.), Propranolol, pindolol and atenolol ~om Ngmm 
ca~eolol ~om Kanto (Tokyo, Japan) and metoprolol ~om Sterochim (Milam Italy). 

Prepar~n ~f ~e CSP-GPr ch~d smt~nao' phase 
To a suspenMon of Devdo~l  100-5 (20.0 ~ ,  dried for 4 h at 120°C, in dry 

toluene (100 ml) was added 3-#yddoxyprop~tr imethoxyNlane (12.0 ml) and the 
resMfing m ~ t u ~  was h e a r d  under ~flux for 20 h with the ~movM ~om the m N tu ~  
of the m~hanM formed. A~er coohng, the m o t t l e d  Mhca gel was N ~ d  with a glass 
filter (G-~,  washed with dry toluene (2 x 50 ml) and dried u n d ~  vacuum to Nve 23.6 
g of the product. A p o t i o n  of this moNfied sihca gel (3.70 ~ was suspended in dry 
m ~ ha nN ~ 0  ml) and then the monosoNum salt of #yc~-L-proline ~.512 N was 
added and the m ~ t u ~  was MMwed to stand for 7 days with occaNonal ~ r i n g  under 
nffrogen at room ~ m p e r ~ u ~ .  The result~g chiral s ta t~nary pha~,  CSP GPr was 
collected by fiRrafion and washed exhaustively with m~hanM. ElementM analysis 
gave C 7.38, H 1.43, N 0.57; required for silaNzed sifica gel, C 7.28, H 1.47, N 
<0.1%. 

Chromamgraphy 
A ~ M n M ~ d  column (150 mm x 0.46 mm, I.D.) was packed with the mod- 

ified silica gel uMng convenfionM slu~y packing ~chmques. Chromatography was 
carried out at room mmperature at a flow-ram of 1.0 m~min using a mixture of 
methanN and dicNorom~hane contMNng an amine (1.0 raM) as the mobile phase. A 
SNmadzu (Kyoto, Japan) Model 6A, high-performance liquid chromatograph 
equipped with a Rheodyne Model 7120 i ~ e ~ o r  with a 20-ml loop and a Shimadzu 
SPD-6A UV detector measuNng at 280 nm was used. 

RESULTS AND D~CUS~ON 

The chirM stationary phase, CSP-GPr  was prepared from Nyc~-L-pro~ne and 
Dev~osil 1C0-5 (5 ~m), pr~reated with 3-~yNdoxyprop~trimethoxyNNne as a cou- 
pler, as shown in Fig. 1. 

The separation of  a racemic mNture of  fl-blockers on the prepared CSP was 
fi~t conducted under the conditions used by Pe~e~son and co-workers with a solu- 
tion of  t r i~h~amine ~ dicNorom~hane (1.0 mM) as the mobi~ phase [1~. PindNol 
(separation fa~o~  ~ = 1.15), propranolM (e = 1,15) and carteolol (e = 1.18) were 
well separa~d into enanfiomers. However, the rmenfion time of these peaks varied 
with time so that the reproducibihty of an anNy~s was poor. Addition of m~hanN to 
the m o N ~  phase solved this proNem. Amines added to the mobi~ phase comp~e 
with the fl-blocker (h-amino Mcohol) for ion pNr formation with the carboxyl groups 
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Fig. 1. Synthesis of the chiral stationary phase. Me = methyl. 

o f  C S P  G P ~  h e n c e  the  ~ m n f i o n  t i m e  a n d  s e p a r a t i o n  ~ c t o r  will  be  a f f e ~ e d  by  t he  

a m i n e  s t r u c t u r e  a n d  b a ~ d ~ .  T h e  effects  o f  M c o h o N  a n d  a m i n e s  a d d e d  to  ~ e  m o b i l e  

p h a s e  were  f u ~ h e r  ~ v ~ g a m d  to  ~ u d d a m  the  c h a r a c ~ k s  o f  C S P - G P r .  

Organ~ solvent ~ a mobile phase 
T h e  r e su l t s  o f  t he  s e p a r a t i o n  o f  p r o p r a n o l o l  w i t h  v a r i o u s  m o b i l e  p h a s e s  a r e  

N v e n  in T a b l e  I. W h e n  2 - p r o p a n o l  w as  a d d e d  i n s t e a d  o f  m N h a n o l ,  t he  p e a k s  e x h i b -  

i t ed  t a i l ing ,  e v e n  t h o u g h  the  s e k c t i ~ t y  r e m N n e d  t he  s a m e  as  w i th  m e t h a n o l .  C h l o r o -  

f o r m  s e p a r a m d  the  e n a n f i o m e r s  o f  p i n d o l o l  b e t t e r  t h a n  d i c h l o r o m e t h a n  ( T a b l e  II). 

TABLE 1 

EFFECT OF ALCOHOLS IN THE M O ~ L E  PHASE ON TttE RESOLUTION OF PROPRANOLOL 

C~ral ~ a t ~ n a ~  phase: CSP GPr. M o ~ k  pha~: ako l~o~d~oromethane  (3:97) contai~ng 1.0 mM 
t ~ h ~ m n ~  ~ow-~te:  1.0 ml,'min. Tcmperamre: 25°C. UV d ~ e ~ n  at 280 nm, 

Alcohol 8 "  k l  b k x  b ~ R s  a 

Methanol 14.4 1.01 1.11 I. 10 0.63 
Ethanol 12.7 15.3 17.4 1.13 1.52 
2-Propanol 11.5 3,30 3.66 I. I l 0.60 

_ 

" 8 = HildebrandN solubili~ para~n~er. 
b Capad~  ~ o r  of the first eluted enamiome~ k 1 = (m~nfion time - dead time,dead time. 
• Separation ~ o r  ~ = k 2 / kl. 
~ Resdufion ~ctor R~ - 2 (di~ance b~ween the two peaks) / (sum of the band w~ths of the two 

peaks). 

TABLE 11 

EFFECT OF ORGANIC SOLVENTS IN THE MOBILE PHASE ON THE RESOLUTION OF PIN- 
DOLOL 

Cond~ons as in TaNe I. MoNk pha~: m ~ h a n ~  hMogena~d s~vem (3~7) conmin~g 1.0 mM tfiahyN 
anfine. 

_ _  _ _  

Solvent 6 k~ k z ~ R~ 

Dichloromethanc 9.7 4.00 4.29 1.07 0.88 
Chloroform 9.3 3.80 4.26 1.12 I. I 7 
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TABLE II1 

EFFECT OF VARIOUS AMINES ON THE RESOLUTION OF ~NDOLOL 

M o ~  pha~: m ~ n ~ o m ~  (3:9~ c o ~ n g  1~ mM amid .  Con~f io~  ~ ~ Ta~e I. 

Amine pKf  k~ ~ R~ 

Triethylamine I 1.01 1.0l 1.11 1.10 0.63 
Diethylamine 11.09 4.68 5.22 1.12 1.05 
Diisopropylamine [ 1.13 6.56 6.99 [.07 0.59 
Butylamine 10.78 4.58 4.92 1.08 0.93 
Pyrrolidine 11.27 2.33 2.49 1.07 0.71 
Pipefidine 11.12 5.74 6.07 1.12 1.63 
Morpholine 8.33 26.21 27.90 1.06 0.91 
2-Aminoethanol 9.52 1.9[ 2.10 1.10 0.99 
2-(Ethylamino)ethanol - 5.45 5.84 1.07 1.04 

" Thee  dam we~ ~ken ~om ~ 1~ 

TABLE IV 

RESOLU~ON OF VARIOUS ~BLOCKERS ON C S ~ G ~  

ConOfio~ ~ ~ TaNe I. MoN~ pha~: m e ~ a n ~ N o m ~ r m  ~ : 9 ~  ~ N N n g  1.0 mM N~h~am~e .  

RIOCHzCHCHzNHCCH ~ 
I I 

OH CH 3 

SMum R 1 R 2 k~ k 2 ~ R~ 

Propranolol @ H 1.77 2.06 1.16 1.09 

Pindolol ~ H 8.24 9.55 1.16 1.02 

H 
H 

Compound 1" ~ 1  H [ 1.7 16.1 1.37 2.12 

H 

Compound If" ~ H 2.30 2.77 1.21 1.13 

Caneolol ~ o  CH 3 4.04 4.82 1.19 1.21 

Metoprolol CH~OCH2CH2...~ H 1.18 1.31 1.12 0.41 

A~nolol H ~ H 2  t _ - - ~  ~ H 11.2 12.3 1.10 0.58 
~ 1  - -  

0 

" These compounds are fl-Nocker anMogues. 
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~g. 2. Chromatograms of (a) NndM~, (b) proprandM, (c) compound ! and (d) carteolol u~ng CSP-GPr 
as a cNral ~afiona~ pha~. MoN~ phase: m~hano~d~Norom~hane (3:97) comN~ng 1.0 mM d ~ -  
amine. F~w~a~: 1D ml/mm. Tempermure: 25°C. UV dmemion at 280 nm. Time a~s in min. 

Influence of am~e additives 
The separation of a racem~ mixture of  propranolol was carried out using mo- 

bile phase containing nine types of  amines, and the results are summar~ed in Table 
IlI.  The retention time is greatly affected by the concentration of amines. As the 
amine concentration in the mobi~  phase increases, the fl-blocker is dumd in a shorter 
time. Addition of smficN~ bulky di isoprop~amine reduced the separation factor. 
The relationship between the b a ~ d t y  and the separation factor is not clear at this 
stage, but tr ieth~amine, d i S h , a m i n e  and piperidine gave opt imum separation fac- 
tors among the nine amines investigated. 

A series of  f l -Nocke~ were separamd on CSP-GPr  using m e t h a n o ~ d ~ N o r o -  
methane (3:97) containing dieth~amine (1.0 mM) and the results are summarized in 
Table IV. TypicM chromatograms are shown in Fig. 2. 

In condu~on ,  an effective and read~y prepared chiral ~at ionary phase has 
been developed that has pomntiN for appl~afion to other adrenerNc drugs and other 
groups of pharmaceuticMs with similar chemicM structures. 

Further studies are in progress to improve the resolution by chanNng the im- 
mobil~ed peptide structure and the results will be presen~d dsewhere. 
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