
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Preparative Liquid Chromatography. I. Approaches Utilizing Highly
Compressed Beds
Donald E. Nettleton Jr.a
a Dept. of Medicinal Chemistry, Bristol Laboratories, Syracuse, N.Y.

To cite this Article Nettleton Jr., Donald E.(1981) 'Preparative Liquid Chromatography. I. Approaches Utilizing Highly
Compressed Beds', Journal of Liquid Chromatography & Related Technologies, 4: 11, 141 — 173
To link to this Article: DOI: 10.1080/01483918108069354
URL: http://dx.doi.org/10.1080/01483918108069354

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918108069354
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF LIQUID CHROMATOGRAPHY, h(Supp1. l ) ,  141-173 (1981) 

?REPARATIVE LIQUID CHFiONATOGRAPHY. I. 
APPROACHES U T I L I Z I N G  HIGHLY COMPRESSSD BEDS, 

Donald 3 .  Net t le ton ,  Jr. 

Dept. of Medicinal Chemistry 
B r i s t o l  Labora tor ies  

p.0. Box 657 
Syracuse,  N.Y.  13201 

INTRODUCTION 

I n  j u s t  over a decade HPLC has  become an i n t e g r a l  p a r t  of a l -  

most every phase of chemistry,  l eav ing  out on ly  c e r t a i n  a r e a s  oi 
phys ica l  and t h e o r e t i c a l  chemistry and perhaps metallurgy-. 

t i o n  it has a t t r a c t e d  considerable a t t e n t i o n  from phys ica l  and phy- 

s i c a l  organic chemists with i n t e r e s t s  i n  sur face  and r e l a t e d  pheno- 

mena. 

I n  addi- 

High performance l i q u i d  chromatography (the, r e  is st i l l  some 

d issens ion  as t o  what word t h e  i n i t i a l  P does stand f o r )  began as 
an a n a l y t i c a l  t o o l ,  

with p repa ra t ive  needs. 

have cons i s t an t ly  outweighed t h e  nigh c o s t s  of equipment, mimicking 

t h e  experience o f  t h e  a n a l y t i c a l  chemists. 

a v a i l a b l e ,  o r  when commercial u n i t s  d i d  not s u f f i c e ,  home-made 

equipment has appeared. 

It rap id ly  a t t r a c t e d  t h e  a t t e n t i o n  of chemists 

The speed and e f f i c i e n c y  of t h i s  approach 

Where funds were not 

Severa l  exce l l en t  reviews of p repa ra t ive  LC 'have a l r eady  ap- 

peared i n  t h e  l i t e r a t u r e .  

(1) is as t imely  today as when it appeared f i v e  years ago. 

!ts wri t ing  sligh%?Ly preoeded prepara t ive  I& or, compressd beds,  

t h i s  review inc ludes  almost a l l  t h e  basic concepts needed t o  pursue 

t h a t  art. Today t h e  second ed i t i on  of Snyder and Ki rk land ' s  m- 

A two-part s e t  by DeStefano and Kirkland 
Although 
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142 NETTLETOS 

d u c t i o n  t o  Mcdern Liquid  Chromatography, a b a s i c  r e f e r e n c e  f o r  any-  

one involved i n  chromatography, i n c l u d e s  ;L l e n g t h y  c h a p t e r  on 

p r e p a r a t i v e  E ( 2 ,  c f .  pp 615-66:). 
The theory  involved  i n  p r e p a r a t i v e  LC is i fe l l  covered i n  t h e  , 

p u b l i c a t i o n s  c i t e d  above. 

a p p l i c a t i o n  of  t h e  a r t ,  b r i n g i n g  I n  t h e o r e t i c a l  c o n s i d e r a t i c n s  or.l:r 

where t h e y  a r e  p e r t i n a R t .  The c o n t e n t  will be d i r e c t e d  more t o  t k  

chemist  a t  t h e  bench f a c e d  w i t h  a s e p a r a t i o n  problem. 

I n  t h i s  review I shall c o n c e n t r a t ?  on t h e  

T h i s  review is d i v i d e d  i n t o  two p a r t s .  T h i s ,  t h e  f i r s t ,  w i l l  

d e a l  o n l y  wi th  t h a t  p o r t i o n  of  p r e p a t a t l v e  LC i n v o l v i n g  compressed 

beds, a t  least  t o  t h e  e x t e n t  t h a t  t h i s  c a n  be s e p a r a t e d  from c t h e r  

chromatographic  modes. I n  t he  second p a r t ,  t o  be publ i shed  later, 
I s h a l l  cover  t h e  t r o a d  and less well d e l i n e a t e d  domain encompassing 

t h e  rest  of t h i s  s u b j e c t .  

EQUIPMENT AND MTSRIALS 

Design of A v a i l a b l e  Apparatus  

C u r r e n t l y  two firms manufacture p r e p a r a t i v e  LC a p p a r a t u s  u s i n g  

compressed beds ,  I n s t r u m e n t s  SA, a French  based f irm, n a r k e t s  

s e v e r a l  u n i t s  under t h e  t r a d e  names of Chromatospac and Miniprep.  

I n  t h e  U. S. A .  t h e s e  u n i t s  a r e  s o l d  through t h e  firms J.-Y. ( f a r  

Jobin-Yvon) O p t i c d l  Systems D i v i s i o n  and r e f e r e n c e  will o c c a s i o n a l i y  

be  seen  t o  t h i s  o r  t o  J.-Y. I n d u s t r i e s .  However, o f f i c i a l l y  t h e  

company is l i s t e d  i n  d i r e c t o r i e s  and o t h e r  p u b l i c a t i o n s  under t h e  

f i r s t -c i ted  name. 

Waters A s s o c i a t e s  of M i l f o r d ,  Mass. ( r e c e n t l y  merged w i t h  t h e  

M i l l i p o r e  Corp.) manufactures  t h e  Prep  LC/System 500A ( P r e p  LC/Sys- 

tern 500 before m o d i f i c a t i o n s ) .  

pression S e p a r a t i o n  System (RCSS) which, whi le  sold as a n  a n a l y t i c a l  

un i t ,  t h e  R a d i a l  Compression Module (RCM) , has a t  least  s e m i - p r e p -  

ra t ive  p o t e n t i a l s .  

R e c e n t l y  it added the Iiadial Com- 

I n  a d d i t i o n  one home-made u n i t  has been d e s c r i b e d  ( 3 ) .  
The units from I n s t r u m e n t s  SA are des igned  t o  compress t h e  

column a x i a l l y  at i t s  ends (4, 5 ) .  T h i s  is achieved  by a p i s t o n  
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PREPARATIVE L I Q U I D  MROYATOGRAPHY. I. 14 3 

moving upward. i n  a c y l i n d r i c a l  chamber a g a i n s t  a s l u r r y  o f  t h e  

packing.  

be ing  l o c a t e d  i n  t h e  t o p  of t h e  p i s t o n .  

t h e  p i s t o n  sits on a t e l e s c c p i n g  s h a f t  and is moved by compressed 

i n e r t  gas a t  p r e s s u r e s  up t o  10 b a r .  I n  t h e  s m a l l e r  Miniprep i n i t  

an o i l - b a s e d  h y d r a u l i c  j a c k i n g  system d r i v e s  a s t r a i g h t - s h a f t  

p i s t o n ,  

Excess  s o l v e n t  p a s s e s  ou t  at both  ends ,  t h e  lower f r i t  

I n  t h e  ChromatosTac u i t s  

The Chromatospac w i l l  hold e i t h e r  of two compression sys tems 

wi th  one meter columns d i f f e r i n g  i n  d i a m e t e r ,  one 40 mm ( t h e  P r e p  

10 u n i t )  and t h e  o t h e r  80 min ( t h e  Prep  100 u n i t ) ,  

r a t e d  €or l o a d s  up t o  10 g and t h e  second t o  100 g. They a r e ,  of  

c o u r s e ,  i n t e r c h a n g e a b l e .  The Miniprep h a s  a h a l f  meter column, 

20 mm i n  d i a s e t e r  and r a t e d  f o r  l o a d s  up t o  one gram. I n  a l l  t h e s e  

u n i t s ,  t h e  a c t u a l  e f f e c t i v e  column h e i g h t  w i l l  be de te rmined  by t h e  

amount of packing used  w i t h i n  t h e  limits of t h e  p a r t i c u l a r  a p p a r s t u s  

I n s t r u m e n t s  SA w i l l  a l s o  p r o v i d e ,  upon s p e c i a l  o r d e r  and w i t h  a one 

year  d e l i v e r y  time, a l a r g e r  u n i t  r a t e d  f o r  l o a d s  of  up t o  2 kg. 

The first is 

The Chromatospac units i n c l u d e  two s o l v e n t  r e s e r v o i r s ,  one a n  

auxilia3xv 
chamber. 

mably could  be used t o  g e n e r a t e  some k i n d  o f  g r a d i e n t .  

wi thout  any s t i r r i n g  c a p a b i l i t y  t h i s  would be q u i t e  c rude .  

Miniprep h a s  two two-li ter s o l v e n t  r e s e r v o i r s  which can  be used t o  

g e n e r a t e  a s t e p  g r a d i e n t .  

i n j e c t o r  system. Tn a l l  t h e  units s o l v e n t  f l o w  is c o n t r o l l e d  by 

compressed i n e r t  gas. The mul t i -va lve  system used t o  d i r e c t  t h e  

various s t a g e s  of chromatography is e a s i l y  and s imply c o r , t r o l l e d  

on a f r o n t  pane l .  

t h e  u s e r .  

of  10 l i ters c a p a c i t y  each p l u s  a h a l f  l i t e r  sample 

The auxiliaxy chamber f l o w s  i n t o  t h e  main one and presu-  

However, 

The 

Sample is i n t r o d u c e d  through a l o o p  

D e t e c t o r s  and c o l l e c t i o n  d e v i c e s  a r e  s u p p l i e d  by 

Waters  A s s o c i a t e s '  P r e p  LC/System 500 (or 500A as t h e  newer, 

somewhat modif ied n o d c l s  axe n m e d )  u t i l i z e s  prepackaged columns 

u d e r  radial compression. I n  t h i s  somewhat more complex a p p a r a t u s  

t h e  pumping sys tem,  a r e f r a c t i v e  index d e t e c t o r  wi th  r e q o r d e r ,  and 

c o n t r o l s  are housed i n  one u n i t .  Columns and a n  i n j e c t i o n  p o r t  a r e  

c o n t a i n e d  i n  a s e p a r a t e  compression chamber assembly i n t e r l o c k e d  t o  
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144 NETTLETGN 

t h e  main unit. Because or' its appearance t h e  l a t t e r  is o f t e n  re -  

f e r r e d  t o  as t h e  towers .  S o l v e n t  r e s e r v o i r s  a r e  e x t e r n a l  and sup-  

p l i e d  by t h e  u s e r  (6). 
The towers  c o n s i s t  of two chambers which a c c e p t  o n l y  ' d a t e r s '  

PrepPAK 500 c a r t r i d g e s ,  These are polye thylene  c y l i n d e r s ,  30 ~ r n  i n  
h e i g h t  by 5.7 cm d i a m e t e r ,  packed wi th  s i l i c a  o r  o c t a d e c y l  s i l y l  

bonded s i l i c a ,  They hold  some 325 g of t h e  former.  The w a l l  of .c!le 

c a r t r i d g e  e x t e n d s  i n  a modif ied form a b o u t  1 .5  em beyond t h e  frits 

bn b o t h  ends and seats t i g h t l y  i n t o  polye thylene  f e r r u l e s .  Because 

of t h e  stress induced on t h e  ferrules by t h e  h i g h  p r e s s u r e s  i n v o l v e d ,  

t h e s e  should  be r e p l a c e d  about  e v e r y  t e n  column chacges.  

Purge columns a r e  a v a i l a b l e  t o  fill t h e  second chamber when it 

is by-passed o r  bo th  chambers when t h e  system i s  b e i n g  f l u s h e d .  

system should  never  be put  under compression w i t h  a n  empty chamber 

due  t o  p o s s i b l e  damage t o  t h e  f i t t i n g s .  

The 

A d d i t i o n a l  s e t s  of towers  des igned  t o  be used o n l y  as s l a v e s  t o  

t h e  first a r e  a v a i l a b l e  a t  somewhat lower c o s t .  These s e r v e  t o  i n -  

crease t o t a l  column c a p a b i l i t y .  

independant  uni t  modif ied so that it may be used o p x i o n a l l y  as a 

s l a v e ,  T h i s  p r o v i d e s  t h e  advantage that columns one wishes t o  r e u s e  

may be s t o r e d  wi thout  removing them from t h e  chanbers .  

decompression t h e  seals are o f t e n  d i f f i c u l t  t o  break and n o t  i n f r e -  

q u e n t l y  a column frit w i l l  be d i s l o d g e d .  

A l t e r n a t i v e l y  one c a n  buy a fully 

Even a f t e r  

I n  t h e  main u n i t  a r a t h e r  complex mechanical pumping system 

d e l i v e r s  s o l v e n t  a t  f lows  of 50 - 500 ml/min, s e l e c t e d  i n  50 m l  

increments .  

one i n c h  d iameter  stainless s t e e l  column, one f o o t  i n  l e n g t h ,  t o  be 
a t t a c h e d  e i t h e r  as a precolumn o r  as a n  a l t e r n a t i v e  semi-prepara t ive  

C o l ~ n n .  It c a n  a l s o  be modif ied t o  d e l i v e r  s o l v e n t  a t  flows f rom 

0 - 50 ml/min. A but ton  on t h e  c o n t r o l  pane l  a c t i v a t e s  a s e l f -  

pr iming  f e a t u r e  i n  the  pumping system t o  i n i t i a t e  s o l v e n t  flow. 

The new System 5OOA modif ied u n i t  has f i t t i n g s  a l l o w i n g  

Two s o l v e n t  i n p u t  l i n e s  a r e  provided  t o  a l l o w  use of a n  a u x i l -  

i a r y  r e s e r v o i r  o r  changeover t o  a n o t h e r  system wi thout  s t o p p i n g  s h e  

f low.  

each capable  of d i v e r t i n g  1 - 2% of the  f low.  

Column e f f l u e n t  passes first through two s t r e a m  s p l i t t e r s ,  

One leads t o  t h e  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I. 145 

b u i l t - i n  r e f r a c t o m e t e r  whi le  t h e  o t h e r  is a v a i l a b l e  f o r  a n  o p t i o n a l  

e x t e r n a l  d e t e c t o r .  Next a three-way s w i t c h  a l l o w s  t h e  o p e r a t o r  t h e  

o p t i o n s  of sending  e f f l u e n t  t o  w a s t e ,  t o  be c o l l e c t e d ,  o r  khck t o  

the columns i n  a r e c y c l e  mode. I n  t h e  c o l l e c t  mode f l o w  may be 

swi tched  t o  e i t h e r  of  two l i n e s  t o  f ac i l i t a t e  t h e  t a k i n g  o f  f r a c -  

t i o n s .  Upon s w i t c h i n g  a n  a i r  purge blows t r a p p e d  l i q u i d  from t h e  

l i n e  j u s t  vaca ted  t o  minimize contaminat ion .  

I n t e r l o c k s  between towers  and t h e  s o l v e n t  d e l i v e r y  system 

provide  s a f e t y  f e a t u r e s .  

r a d i a l  compression has  been completed and the  columns are  comple te ly  

sealed i n  p lace .  During a r n n  t h e  system w i l l  s h u t  o f f  i f  the back 

p r e s s u r e  goes h i g h e r  t h a n  14 aim belon the  radial compression p r e s -  

s u r e ,  u s u a l l y  arour?d 25 atm. The unit  can  be r e s t a r t e d  by p r e s s i n g  

a b u t t o n ,  b u t  it H i l l  cont inue  t o  k i c k  o u t  u n l e s s  s t e p s  are t a k e n  t o  

prevent  t h e  back p r e s s u r e  r ise from r e c u r r i n g .  

?he pump can n o t  be  s t a r t e d  u n t i l  t h e  

R e c e n t l y  Waters A s s o c i a t e s  marketed t h e i r  R a d i a l  Compression 

S e p a r a t i o n  System (RCSS) ( 7 ,  8). Although o s t e n s i b l y  i n t e n d e d  f o r  

a n a l y t i c a l  work, t h e  RCSS does  have semi-prepara t ive  p o t e n t i a l s .  

The Radial Compression Module (RCM) is a s imple  d e v i c e  w i t h  a s i n g l e  

chamber hold ing  a I0 cm by 13 ;RIP. OD polye thylene  cartridge. 

compression is provided  by h y d r a u l i c  p r e s s u r e  u s i n g  g l y c e r i n e  as t h e  

f l u i d ,  

t h e s e  b e i n g  e a s i l y  manipulated by hand. 

o f  8 nun. 

Radial 

P r e s s u r e  is b u i l t  up i n  stages by d e p r e s s i o n  of  three l e v e r s ,  

The c a r t r i d g e s  have a n  I D  

C a r t r i d g e s  may be exchanged i n  about  a minute wi thout  d e t a c h i n g  

t h e  module from t h e  HPLC system. O r i g i n a i l y  o n l y  s i l i c a  and ODS 

s i l ica  were provided  i n  t h e  c a r t r i d g e s ,  bu t  by e a r l y  1981 Waters 

e x p e c t s  t o  supply  a l l  o f  i ts  a n a l y t i c a l  column p c k i n g s  i n  t h i s  

form. 

cated t o  a s p e c i f i c  s e p a r a t i o n .  

Used columns may be s t o r e d  which means that t h e y  may be d e d i -  

As noted above two French  i n v e s t i g a t o r s  hove d e s c r i b e d  a home- 

made p r e p a r a t i v e  LC unit u t i l i z i n g  a compressed bed ( 3 ) .  
r a t u s  resembles  t h e  Chromatospac and Miniprep u n i t s  i n  some ways. 

A p i s t o n ,  pneumat ica l ly  dYiven by e x t e r n a l  compressed gas p r e s s u r e ,  

a x i a l l y  compresses t h e  bed a t  1 - 8 bar. The column, prepared  from 

T h i s  appa-  
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146 NETTLETON 

70 cm length  of s t a i n l e s s  s t e e l  tub ing  with a 32 mm O.D., has an 
I . D .  of 18 nun and a capac i ty  f o r  50 g s i l i c a .  

has a 4 l i t e r  capc i ty .  An a u x i l i a r y  r e se rvo i r  ava i l ab le  t o  provide 

a n  exponential gradient is shown i n  a diagram but not discussed i n  

the  t e x t .  

bly a l a r g e r  model could be b u i l t  based on its design. 

The so lvent  r e se rvo i r  

The load capacity is r a t ed  a t  50 mg maximum, t u t  presuma- 

I n  comparing t h e  commercial models, t h e  equipment from I n s t r u -  

ments SA appears t o  have c e r t a i n  advantages. It i s  c e r t a i n l y  s i m -  

p l e r  i n  design, e spec ia l ly  i n  view of t h e  so lvent  de l ive ry  systems 

used. Flow r a t e  is changed by a l t e r i n g  the  pumps s t roke  r a t h e r  than 
its r a t e ,  for which a complex arrangement o f  gears  and o ther  moving 

p a r t s  is  needed, i n  t h e  Prep LC/System 500. 

grea ter  po ten t i a l  f o r  maintenance problems. 

This  g ives  the  l a t t e r  a 

As mentioned above t h e  Waters towers a r e  o f t en  d i f f i c u l t  t o  

open a f t e r  compression, a f a i r  amount of  muscle being needed t o  

break t h e  s e a l  even though t h e  system is decompressed. 

modification i n  t h e  PrepPAK frits a few years ago, column loss was 

common. With the  new frits, t h e  columns are more durable .  However 

t h e  manufacturer still recommends keeping them under t o t a l  compres- 

s ion  i f  poss ib le ,  otherwise i n  t h e  towers with t h e  seals i n t a c t .  

Before a 

Since sample in j ec t ion  a t  t h e  por t  i n  t h e  base of t h e  towers 

r equ i r e s  displacement of Its t o t a l  volume through t h e  e n t i r e  column 

system, one may have t o  work aga ins t  considerable back pressure.  

t h e  sample is viscous o r  j u s t  occupies a l a r g e  volume, even gas- 

t i g h t  syr inges  may start l eak ing  back through t h e  plunger where the  

operator is s t rong  enough t o  f o r c e  t h e  i s sue .  An a l t e r n a t i v e  is  t o  

pump t h e  sample on t o  t h e  columns through one of t h e  two so lvent  

input l i n e s .  Th i s  usually works but may l e a d  t o  o ther  problems. 

t h e  company's technica l  staff warns i n  its Prep I& school s e s s ions ,  
some so lu t e s  may p r e c i p i t a t e  under compression In t h e  pump, especi-  

a l l y  from more concentrated so lu t ions .  This can damage t h e  pumping 

system. 

If 

As 

On the  o ther  hand t h e  Chromatospac and Miniprep units l ack  

r ecyc le  capab i l i t y .  

e f f i c i enc ie s  of t h e i r  u n i t s  make t h i s  f e a t u r e  unnecessary, but t h e  

Company r ep resen ta t ives  argue that t h e  g r e a t e r  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I. 14 7 

comparisons c i t e d  a r e  not t o t a l l y  convincing. 

i s  t h a t  Waters U S Q ~  r e l a t i v e l y  poor grade of s i l i c a  (as w i l l  be 

d iscussed  i n  more d e t a i l  i n  t h e  next s e c t i o n ) ,  while u se r s  of t h e  

Ins t ruments  SA u n i t s ,  >with t h e  opt ion  of choosing t h e i r  own packings,  

a r e  l i k e l y  t o  pick b e t t e r  grades .  

t o  t h e  packing q u a l i t y  than  t o  design of t h e  ins t rument .  

t h e r e  axe always occasions when r ecyc le  is  usefu l .  

One key cons ide ra t ion  

The d i f f e r e n c e s  may be due more 

Regardless, 

I n  working wi th  t h e  Instruments SA u n i t s ,  one may op t  t o  s t o p  

e l u t i o n  when t h e  column is p a r t l y  developed and use t h e  p i s t o n  t o  

extrude it from the  chamber. I n  t h i s  mode f r a c t i o n s  may be s l i c e d  

out i n  t h e  same way as i n  d r y  column chromatography. 

I n  part t h e  advantage Waters Assoc ia tes  have enjoyed, paz t icu-  

l a r l y  i n  t h e  U. S. A . ,  i s  a measure of t h e  presence and scope of 

t h i s  company's p ioneer ing  e f f o r t s  and output.  This  d i v e r s i t y  has 

a l s o  l e d  them t o  p lace  a l a r g e  number of  t echn ica l  s p e c i a l i s t s  i n  

t h e  f i e l d  g iv ing  them a d d i t i o n a l  exposure. 
ments SA's only  e n t r i e s  i n  t h e  LC a r e a  a r e  t h e  u n i t s  d i scussed  
above. 

On t h e  o t h e r  hand I n s t r u -  

Column Packina j  

At present  on ly  s i l i c a  and o c t a d e c y l s i l y l  (ODS) bonded s i l i c a  

a r e  a v a i l a b l e  i n  t h e  PrepPAK c a r t r i d g e s .  

o f f e red  i n  t h e  c a r t r i d g e s  f o r  t h e  RCM u n i t s ,  and by e a r l y  1981 
Waters expects t o  have a l l  t h e  packings t h e y  maxket,except those  

which can not be used under mechanical compression, a v a i l a b l e  i n  
t h i s  mode. It may be of i n t e r e s t  t o  note  that a s i n g l e  PrepPAK 

c a r t r i d g e  holds only  325 g of s i l i c a .  

A somewhat wider range is 

One problem wi th  t h e  l a t t e r  has been t h e  q u a l i t y  of t h e  s i l i c a  

used, namely W. R .  Grace ' s  chromatographic grade bulk .  Th i s  i s  a 
low c o s t  product wi th  a number of impur i t i e s  and heavy metal con- 

taminants ,  e s p e c i a l l y  i r o n ,  These w i l l  not CLUSe problems i n  a l l  
cases ,  o r  with l a r g e r  l oads  t h e  problems may not be a p p Y e n t .  

small samples t h e s e  problems can be seve re .  Formation o f  c h e l a t e s  

which may e i t h e r  contaminate product o r  i r r e v e r s i b l y  adsorb and 

c a t a l y s i s  of degreda t ion  a r e  t h e  more Common of  these .  

With 

Inc iden-  
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148 NETTLETON 

t a l l y  Waters A s s o c i a t e s  does  c l e a n  t h e  s i l i ca  used f o r  t h e i r  C - 1 8  

PrepPAXs b e f o r e  t h e  bonding process .  

F o r  t h e  user o f  u n i t s  accomodat ing a n y  packing ,  t h e r e  is a 
large and e x c e l l e n t  choice .  

high q u a l i t y  a v a i l a b l e  at  r e a s o n a b l e  p r i c e s ,  bu t  a number of bu lk  

packings are a l s o  b e i n g  produced now. 

t h e r e  is l i t t l e  p o i n t  i n  t h e  i n d i v i d u a l  u s e r  buying cheaper  g r a d e s .  

C l e a n i n g  them up w i t h  hot  6 N HC1,  washing and r e a c t i v a t i o n  cos t  

more i n  terms o f  l a b o r  t h a n  t h e  p r i c e  d i f f e r e n t i a l .  And w i t h  o v e r -  

l oad ,  very  l i t t l e  adsorbant  is  used compared t o  t h e  amounts needed 

in classical open columns. 

Not o n l y  a re  normal phase packings of  

Under t h e s e  c i r c u m s t a n c e s  

Cons iderably  more w i l l  be s a i d  about  packings i n  a l a t e r  s e c -  

t i o n  where a number of  examples w i l l  be p r e s e n t e d .  

S o l v e n t  C o n s i d e r a t i o n s  

There is r e a l l y  l i t t l e  t o  s a y  on t h i s  s u b j e c t .  I n  a n  e a r l y  

paper  d e s c r i b i n g  use of  t h e  P r e p  500, workers  at Waters used d i s -  

t i l l e d  i n  glass s o l v e n t s  from Burdick and Jackson (9) .  
t h e  volumes u s e d ,  mast i n v e s t i g a t o r s  p r e f e r  t o  work w i t h  less 

expensive s o l v e n t s .  These do q u i t e  well. They s h o u l d  be o f  a good 

grade and f ree  of particulates, but  g e n e r a l l y  one d o e s  not  need t h e  

q u a l i t y  r e q u i r e d  fo r  a n a l y t i c a l  work, 

Because o f  

Because of t h e  volumes i n v o l v e d ,  cer ta in  h i g h  hazard l i q u i d s  

such  as e t h e r  s h o u l d  be used w i t h  extreme c a u t i o n  i f  at  al l .  A l s o ,  

while a l l  t h e s e  u n i t s  do c o n f i n e  t h e  streams q u i t e  w e l l ,  t h e r e  

s t i l l  may be exposure t o  fumes, e s p e c i a l l y  a t  t h e  c o l l e c t i o n  p o i n t .  

Appropr ia te  p r e c a u t i o n s  should  be t a k e n  w i t h  t o x i c  s o l v e n t s .  I n  

p a r t i c u l a r  workers  should  keep c u r r e n t  r e g u l a t i o n s  on s u b s t a n c e s  

such  as chloroform or benzene i n  mind. 

D e t e c t o r s  

Only t h e  P r e p  LC/Systern 500 (and 5OOA) has a b u i l t - i n  d e t e c t o r .  

T h i s  is a low s e n s i t i v i t y  d i f f e r e n t i a l  r e f r a c t o m e t e r  w i t h  a large 

a t t e n u a t i o n  range.  However, t h e  extra stream s p l i t t e r  a l l o w s  use  of 
a n  a d d i t i o n a l  d e t e c t o r .  
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PREPARATIVE L I Q U I D  CHROMATOGRAPHY. I. 149 

For small loads  workers have usua l ly  been a b l e  t o  use t h e  same 

d e t e c t o r s  employed f o r  a n a l y t i c a l  work. 

wide a t t enua t ion  ranges and can be kept on s c a l e  f o r  f a i r  amounts of 

ma te r i a l .  Un t i l  r e c e n t l y ,  however, t h e r e  have been f e w , i f  any ,  

d e t e c t o r s  capable of handling t h e  high concent ra t ions  a s soc ia t ed  

with t h e  l a r g e r  l oads .  

Yany of t h e s e  have q u i t e  

Godbille and Ijevaux used a Gilson Spectrochem M v a r i a b l e  wave 

l eng th  d e t e c t o r  having an  80p1 c e l l .  

a t t enua t ion  t h i s  monitor can accomodate l a r g e r  l oads ,  although 

with a 50 mg load  l i m i t  t o  t h e i r  homemade u n i t  a number o f  de tac-  
t o r s  probably would do as wel l ,  

Chemicals i n  t h e  U. S. A . )  employed a uniquely designed l i g h t  source  

t o  maximize both a n a l y t i c a l  and p repa ra t ive  c a p a b i l i t i e s .  

cury  lamp is banana shaped t o  enable l i g h t  from it t o  pas s  through 

both t h e  1,ength and width of a qua r t z  c e l l  20 mm and 1 mm respec-  

t i v e l y  i n  these  dimensions. 

r e spec t ive ly  f o r  a n a l y t i c a l  and p repa ra t ive  use. 

254 nm or 280 nm c a p a b i l i t y ,  and the  a l t e r n a t e  path l e n g t h s  can be 

used t o  read  both simultaneously.  

With a higher upper l i m i t  i n  

Pharmacia, L td .  (Pharmacia F ine  

The mer- 

These two pa th  l eng ths  a r e  a t t e n u a t e d  

F i l t e r s  provide 

Today, UV and v i s i b l e  adsorp t ion  d e t e c t o r s  designed s p e c i f i -  

c a l l y  f o r  p repa ra t ive  work a r e  appear ing  on t h e  marke t .  

c e r t a i n  l i m i t s  t h e s e  can be used i n  l i n e .  However, t h e  l a r g e r  flow 

r a t e s  s t i l l  r e q u i r e  a stream s p l i t t e r ,  

Within 

So far d e t e c t o r s  using p r o p e r t i e s  o the r  than r e f r a c t i v e  inCex 

and UV/visible adsorp t ion  have had l i t t l e  i f  any a p p l i c a t i o n  i n  

p repa ra t ive  IC. Some, no doubt,  w i l l  prove use fu l  i n  t h e  f u t u r e .  

Cur ren t ly  they  s t i l l  have problems enough i n  a n a l y t i c a l  WLC. 

Addi t iona l  Options 

There is l i t t l e  that one can add p r e s e n t l y  t o  compressed bed 

p repa ra t ive  LC u n i t s  i n  t h e  market. 

equipment t h e  u n i t s  a r e  f a i r l y  sim?le and q u i t e  easy t o  run, 
also a r e  equa l ly  fast .  

language anyone can use may reach  t o  t h e  p repa ra t ive  a r e a .  

Compared t o  a n a l y t i c a l  HPLC 

They 

Eventua l ly  t h e  g e a t  ongoing boom i n  microprocessors with 
On a 
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150 NETTLETON 

l o g i s t i c a l  basis, however, o t h e r  f e a t u r e s  w i l l  have t o  be added 

before  it w i l l  t a k e  less time t o  program a l a r g e  s c a l e  run t h a n  

t o  s imply  do it manually. 

OPERATION 

T h e o r e t i c a l  Aspec ts  of  HiRh Compression and Overload 

I n  t h e  e r a  of open columns and classical chromatography, many 

r e s e a r c h e r s  recognized  that smaller and more uniform particles 

w i t h  greater surface areas would a f f o r d  improved s e p a r a t i o n s .  

T h i s  led i n t o  t h e  p r e s e n t  era of HPLC and modern chromatography. 

N e w  t y p e s  of equipment ,  needed t o  cope w i t h  t h e  h i g h e r  back p r e s -  

sures produced by smaller p a r t i c l e s ,  fo l lowed.  Methods t o  f u r t h e r  

i n c r e a s e  t h e  e f f e c t i v e  s u r f a c e  areas of  a d s o r b a n t s  by i n c r e a s i n g  

p o r o s i t y  were deve loped ,  S p h e r i c a l  p a r t i c l e s ,  l o n g  recognized  as 
having  s u p e r i o r  packing  p r o p e r t i e s ,  are i n c r e a s i n g l y  a v a i l a b l e .  

Improved c l a s s i f i c a t i o n  methods a r e  p r o v i d i n g  packings wi th  more 

uniform p a r t i c l e  s izes .  All of  t h i s  p r o g r e s s  h a s  l e d  t o  columns 
with g r e a t l y  improved e f f i c i e n c i e s .  

I n  a n a l y t i c a l  a p p l i c a t i o n s  t h e  basic concepts  of  c l a s s i c a l  

chromatography have s t i l l  p r e v a i l e d ,  p a r t i c u l a r l y  t h o s e  concern ing  

l o a d  f a c t o r s  aad column h e i g h t  t o  d i a m e t e r  r a t i o s .  O r i g i n a l l y  

r e s e a r c h e r s  d o i n g  p r e p a r a t i v e  LC t r ied t o  s t a y  w i t h i n  t h e  l i m i t s  

set by t h e s e  concepts ,  F o r t u n a t e l y  they  soon found t h i s  was not  

necessary .  C e r t a i n l y  a balance m u s t  s t l l l  be maintained between 

r e s o l u t i o n ,  speed  and c a p a c i t y  as s a p h l c a l l y  p o r t r a y e d  by DeSte- 
phnno and X i r k l a n d  (1) in t h e i r  now well-known t r i a n g l e .  

d e s i g n  shows each one of t h e s e  q u a l i t i e s  a t  a n  apex o f  t h e  t r i a n g l e ,  

conveying t h e  message t h a t  a n y  one may be i n c r e a s e d  o n l y  a t  t h e  

expense of one or  both of t h e  o t h e r s ,  B u t  it was soon found that 

modern packings and columns had r e s o l u t i o n  t o  spare from a p r e p -  

r a t i v e  p o i n t  o f  view, 

less maintain the same s p e e d ,  and s t i l l  get q u i t e  a c c e p t a b l e  s e p a -  

rat I o n s ,  

T h i s  

One could  I n c r e a s e  l o a d s  g r e a t l y ,  more o r  

The l o s s  o f  r e s o l u t i o n ,  c o n t r a r y  t o  u h a t  might have been p r e -  

dicted, is not  d i r e c t l y  p r o p o r t i o n a l  t o  i n c r e a s e s  i n  l o a d .  R a t h e r  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I. 151 

it seems t o  OCCUT t o  a s i g n i f i c a n t l y  l e s s e r  degree. 

explained by consideration of t h e  chemical in f luences  a r i s i n g  from 

t h e  immediacy of sur face  contac t .  

become es t ab l i shed  on the  sur face  a r e  g r e a t l y  enhanced. 

l ibria themselves a r e  important f ea tu re s  of t h e  competition by 

s o l u t e  components and solvent modifiers f o r  ava i l ab le  s i t e s .  I n  

normal phase systems t h e  chemistry of  this process involves polar  

i n t e r a c t i o n s ,  p r imar i ly  through hydrogen bonding. I n  r eve r se  phase 

systems it is main ly  lypophi l ic  i n  na ture  although some polar  

i n t e r a c t i o n s  may s t i l l  be found. 

Th i s  can be 

The r a t e s  a t  which e q u i l i b r i a  

The equi- 

Overload works i n  modern prepara t ive  LC, where it f a i l e d  i n  

c l a s s i c a l  chromatography, because of t h e  r a p i d i t y  with which these  

e q u i l i b r i a  a r e  es tab l i shed  a t  each s tage  of a chromatogram. 

more i n t e r a c t i v e  spec ies  can compete success fu l ly  f o r  s i t e s  be" Lore 

they a r e  swept past them. 

e f f e c t .  

a huge majority o f  t h e  s v a i l a b l e  sites. 

components ahead i n  a cascade u n t i l  i ts concentration drops t o  a 

l e v e l  where o ther  spec ies  can compete o r  u n t i l  t h e  whole mixture 

is d i l u t e d  enough fo r  t h e  overload t o  disappear.  

a column could be loaded with t h a t  amount of  sample that contained 

t h e  des i r ed  components and any o the r s  that a r e  more i n t e r a c t i v e  

with t h e  sur face  i n  molar amounts equivalent t o  t h e  a c t u a l  number 

of sites on t h e  sur face .  Waters has ca l cu la t ed  t h a t  one of its 
s i l i c a  PrepPAKs ( 3 5  g of s i l i c a )  contains roughly one mole of  

sites. 

The 

This  l eads  t o  what some c a l l  t h e  cascade 

A more r eac t ive  component a t  equilibrium is a b l e  t o  occupy 

It l i t e r a l l y  shoves o the r  

Theore t i ca l ly  

C lea r ly  t h i s  g e t s  far beyond any p r a c t i c a l  l e v e l s .  

There are many types  of equilibrium In te rac t ions  which may 

occul on c o l m s ,  not a l l  of which a r e  b e n e f i c i a L a s  w i l l  be d i s -  
cussed l a t e r  with regard  t o  examples given f o r  s i l i c a .  I n  add i t ion  

t o  t h e  d i f fe rences  i n  chemistry of various s o l u t e  components, s i t e s  

on the  packing may d i f f e r  i n  t h e i r  chemistry as well. Th i s  is  

more common with normal phase packings such as s i l i c a ,  one of t h e  

benef i t s  of r eve r se  phase packings being t h e i r  general  chemical uni- 

formity.  Problems with t h e  l a t t e r  usually a r i s e  from poor or incom- 

p l e t e  coverage whereby s i l a n o l  s i t e s  a r e  l e f t  i n  accessablc  pos i t i ons .  
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152 NETTLETON 

The chemist  c o n t r o l s  t h e  t h i r d  parameter ,  namely t h e  l e v e l s  

of m o d i f i e r s  in t h e  s o l v e n t  sys tem.  For normal phase sys tems t h e s e  

are g e n e r a l l y  more p o l a r  s u b s t a n c e s  and f o r  r e v e r s e  phase l ess  

polar ones.  

f o r  s i t e s  on t h e  column, t h e y  are used t o  adjust t h e  d e g r e e  of 

r e t e n t i o n  and hence t h e  speed w i t h  which t h e  column w 
However, as a n  a l t e r n a t i v e ,  one may choose t o  start w i t h  l i t t l e  o r  

no modi f ie r  i n  o r d e r  t o  encourage as much a d s o r p t i o n  as p o s s i b l e  

a t  t h e  start. 
t h e  components are encouraged t o  e l u t e  i n  i n c r e a s i n g  o r d e r  o f  

p o l a r i t y .  

f i e d  on t h e  column, c u e  should  be t a k e n  n o t  t o  push t h i s  s t e p  

g a d i e n t ,  o r  some may become recombined. 

Because t h e s e  compete i n  t h e  e q u i l i b r i u m  c o m p e t i t i o n  

develop.  

Then by i n c r e a s i n g  t h e  m o d i f i e r  c o n t e n t  in stages, 

S i n c e  t h e s e  w i l l  presumably a l r e a d y  be somewhat c lass i -  

One of t h e  e a r l y  problems i n  p r e p a r a t i v e  ZC was i n  s c a l i n g  up 

for  large l o a d s .  The h i g h l y  e f f i c i e n t  small p a r t i c l e s  produced 

imposs ib ly  h i g h  back p r e s s u r e s  i n  l a r g e r  columns. 

particles worked, bu t  were n o t  as e f f i c i e n t .  Compression of t h e  

bed h a s  n o t  o n l y  so lved  t h i s  bu t  a l s o  has a l lowed p i c k i n g s  f o r m e r l y  

u s a b l e  o n l y  in classical open colunm t o  be u t i l i z e d  w i t h  LC effi- 
c iency .  Under compression void  space  is enormously d e c r e a s e d .  The 

r a t io  of surface t o  e x t e r n a l  s o l v e n t  a t  each  stage o f  t h e  column is 

i n c r e a s e d  by o r d e r s  of magnitude. 

w i t h  an o r d i n a r y  packing approaching  t h e  e f f i c i e n c y  of  HPLC. 

Somewhat l a r g e r  

The r e s u l t  is a column f i l l e d  

Desiw of Systems from Analytical HPLC o r  TLC Data 
Almost any c b o m a t o g a p h i c  model c a n  be used t o  p r e d i c t  a 

Of ten  a great d e a l  o f  c h r o m a t o p a p h i c  data p r e p a r a t i v e  system. 

may have been compiled about  a mixture by t h e  time one  d e c i d e s  t o  

t r y  p r e p a r a t i v e  LC. 

f a v o r e d  modes f o r  systems s e a r c h i n g .  Normally t r a n s l a t i o n  is a 
l i t t l e  e a s i e r  f rom HPLC data, b u t  TLC is used q u i t e  s u c c e s s f u l l y  

where t h i s  is n o t  a v a i l a b l e .  

Because o f  t he i r  s p e e d ,  HYLC and TLC are 

S o l u b i l i t y  is  an impor tan t  c o n s i d e r a t i o n  f o r  any  p r e p a r a t i v e  

LC system, 

I t  o f t e n  h e l p s  t o  e x p l o r e  sys tems i n  which t h e  mixture  shows good 

Commonly c o n c e n t r a t i o n s  of 10 mg/ml and up a r e  d e s i r e d .  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I. 15 3 

s o l u b i l i t y  c h a r a c t e r i s t i c s  f irst .  

e f f e c t  modifiers may have i n  improving s o l u b i l i t y .  

a b l e  t o  d i s so lve  t h e  sample i n  t h e  modifier and d i l u t e  out  with 

c a r r i e r .  

t i o n  should not g r e a t l y  exceed t h a t  i n  t h e  running system, o r  t h e  

sample may be swept too  far  through t h e  column and t h e  sepa ra t ion  

destroyed. 

parameter is pH i n  t h e  range roughly of 3 - 8. 

Another approach is t o  s tudy  t h e  

One may even be 

However, t h e  l e v e l  of modifier i n  t h e  f i n a l  charge so lu -  

For ion iz ing  spec ie s  i n  r eve r se  phase systems, another  

Even with a g rea t  dea l  of d a t a ,  some f i n e  tun ing  of a system 

is almost always needed. 

t h e  r e t e n t i o n s  and TLC is a fast way t o  explore t h i s .  

s l i d e s ,  10 x 2 . 5  cm, i n  four  ounce wide mouth b o t t l e s  (sometimes 

c a l l e d  Kerr b o t t l e s ) ,  a g rea t  many v a r i a n t s  may be explored i n  a 

s h o r t  time. The bes t  of t h e s e  can then  be checked on HPLC. I n  a l l  

cases  t h e  system chosen should show sepa ra t ion  without t a i l i n g  o r  
s t r e a k i n g  on t h e  a n a l y t i c a l  model. 

I n  p a r t i c u l a r  one will t r y  t o  optimize 

Using micro- 

Two parameters,  ca l cu la t ed  from observed r e t e n t i o n s ,  a r e  used 

t o  p r e d i c t  behavior i n  a prepara t ive  system. 

f a c t o r ,  k', ca lcu la t ed  by equation 1 where k is t h e  observed r e t en -  

t i o n  from t h e  poin t  of i n j e c t i o n  and ko  t h e  void ca l cu la t ed  from 

t h e  same poin t .  Any u n i t s ,  time e lapsed ,  volume, o r  even squares  

on t h e  c h a r t  paper may be used provided t h e y  are c o n s i s t a n t  s i n c e  
they  cancel out i n  t h e  equat ion .  A second parameter is t h e  s e l e c -  

t i v i t y  f a c t o r ,  w1,2, ca lcu la t ed  from t h e  capac i ty  f a c t o r s  as shown 

i n  equation 2 .  
t i v e  system, t h e r e  is a t h i r d  important parameter.  t h e  r e s o l u t i o n  

One is t h e  capac i ty  

Although not used d i r e c t l y  i n  des igning  a prepara- 

ca l cu la t ed  as shown i n  equation 3 .  Because t h e  first two 

parameters a r e  based only  on p o s i t i o n a l  a s p e c t s  and do not t ake  

i n t o  account such adverse e f f e c t s  as band spread  and t a i l i n ~ ; ,  it is 
extremely important t o  cons ider  r e so lu t ion .  If it is not  g o d  on 

t h e  a n a l y t i c a l  model, i t  c e r t a i n l y  is not l i k e l y  t o  get b o t t e r  i n  

t h e  p repa ta t ive  system. Note that both t h e  s e l e c t i v i t y  f a c t o r  and 

r e so lu t ion  a.re always ca l cu la t ed  f o r  two components. 

R1,2' 
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154 NETTLETON 

EQUATION 3 

I n  equation 9 ,  w is t h e  band, or  peak, width a t  the  base. 

Note t h a t  k i n  t h i s  expression is t h e  a c t u a l  r e t e n t i o n  of  t h e  com- 

ponent. 
t o  Rf values i n  TLC, 

modifier needed i n  t h e  system. 

rial w i l l  e l u t e  t oo  quickly and before t h e r e  has been time f o r  any 

reso lu t ion .  If too  high, components w i l l  e l u t e  much too  slowly and 

w i l l  a l s o  show considerable t a i l i n g  with poor r e s u l t s .  There is 

some question as t o  where the  idea l  value of k '  should be f o r  a 

prepara t ive  system, or even haw well it translates t o  an overloaded 

column (2) .  
it be grea te r  than  5 unless recyc le  was t o  be used. 

however, k '  values i n  t h e  range 1 - 5 have been preferred.  

Also note  that the  r e t en t ion  f a c t o r  is  t h e  HPLC analogue 

Retention f a c t o r s  a r e  used mainly t o  determine t h e  l e v e l  of 

If they  a r e  too low i n  va lue ,  mate- 

DeStephano and Kirkland (1) I n  1975 reccommended 'that 

More r e c e n t l y ,  

The s e l e c t i v i t y  f a c t o r  is important i n  determining how d i f f i -  

cult a separa t ion  I s  l i k e l y  t o  be and whether r ecyc le  should be 

used. I f  its value is one, obviously t h e r e  is no separa t ion .  For 
very low va lues ,  1.10 or l e s s ,  t he  separa t ion  w i l l  be very d i f f i c u l t  
and upper load l i m i t s  w i l l  be small. I n  t h i s  range one should con- '  

s l d e r  ad jus t ing  t h e  system f o r  a b e t t e r  s e p a r a b i l i t y .  

1.20 o r  perhaps a b i t  h igher ,  recyc le  may be he lpfu l .  

t h e  separa t ion  should be p r e t t y  smooth. 

f a c t o r  is above 2 ,  t h i s  may mean one should decrease t h e  r e t en t ion  

as the re  is more separa t ion  po ten t i a l  than  needed and solvent w i l l  

be wasted. 

A t  1.10 t o  

Above 1.3, 
On t h e  o the r  hand i f  t h e  

The Rf values derived from TLC data can be used i n  t he  same 

way as capacity f a c t o r s .  

s e l e c t l v i t y  f a c t o r ,  o r  is t h e r e  any numerical determination of 

reso lu t ion .  

tometers ava i l ab le  In  t h e  market, one could generate data from 

which t o  make such ca lcu la t ions .  However, it probably wouldn't 

c o s t  much more t o  buy a good a n a l y t i c a l  HPLC system ins tead .  

There is no t h i n  l aye r  equivalent t o  t h e  

Poss ib ly ,  by u s e  of one of t h e  p l a t e  scanning dens i -  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I. 155 

Regardless of how one approaches a prepara t ive  sepa ra t ion ,  

it is best  t o  start on a smaller sca l e  and work up. There o f t e n  

is a need fo r  some minor adjustments. Increas ing  loads  i n  s t e p s  

w i l l  soon give a p r e t t y  good idea  of where t h e  upper l i m i t s  l i e ,  

and meantime material is being prepared. Very o f t e n  a c t u a l  l o a d  

l i m i t s  w i l l  exceed those pred ic ted  from t h e  ca l cu la t ed  s e l e c t i v i t y  

f a c t o r ,  Also it may prove f a s t e r  t o  f i r s t  pu r i fy  t h e  mater ia l  t o  

a c e r t a i n  l e v e l ,  say  gceater than  9546, and then rerun it f o r  a 
f i n a l  pu r i f i ca t ion .  

with mixtures having a l o t  of impur i t ies  and r e l a t i v e l y  low con- 

cen t r a t ions  of t h e  des i red  component or components. 

This  is  p a r t i c u l a r l y  t r u e  when one is dea l ing  

Theory and Use of Recycle 

Recycle is pr imar i ly  used when ca l cu la t ed  s e l e c t i v i t y  values 

a r e  low. 

pushed, provided the re  is not excessive t a i l i n g .  

It a l s o  may be he lpfu l  when t h e  load  l e v e l s  a r e  being 

The process is simple. For example, assuming a two component 

mixture,  one waits u n t i l  t h e  f i r s t  of t hese  begins t o  e l u t e .  

d ing  on how t i g h t  t h e  separa t ion  is, more o r  l e s s  of t h e  f r o n t  is 

c o l l e c t e d ,  o r  "shaved", before s t a r t i n g  recyc le .  The bulk of t h e  

peak is  then re turned  t o  t h e  column, A t  t h e  end of t h e  peak, one 

may wish t o  shave another f r a c t i o n .  A s  t h e  recycled peak comes 

around aga in ,  t h e  process is repeated. 

Depen- 

The t r i c k y  p a r t  of r ecyc le  is knowing j u s t  where t o  shave and 

how many recyc les  a r e  needed. Usually t h e r e  is some leeway and it 

is b e t t e r  t o  t ake  t h e  conservative rou te .  Also t h e  more runs  made 

with a given mixture, t he  more exact t hese  dec is ions  become. 

The amount which can be shaved on both s i d e s  depends on how 

c lose  t h e  components a r e  e lu t ing .  

be run before any shaving can be done. On t h e  o ther  hand i f  one is 
too  conservative i n  beginning t o  shave, band sprenA may cause t h e  

f r o n t  t o  come about before t h e  end is of f  and remix them. Each 

shave reduces band width, t hus  counterac t ing  spread. Also each 

shave removes mater ia l  t hus  reducing t h e  overload and increas ing  

e f f i c i ency  with regard t o  t h e  remaining material. 

Sometimes severa l  r ecyc le s  must 
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156 NETTLETON 

I n  o v e r l o a d ,  normal phase columns t a i l  t o  t h e  rear as a r u l e ,  

whi le  r e v e r s e  phase columns t a i l  forward.  

s h a v i n g  should  always be l e s s  on t h e  s i d e  o f  t h e  t a i l .  T h i s  is 
modif ied somewhat by t h e  r e l a t i v e  amounts o f  t h e  components involved .  

Thus t h e  d e g r e e  of 

F o r  more complex mixtures  any  number of  t h i n g s  may e l u t e  ahead 

Late e l u t i n g  s p e c i e s  p r o h i b i t  r e c y c l e  f o r  of  t h e  area o f  i n t e r e s t .  

obvious r e a s o n s ,  but  u s u a l l y  t h e s e  can  be removed by a p r e l i m i n a r y  

p r e p a r a t i v e  r u n  made at  as h i g h  a l o a d  as t h e  t r a f f i c  w i l l  b e a r .  

If one is after t h e  first o r  last o f  a multi-component mixture ,  

r e c y c l e  can o f t e n  be used as well by t r e a t i n g  t h e  d e s i r e d  component 

as one s p e c i e s  and t h e  mixture of  t h e  o t h e r s  as a second s p e c i e s .  

T h i s  works as l o n g  as t h e  whole complex is not  s p r e a d  o u t  over  two 

great an area, and even i n  t h e  l a t t e r  c a s e  nhen t h e  last  component 

is b e i n g  s o u g h t ,  

Much of t h e  success i n  u s i n g  r e c y c l e  comes from exper ience .  

After us ing  it s e v e r a l  times one comes t o  know nhat  t o  expec t  from 

it and how t o  a p p l y  a u x i l l i a r y  d a t a .  
I f  one is  u s i n g  HPLC or  TLC t o  a n a l y z e  f r a c t i o n ,  t h e r e  Is a n  

a d d i t i o n a l  t r i c k  t h a t  can be used with t h e  P r e p  LC/System 500. 
This I s  t o  c o l l e c t  samples  o f  t h e  out f low from the r e f r a c t i v e  index  

d e t e c t o r  whi le  i n  t h e  r e c y c l e  mode. A n a l y s i s  of t h e s e  can not  be 

made b e f o r e  t h e  c u r r e n t  r u n  is f i n i s h e d ,  b u t  it c e r t a i n l y  w i l l  pro-  

v i d e  good d i r e c t i o n  f o r  t h e  next  one. 

ScoDe and L i m i t a t i o n s  

Much o f  t h i s  h a s  been covered  i n  t h e  p r e c e d i n g  d i s c u s s i o n .  

P r e p a r a t i v e  LC has b e n e f i t t e d  many areas of  chemis t ry  and  a l l ied  

f ie lds .  Its imgact on n a t u r a l  p roducts  r e s e a r c h  is obvious .  Syn- 

t h e t i c  organic c h e m i s t s  have b e n e f i t t e d  too. Now many o f  these 

i s o l a t e  products  from mixtures t h e y  would have tkrown away o n l y  a 
few years ago and have them e v a l u a t e d .  I n  t h i s  nay t h e y  can con- 

c e n t r a t e  t h e i r  e f f o r t s  t o  improve y i e l d s  on t h o s e  p r o d u c t s  w i t h  

real  p o t e n t i a l .  

The process  is not  l i m i t e d  t o  i s o l a t i n g  pure  compounds. Rapid 

class s e p a r a t i o n s  can  be e f f e c t e d  t o  c o n c e n t r a t e  d e s i r e d  components 
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PREPARATIVE L I Q U I D  CHROMATOGRAPHY. I .  157 

f o r  l a t e r  refinement.  

u n i t s  i n  t h e  same manner as f l a s h  chromatography is p r a c t i s e d  i n  

open columns. Speed is  t h e  b i g  advantage and the ' chemis t ' s  main 

l i m i t a t i o n  is h i s  a b i l i t y  t o  keep up wi th  i t  a l l .  

S tep  g rad ien t s  can be app l i ed  on p repa ra t ive  

Poor s o l u b i l i t y  is probably t h e  main l i m i t a t i o n .  There a r e  

caes  when one must work with more d i l u t e  s o l u t i o n s  and make more 

runs ,  although t h e r e  a r e  a few t r i c k s  one can try. One old chxona- 

t o g r a p h e r ' s  t r i c k  is t o  evaporate a s o l u t i o n  of t h e  ma te r i a l  down 

wi th  some of t h e  packing so t h a t  t h e  sample becomes coa ted  on t h e  

su r face  of t h e  l a t t e r .  Presumably a so lven t  system unsui ted  for 

chromatography can be found t o  accomplish t h i s  purpose. The coa ted  

packing is then l aye red  on t o p  of t h e  c o l u m ,  and developement is 
begun. 

Obviously some modi f ica t ions  w i l l  be needed f o r  t h e  i n s t r u -  

ments ava i l ab le .  

Chxomatospac and Miniprep u n i t s  it should be poss ib l e  t o  l a y e r  

on a t h i c k  s l u r r y  of t h e  coa ted  mater ia l  using a l e s s  modified 

system. 

t l e  mixing occurs dur ing  bed compression, 

prepackaged c a r t r i d g e s ,  t h e  coa ted  packing can be dry packed i n t o  

some k ind  of a pre-column. 

s t a i n l e s s  s t e e l  column provided wi th  t h e  Prep  =/System 500A unit 
is i d e a l  for t h e  purpose. 

With t h e  s l u r r y  packing devices  such as t h e  

The degree of success  will depend on how much o r  how lit- 
With u n i t s  r e q u i r i n g  

The one f o o t  by one inch  diameter 

T h i s  approach is success fu l  on ly  t o  t h e  ex ten t  t h a t  t h e  sample 

w i l l  r a p i d l y  cone o f f  i n  t h e  running system and go onto  t h e  bed it- 

self. 
more sample can be pursuaded t o  do j u s t  t h i s ,  t h e r e  a r e  l i m i t s .  

If t h e s e  a r e  exceeded, sample w i l l  bleed onto  t h e  bed and t h e  sepa- 

r a t i o n  will be wrecked. 

While gene ra l ly  i n  t h i s  f i n e l y  d iv ided  s t a t e  cons iderably  

I n  r eve r se  phase systems PIC reagen t s  have been very  success- 

ful  for analy? ica l  work. 

a p p l i c a b l e  t o  preparative work. 

cons ide ra t ion ,  t h e y  tend t o  contaminate both t h e  bonded phase,  

g iv ing  problems i n  subsequent runs ,  and product,  where they  nay be 

d i f f i c u l t  t o  remove. 

Unfortunately t h e s e  Bo not appear t o  be 

Aside from c o s t ,  which is a r e a l  
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158 NETTLETON 

A l e s s e r  l i m i t a t i o n  o f  compressed bed sys tems is t h a t  t h e y  

r e q u i r e  packings w i t h  r i g i d  matrices. 

m a t e r i a l s  as t h e  p o l y s t y r e n e  packings used fo r  size s e p a r a t i o n s .  
Even though t h e s e  nay seem f a i r l y  f i r m ,  t h e y  w i l l  compress and 

v i r t u a l l y  seal o f f  t h e  f low.  

microporous si l icas where pore s i z e s  are c o n t r o l l e d  s e e n  t o  be 

d i s p l a y i n g  molecular  s i e v i n g  p r o p e r t i e s .  A c t u a l l y  over  t e n  y e a r s  

ago Corning produced glass beads  w i t h  c o n t r o l l e d  p ~ e  s i z e s  t o  

be  used f o r  j u s t  t h i s  type  of chromatography,  bu t  t h e  product  was 
a l lowed t o  d i e .  Perhaps  now t h i s  technology w i l l  be r e j u v e n a t e d .  

With proper  bonding a n  i n e r t  s i l ica  presumably could  be developed 

f o r  t h e  purpose. 

T h i s  p r e c l u d e s  a g a i n s t  such  

C u r r e n t l y  people  a r e  d i s c o v e r i n g  t h a t  

I t  is o f t e n  s a i d  t h a t  t h e  i n s a t i a b l e  s o l v e n t  demands of t h e  

compressed bed p r e p a r a t i v e  units p l a c e  a s e v e r e  cost l i m i t a t i o n  on 

t h e i r  u s e .  A c t u a l l y ,  where d i r e c t  comparisons can be nade t o  open 

column work, t h e  former use less s o l v e n t  p e r  gram of sample and 

accomplish t h e  j o b  i n  minutes  as opposed t o  hours  or dajrs. 

j u s t  that  w i t h  t h e  modern u n i t s  one is p s y c h o l o g i c a l l y  more aware 

of t h e  volume involved .  

I t ' s  

Other  C o n s i d e r a t i o n s  

A number of  t h e o r e t i c a l  s t u d i e s  have been made on p r e p a r a t i v e  

LC sys tems,  some u t i l i z i n g  compressed beds. Although some o f  t h e  

l i t e ra ture  from Waters Associates has claimed reduced wall effects 

i n  t h e  c a s e  of  t h e  l a t t e r ,  none of t h e s e  s t u d i e s  seem t o  make a n y  

d i s t i n c t i o n  on t h i s  p o i n t .  

O f  p a r t i c u l a r  i n t e r e s t  is r e s e a r c h  on t h e  e f f e c t s  of volume 

over load .  

f o r  t h i s  work, sample amounts are k e p t  below o v e r l o a d  l e v e l s  where 

t h e  i so therms would cease t o  be l i n e a r .  The la t ter  a r e  determined 

by p l o t t i n g  s o l u t e  c o n c e n t r a t i o n s  ( f o r  a model compound) on t h e  

s t a t i o n a r y  phase v s  t h o s e  i n  t h e  mobile phase f o r  a s e r i e s  of  t o t a l  

s o l u t e  l e v e l s .  

be ing  a ba tch  p r o c e s s .  

sample over load  because t h e  s t a t i o n a r y  phase can no l o n g e r  accomo- 
date Its s h a r e  of t h e  s o l u t e .  

S i n c e  d i s t r i b u t i o n  i so therms are t h e  parameters used 

T h e r e  are s e v e r a l  ways t o  d o  t h i s ,  t h e  s i m p l e s t  

L i n e a r i t y  of the i so therm b r e a k s  down a t  
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PREPARATIVE LIQUID CHROHATOGRAPHY. I. 159 

As a simpler a l t e r n a t i v e  t o  isotherms, column e f f i c i e n c y  has 
a l s o  been used as a parameter. 

t h i s  property i n  using t h e i r  home-made appara tus  t o  s tudy  t h e  

e f f e c t s  of flow r a t e s  and sample volumes, They a l s o  designed 

two ty-pes of i n j e c t o r s .  One introduced t h e  sample over t h e  e n t i r e  

c ross -sec t iona l  a r e a  of t h e  column i n  t h e  more t r a d i t i o n a l  manner. 

The o the r  introduced it i n  t h e  cen te r  t o  produce t h e  e f f e c t  of an  
i n f i n i t e  diameter column. 

that less than  596 of t h e  sample ever reached t h e  w a l l .  

Godbille and Devaux ( 3 )  followed 

I n  t h e  l a t t e r  ca se  they could c a l c u l a t e  

The au thors  s tud ied  both normal and r eve r se  phase systems at 
both a n a l y t i c a l  and prepara t ive  l e v e l s ,  us ing  a s t e r o i d ,  nordieno- 

l o n e , a s  a model. Flow r a t e  and i n j e c t o r  e f f e c t s  were s tud ied  on 

both s i l i c a  (10 p) and o c t y l s i l y l  bonded s i l i c a  using r e spec t ive ly  

5 methanol i n  methylene ch lo r ide  and 65:35  water:methanol systems. 

Optimal flow r a t e s  were found which seemed independant o f  i n j e c t i o n  

mode on normal phase but var ied  somewhat on reverse  pMse. Center 

i n j e c t i o n  was s l i g h t l y  super ior  i n  terms of e f f i c i e n c y  i n  t h e  nor- 

m a l  phase system but no t  on t h e  o ther .  

bonded phase system t o  be l e s s  e f f i c i e n t ,  bu t  t h i s  is no t  uncommon. 

Overa l l  they  found t h e  

At t h e  p repa ra t ive  l e v e l  t h e  e f f e c t s  o f  volume overload were 

s tud ied  on t h e  normal phase system alone. 

cen ter  i n j e c t i o n  mode was somewhat more e f f i c i e n t ,  but it became 

dramat ica l ly  l e s s  e f f i c i e n t  as volumes were increased. 

For smaller volumes t h e  

Another group from France has  a l s o  s tud ied  volume overload on 

compressed beds (10) , 

mathematics, determined maximal i n j e c t i o n  volumes. They compared 

four  ty-pes of on-column i n j e c t o r s  inc luding  a r a t h e r  i n t e r e s t i n g  

s p r i n k l e r  type, 

These workers, us ing  some r a t h e r  complex 

Dutch workers began by s tudying  t h e  d i spe r s ion  e f f e c t  i n  

prepara t ive  L C ,  us ing  i n  t h i s  work packed metal columns r a t h e r  
than mechanically compressed beds (11). T h i s  l e d  t o  s t u d i e s  using 

t h e  d i s t r i b u t i o n  isotherms discussed above as a means t o  determine 

optimal condi t ions  f o r  both a n a l y t i c a l  and p repa ra t ive  LC (12). 

Severa l  ways of  determining t h e  isotherms a r e  described. 

i n t e r e s t  was t h e  discovery that f o r  h y d r o c l r b n  bonded s i l i c a s ,  

Of 
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160 NETTLETON 

increas ing  chain l eng th  has an adverse e f f e c t  on isotherm l i n e a r i t y .  

The s tandard  chain l eng ths  of 18, 8 and 2 carbon atoms were com- 

pared. The au thors  had some re se rva t ions  about t h e  s tudy  and 

cautioned that t h i s  does not mean that C2-bonded phases are s u p e r i o r  

Unfortunately none of  t h i s  has app l i ca t ion  as ye t  t o  large 

s c a l e  separa t ions .  With l a r g e  weight over load ,  volume overload 

e f f e c t s  may be buried. Their actual con t r ibu t ion  is still too  

d i f f i c u l t  t o  measwe. 

ferences due t o  carbon chain l e n g t h  may be t h a t  capac i ty  is reduced 

with inc reas ing  length .  Otherwise i n  prepara t ive  LC one mus t  still 

r e l y  on empirical  data and u s e  i aag ina t ion .  
remains l a r g e l y  an art. 

One i n t e r p r e t a t i o n  of t h e  d a t a  on t h e  d i f -  

This  a r e a  of sc ience  

EXAMPLES 

S i l i c a  Chromatowaohy 
Most of t he  prepara t ive  LC on compressed beds repor ted  t o  da t e  

hate used s i l i c a .  T h a t  many hold t h i s  packing t o  be t h e  most versa-  

t i l e  adsorbant ava i l ab le  today may be a f a c t o r .  

t h e  most ava i l ab le  and t h i s ,  t o o ,  has its inf luence .  

Ce r t a in ly  it is 

Things can happen on t h i s  medium which t h e  chromatographer is 
well advised t o  t a k e  i n t o  cons idera t ion .  S i l i c a s  from d i f f e r e n t  

s o u c e s ,  and even i n  d i f f e r e n t  batches from t h e  same source ,  can 

vary considerably.  Much of t h i s  is due t o  d i f f e rences  i n  adsorp- 

t i v e  s i t e s  on t h e  sur face .  S i l a n o l  groups,  which may a c t  both as 

hydrogen bonding donors and accep to r s ,  vary i n  r e a c t i v i t y  and 

a c i d i t y .  Non-protonated s i l y l  oxygens, mostly e t h e r  type f u n c t i o n s ,  

a c t  as hydrogen bonding acceptors  and vary in r e a c t i v i t y  as well .  

The inf luences  may be chemical o r  phys ica l  (eg .  s t e r i c  in f luences)  

or both. 

bes t  l i t t l e  understood. 

polar modifiers,  and o ther  so lvent  cons t i t uen t s  axe spread a b o u t  

on t h e  sur face  con t r ibu t ing  t h e i r  e f f e c t s .  I n  overload, s o l u t e  

cons t i t uen t s  may even con t r ibu te  t o  some ex ten t .  

There axe a lso  *-electron bonding e f f e c t s  which a r e  a t  

I n  add l t ion  varying amounts of water,  

I n  i s o c r a t i c  systems most of t h e s e  f e a t u r e s  average out  t o  a 
s o r t  of norm f o r  t h e  p a r t i c u l a r  environment c rea ted .  Even with a 
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PREPARATIVE LIQUID CHROMATOGRAPHY. I. 161 

grad ien t ,  as long  as equilibrium is maintained, su r f ace  f e a t u r e s  

gradual ly  change i n  a continuum. 
divergency i n  t h e  r e a c t i v i t y  of d i f f e r e n t  s i t e s  towards s o l u t e  

components, t h i s  breaks down. An extreme example is t h e  well-known 

case  of amines i n t e r a c t i n g  with a c i d  s i l a n o l  func t ions .  I n  any 

given region of a column t h e r e  a r e  not enough of t h e  la t ter  t o  

accomodate a l l  the  bas ic  groups,  even a t  a n a l y t i c a l  loads .  I n  a 

sense t h e  column is overloaded with r e spec t  t o  t h e s e  a c i d i c  s i t e s .  

The r e s u l t  is  t a i l i n g  and s t r eak ing .  

However, if t h e r e  is a wide 

I n  prepara t ive  LC, even with a general  overload s i t u a t i o n ,  

t h e  hyperactive s i t e s  can cause problems, e s p e c i a l l y  when i n t e r -  

a c t i o n s  with a p a r t i c u l a r  func t iona l  group do not d i s t i n g u i s h  

between the  d i f f e r e n t  molecular spec ie s  bearing it. I n  add i t ion  

t h e  d i f f e r e n t  c a p a c i t i e s  of subse ts  of s i tes  with widely d i f f e r i n g  

r e a c t i v i t y  l e v e l s  may provoke add i t iona l  t a i l i n g  e f f e c t s ,  

working with overload it is o f t e n  b e t t e r  t o  have 8 more uniformly 

r e a c t i v e  column than  a h ighly  a c t i v e  one. 

I n  

The degree t o  which one needs t o  deac t iva t e  s i l i c a  depends 

upon how s o l u t e  molecules a r e  l i k e l y  t o  perceive t h e  var ious  a c t i v e  

s i t e s ,  Neut ra l ,  f a i r l y  non-polar substances f i n d  t h e  whole spec- 

trum of these  s i t e s  p r e t t y  much equiva len t .  

t i o n s  are added t o  the  s o l u t e  molecules, a complex range of i n t e r -  

a c t i o n s  develops and t h e  more r e a c t i v e  s i t e s  must be suppressed. 

Quite o f t e n  t h i s  occurs as a na tu ra l  consequence from t h e  add i t ion  

of po lar  so lvent  modifiers t o  reduce r e t e n t i o n  t o  a usable l e v e l .  
I n  extreme c a s e s ,  as evidenced by severe  t a i l i n g  in t h e  trial ana- 

lytical systems, add i t iona l  modifiers will be neyded. 

As more pol= func- 

Antitumor agents  from fermentations ( p a r t i c u l a r l y  fe rmenta t ions  

of members of t h e  

t h e  undes i rab le  p rope r t i e s  poss ib le  from a chromatographer's p i n t  
of view. They a r e  usua l ly  very s t rong  binding a s e n t s  i n  t h e i r  own 

r i g h t ,  probably a n a t u r a l  consequence of t h e i r  anti tumor p rope r t i e s .  

Some are bases and not a few have t h e  s o l u b i l i t y  c h a r a c t o r i s t i c s  

of grave l .  

order Actinomycetales) seem t o  d i s p l a y  a l l  of 
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162 NETTLETON 

The a n t h r a c y c l i n e  mixture, Bohemic Acid Complex, which was 
r e s o l v e d  a t  B r i s t o l  L a b o r a t o r i e s  ( 1 3 ,  11C, L5), p;-ovides a good 

example or' most of t h e s e  problems except  s o l u b i l i t y .  The g e n e r a l  

s t r u c t u e  of i t s  components ( c f .  F i g .  1) shows a v a r i e t y  of po lar  

f u n c t i o n s  i n c l u d i n g  a n  amine. I n  t h e  e a r l y  s t a g e s  i t  was d i f f i c u l t  

t o  f i n d  a t h i n - l a y e r  chromatographic  system t h a t  would a f f o r d  zones 

which d i d n ' t  s t r e a k .  

On a n a l y t i c a l  WLC t h e  chromatography p r o f i l e s  were no b e t t e r ,  

b u t  t h i s  approach a l lowed e x p e r i l e n t a t i o n  with m o d i f i e r s  d i f f i c u l t  

n t  b e s t  t o  use i n  TIC systems.  E a r l i e r  exper ience  w i t h  open 

columns had t a u g h t  us t h a t  p r e t r e a t m e n t  of s i l i ca  w i t h  aqueous 

ammonium hydroxide n e u t r a l i z e d  a c i d i c  s i l a n o l s  and reduced  t a i l i n g .  

Concerned a t  the time that water would e x c e s s i v e l y  d e a c t i v a t e  t h e  

HPLC a n a l y t i c a l  column used f o r  a systems s e a r c h ,  we s t u d i e d  t h e  
modifying e f f e c t s  of lower a l k y l  amines and even anydrous ammonia 

i n  methanol, With a b a s i c  system of 4 - 5% methanol i n  methylene 

c h l o r i d e ,  some improvement was n o t e d ,  but  t a i l i n g  was still s e v e r e .  

Only when water ( i n  t h e  form o f  a q .  NH40H stirred w i t h  t h e  system 
t o  saturate it) was added was complete  r e s o l u t i o n  achieved .  Where 

HO 0 C OOCH, 

bR 
FIGURE 1. General s t r u c t u r e  of t h e  a n t h r a c y c l i n e s  of Bohemic Acid 

Complex: R - H o r  v a r i o u s  mono- and d i s a c c h a r i d e s .  
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a t  bes t  some two o r  t h r e e  components had been seen before ,  seven 

o r  e igh t , i nc lud ing  t h e  s i x  an th racyc l ines  even tua l ly  i s o l a t e d ,  

appeared i n  sharp ly  reso lved  peaks.  

I n  t h e  e a r l y  days of HPLC such s t r e s s  was l a i d  on main ta in ing  

anhydrous condi t ions  that most r e sea rche r s  avoided water l i k e  t h e  

plague. I n  r ecen t  yea r s  r e p o r t s  of t h e  b e n e f i c i a l  e f f e c t s  of t h i s  

agent have appeared wi th  inc reas ing  r e g u l a r i t y .  

columns wi th  huge p l a t e  counts a r e  impressive but not p a r t i c u l a r l y  

usefu l  if they  do not  t r a n s l a t e  to t h e  sepa ra t ion  at  hand. 

important to recognize that column e f f i c i ency  is a proper ty  of 

solute-adsorbant i n t e r a c t i o n s ,  not of t he  adsorbant a lone .  

Highly a c t i v e  

It is  

While bases w i l l  s p e c i f i c a l l y  n e u t r a l i z e  acid f u n c t i o n s ,  water 

w i l l  modify o the r  h ighly  a c t i v e  s l t e s  where lower a l c o h o l s  f a i l .  

For s o l u t e s  with h igh  binding p o t e n t i a l s  such as an t i tumor  a g e n t s ,  

t h i s  w i l l  a c t u a l l y  lead t o  improved column e f f i c i ency  even though 

its p l a t e  count w i l l  d rop  markedly i n  t h e  systems usua l ly  employed 

t o  measure t h i s  proper ty .  

The t r a n s l a t i o n  of t h e  sepa ra t ion  of Bohemic Acid Complex t o  

p repa ra t ive  LC was exce l l en t .  Because of  t h e  complexity of  t h e  

mixture,  r e f r a c t i o n a t i o n  was necessary,  and r ecyc le  proved very 
p r o f i t a b l e  i n  i s o l a t i n g  c e r t a i n  of t h e  components. The process  

developed has  proven of commercial va lue ,  one of t h e  components 

(marcellomycin) now being produced f o r  c l i n i c a l  t e s t i n g .  

I n  us ing  ammoniacal systems it is important t o  remember t h a t  

s i l i c a  does d i s s o l v e  i n  base, p a r t i c u l a r l y  wi th  ammonia i n  methanol. 

I n  compressed bed systems a c e r t a i n  amount of  l o s s  can be t o l e r a t e d  

s i n c e  voids  a r e  squeezed out. However, even tua l ly  even compression 

can not keep up wi th  t h e  l o s s e s .  Because of t h e  i r o n  contamination 

i n  t h e  PrepPAKs used f o r  o w  an th racyc l ine  work, t h e r e  were always 
l o s s e s  on new columns and contamination of t h e  l a t t e r  with i r o n  

c h e l a t e s  of t h e  compounds. S ince  t h e s e  could contaminate l a t e r  

r u n s ,  t h e y  had to be removed, a methanol wash being bes t  f o r  t h i s  

purpose. Fo r tuna te ly  one wash a f t e r  t h e  first run  removed not only  

t h e  c h e l a t e s  but wi th  them a l l  t h e  i r o n ,  making washes a f t e r  subse- 

quent runs  unnecessary. Furthermore, i n  t h e s e  subsequent runs  
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164 NETTLETON 

t h e  r e s o l u t i o n  and column behavior was v a s t l y  improved. 

unwanted an th racyc l ine  by-products t o  precondi t ion  columns. 

Now ws use 

I n  working wi th  modi f ie rs  such as ammonia, it is important t o  

Concen- be mindful of any o the r  i n t e r a c t i o n s  t h a t  may t a k e  p l ace .  

t r a t e d  ammonium hydroxide is not completely misc ib le  wi th  b!% rnetha- 

no1 i n  methylene c h l o r i d e ,  hence a q u a n t i t y  of t h e  reagent  ( u s u a l l y  

0.5% v/v) was s t i r r e d  i n t o  t h e  so lven t  system and allowed t o  s e t t l e  

out on top ,  

5$, this quan t i ty  of t h e  aqueous ammonia completely d i s so lved .  

I n  t h e  4$ methanolic system most of  t h e  ammonia d i s t r i b u t e d  t o  t h e  

aqueous phase,  hence its concent ra t ion  i n  t h e  running so lven t  was 

q u i t e  low. With a l l  t h e  ammonia d i s s o l v i n g ,  t h e  r e l a t i v e  inc rease  
i n  ammonia concent ra t ion  i n  t h e  l a t t e r  was huge. I n  t h e  fo l lowing  

p repa ra t ive  run a pecu l i a r  a r r a y  of peaks was seen 

f r a c t i o n ,  by HPLC a n a l y s i s ,  looked e x a c t l y  l i k e  t h e  s t a r t i n g  mate- 

rial. Apparently all t h a t  had sepa ra t ed  were var ious  ammonia com- 

p lexes  of t h e  polyhydroxy anthraquinone system (where t h e  hydroxyl 

func t ions  have pK's c l o s e  t o  those  of caxboxylic a c i d s )  without 

r ega rd  t o  o ther  molecular d i f f e rences .  

However, when t h e  methanol conten t  was increased  t o  

and every 

Probably no s i n g l e  i n v e s t i g a t o r  has demonstrated t h e  va lues  

of prepara t ive  LC i n  more d i v e r s e  ways than  Prof. Koj i  Nakanishi 

of Columbia Univers i ty .  An e x c e l l e n t  review i n  1979 (16) covers  

much of h i s  and o t h e r s '  work on a v a r i e t y  of chemotypes. 

I n  conjunction with h i s  work on v i s i o n  r e sea rch ,  Prof.  N a k k a -  
n i s h i  has done ex tens ive  experimentation wi th  t h e  r e t i n a l s  and 

r a t i n o i d s .  

labi le  i n  o the r  ways as we l l .  Needing small q u a n t i t i e s  j u s t  p r i o r  

t o  tes t ing i n  b io log ica l  models, t h e  Nakanishi group r o u t i n e l y  

uses prepa ra t ive  I& t o  i s o l a t e  t h e s e  as end-products from s y n t h e t i c  

sequences j u s t  before use (17). 
i s o l a t e  key, but l a b i l e ,  s y n t h e t i c  i n t e rmed ia t e s ,  e.g. t h e  9-Cis 
and a l l - t r a n s  compounds produced from one syn the t f c  s t e p  and 

shown i n  f i g .  2. 

Many of t h e s e  compounds a r e  not only Ught aerssit tve but 

Also t h e  technique is used t o  

The LC system was 11% d i e t h y l  e t h e r  i n  hexanc . ( l8) .  

I n  s tudying  s y n t h e t i c  r o u t e s  t o  c e r t a i n  i n s e c t  pheromones, 

Nakanishi and coworkers were faced  wi th  t h e  problem of r e s o l v i n g  
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9-c& 

FIGURE 2 

a l l  t r a n s  

the cis and trans isomers of a key intermediate ( c f .  f i g .  3)(18). 
This mixture would not resolve on s i l i c a  alone. However, s i l v e r  

impregnated s i l i c a  has long been used t o  separate  o l e f in s .  

Nakanishi group solved the problem by removing the frit on a 

PrepPAK and replacing its contents with s i l ica  t r ea t ed  u i t h  1% 

s i l v e r  n i t r a t e .  The process of replacing t h e  PrepPAK contents had 

a b o u t  a 25% success r a t e  ( 1 9 ) ,  but with the  same 11% d ie thy l  e the r  

i n  hexane system used f o r  the r e t i n a l  intermediates,  t he  isomers 

were cleanly resolved, 

nation of s i l i c a  u i t h  s i l v e r  has been published (20) and could 
possibly be applied t o  prepackaged columns. 

The 

Recently a procedure f o r  on-column impreg- 

The same group has a l s o  explored the  d i r e c t  i s o l a t i o n  of pure 

natural  products from crude plant  ex t r ac t s  by preparat ive L;: (21). 
Two solvent s t a g s  were used on a crude plant  ex t r ac t ,  f i r s t  1s 
d ie thy l  e ther  i n  hexane and secondly 25% e thy l  ace t a t e  i n  hexane. 

Severdl pure compounds including a new a lka lo id  and an unknown were 
obtained i n  c r y s t a l l i n e  s t a t e .  

Generally some preliminary work is needed t o  concentrate t he  

desired components from plant ex t r ac t s ,  but some f a i r l y  crude mate- 

rials can be resolved by preparative LC. 

B r i s t o l  Laboratories t h i s  was the  case in isolating t he  antitumor 

I n  our experience at 

THP-0-(CH ) CHGH(CH,)~CHO 

FIGURE 3. THP - tetrahydropyranyl. 

2 5  
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OR 
I 

0 ,  

dH3 OCH3 

FIGURE 4. General  s t r u c t u r e  of t h e  maytansinoids  and t h e  ansamito-  
c i n s .  For  t h e  maytans inoids ,  R = C(:O)-CH(CH ) -N(CH ) R '  where R '  
I s  v a r i o u s  v a r i o u s  lower a l k y l  a c y l  groups.  $or may?ansine. R '  is 
a c e t y l .  For t h e  a n s a m i t o c i n s ,  R is v a r i o u s  lower a l k y l  a c y l  groups  
t h e  N-methyl a l a n y l  moiety b e i n g  miss ing  i n  t h i s  ser ies .  

a g e n t  maytansine and o t h e r  maytansinoids  (22) (c f .  Fig. 4). The 

s o u r c e  was far r i c h e r  t h a n  any found b e f o r e  for t h e s e  compounds, 

but even a f te r  a c i d  and base washes and a b a t c h  s i l i c a  p r o c e s s ,  the 

c r u d e  m a t e r i a l  c o n t a i n e d  enough o i l s  and waxes t o  foul columns i n  

t h e  p r e p a r a t i v e  system making them unusable  a f te r  a few runs .  

F o r t u n a t e l y  t h e  p r o d u c t s  c o u l d  be c r y s t a l l i z e d  from t h e  f r a c t i o n s  

which s t i l l  c o n t a i n e d  oil. 

It is i n t e r e s t i n g  t o  n o t e  t h a t  water was needed i n  t h e  system 

used t o  r e s o l v e  t h e  maytans inoids ,  it b e i n g  5% *-propano1 i n  

methylene c h l o r i d e  e q u i l i b r a t e d  w i t h  0.5% water. 
i m p u r i t y  was found i n  t h e  maytansine product  which c o u l d  not  be 

r e s o l v e d  i n  t h e  ha locarbon sys tem,  

as t h e  carrier w i t h  t h e  same p r o p o r t i o n  of t h e  a l c o h o l  a f f o r d e d  

good r e s o l u t i o n  of t h e  mixture, I n  t h i s  case water nas not  needed. 

Not I n f r e q u e n t l y  e t h y l  a c e t a t e  may be s u b s t i t u t e d  f o r  a ha locarbon 

carrier s o l v e n t  w i t h  improvement i n  r e s o l u t i o n .  

A Japanese  group from Takeda Chemical I n d u s t r i e s ,  Ltd.  used a 

711 e t h y l  a c e t a t e i h e x a n e  system s a t u r a t e d  w i t h  water a t  22' t o  re- 
solve ansami toc in  mixtures ( 2 3 ) ,  t h e s e  b e i n g  a n o t h e r  class of may- 

t a n s i n o i d s  produced by f e r m e n t a t i o n s  of  a Nocardia s p s .  

L a t e r  a p e r s i s t a n t  

S u b s t i t u t i o n  of e t h y l  acetate 

I n  t h e i r  
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I I 
NO NO 
1 2 

#,A .%. 
FIGURE 5 

experience h a l f  gram samples could not be reso lved  on s i l ica  Prep- 

P U S  

with  Kiese lge l  60 from E. Merck and used it. 

but were we l l  reso lved  when they  packed an  empty c a r t r i d g e  

Workers a t  Freder ick  Cancer Research Center found e t h y l  a c e t a t e  

s u p e r i o r ,  i n  t h i s  ca se ,  as a modifier compared t o  chloroform. The 

problem was t h e  sepa ra t ion  of some conformational isomers o f  nor- 

phol ine  and p ipe r id ine  n i t rosamines  ( c f .  F ig .  5 ) ,  of i n t e r e s t  as 
p o t e n t i a l  carcinogens (24).  

and t rans  isomers of t h e  morpholine n i t rosamine ,  J, were not well 
reso lved  although some enrichment was observed. 

a c e t a t e  in hexane r e t e n t i o n s  were shor tened  and r e s o l u t i o n  was 

g r e a t l y  improved. 

p r e p r e d .  I n  t h e  p ipe r id ine  s e r i e s ,  2, s e r i o u s  tai1in.g occurred 

wi th  t h e  1096 e t h y l  a c e t a t e  i n  hexane system predic ted  by a n a l y t i c a l  

HPLC, but t h i s  was so lved  by inc reas ing  t h e  modifier conten t  t o  

15%. 

With 7@ chloroform i n  hexane t h e  Cis 

With 2@ e t h y l  

With r ecyc le  gram q u a n t i t i e s  of  each isomer were 

The n a t u r a l  f a r n e s o l  isomers,  3 and 4 ( c f .  Fig 6), used i n  

perfumery, have been reso lved  on compressed si l ica beds us ing  a 
system of  l& d i e t h y l  e t h e r  in &-octane (25) by a U. S. Dept. of 

Agr icu l ture  i n v e s t i g a t o r  a t  B e l t s v i l l e ,  Md. 

Severa l  d i f f i c u l t  aromatic mixtures have been n i c e l y  resolved. 
A Czech group has prepared a n a l y t i c a l  r e fe rance  samples of a v a r i e t )  

of monoaromatic hydrocarbons from crude oil cuts using  5-pentane 

as the running so lven t .  

f ier .  Pure qu ino l ine  and s e v e r a l  methylquinoline p o s i t i o n a l  i s o -  

mers, obtained from commercial sources  i n  p u r i t i e s  of 90 - 9 9 . 5 ,  

Note here  t h e  l a c k  of m y  need f o r  a modi- 
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3 * 

FIGURE 6 

4 .>. ,* 

were brought t o  99 - lOC$ pur i ty  by workers at  the  American Health 

Foundation i n  Valhalla, N.Y. (27). 
prepared using a l.% ethanol i n  chloroform system. 

were needed i n  l a r g e  amounts and without impuri t ies  f o r  animal 

carcinogenicity t e s t i n g .  

Quantit ies of 10 - 40 g were 

These compounds 

A team a t  St. Louis Univ. School of Medicine used preparative 

LC t o  purify a s t e r o i d  from carp b i l e ,  5d-anhybrocyprino1, i n  gram 

quan t i t i e s  t o  t h e  extent t h a t  they were ab le  t o  c r y s t a l l i z e  it f o r  

the first time. Two systems Were used, 1:14 methano1:chloroform 

and 1:l acetone:benzene. The substance is  used a s  a s t a r t i n g  

material f o r  t he  synthesis  of  various 50(-steroids (28). 
There a re  more examples t h a t  could be c i t e d ,  but these should 

su f f i ce  t o  show the  parameters one may expect t o  f ind  on silica i n  

a compressed bed. Where so lu t e  func t iona l i t y  is l imi t ed ,  f inding 

a separation is usually f a i r l y  straightforward. 

generally a r e  found when the  differences between so lu t e  components 
a re  very small. 
more work w i l l  of ten be needed i n  developing the proper modifiers. 

The exceptions 

Where the re  Is a multitude of f u n c t i o n a l i t i e s ,  

Alumina Chromatoarauhy 

Once at  the height of s t e r o i d  chemistry, alumina was as popu- 
Nou one scarcely hears mention of lar,  i f  not more so, as s i l i c a .  

it and, i n  f a c t ,  may be hard pressed t o  f ind  suppl iers  of it. Many 

researchers claim it is too a c t i v e ,  binding materials i r r eve r s ib ly .  
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PREPARATIVE LIQUID CHROMATOGRAPHY. I. 16 9 

While t h i s  has  o c c u r r e d ,  t h e r e  is l i t t l e  modern evidence t h a t  t h i s  

is any  d i f f e r e n t  from e f f e c t s  of  h i g h  a c t i v i t y  si l icas.  The r o l e  

of  v a r i o u s  m o d i f i e r s  h a s  r e c e i v e d  very  l i t t l e  r e s e a r c h ,  and  it can  

not  be s a i d  t h a t  a l u m i n a ' s  a d s o r p t i v e  p r o p e r t i e s  a r e  u n c o n t r o l l a b l e .  

There  have been no r e p o r t s  i n  t h e  l i t e r a tu re  of p r e p a r a t i v e  

LC u s i n g  compressed alumina beds. However, s e v e r a l  y e a r s  ago Waters 

A s s o c i a t e s  made a few exper imenta l  a lumina PrepPAKs a v a i l a b l e ,  two 

of which we r e c e i v e d  f o r  e v a l u a t i o n .  S i n c e  B r i s t o l  L a b o r a t o r i e s  

markets  mitomycin C,which is t r a d i t i o n a l l y  p u r i f i e d  by a lumina  

chromatography, we s t u d i e d  t h e  s e p a r a t i o n  o f  t h i s  a g e n t  f rom mito- 

mycin A ( c f .  F i g .  7 ) ,  u s i n g  some s i d e  f r a c t i o n s  from a commercial 

r u n  (29) .  
I n  e v a l u a t i n g  systems on a L i c h r o s o r b  Alox T ,  10 b ,  ( E .  Merck) 

column we found t h a t  r e s o l u t i o n  was poor u n t i l  water was added t o  

t h e  sys tem,  much i n  t h e  same way as our  e x p e r i e n c e  w i t h  a n t i t u m o r  

a g e n t s  on s i l i c a .  

methylene chlor ide:&-propanol :  water  sys tem,  mitomycin A e l u t i n g  

near  t h e  f r o n t  ( k '  3 1.0) and mitomycin C b e i n g  w e l l  r e t a i n e d  ( k '  = 

3 . 8 ) .  

E x c e l l e n t  s e p a r a t i o n  was found i n  a 92 :8 :0 .5  

T h i s  system t r a n s l a t e d  smoothly t o  t h e  p r e p a r a t i v e  r u n .  

I n  e x p l o r i n g  some o t h e r  sys tems having  methanol as t h e  polar 

m o d i f i e r ,  we had a r a t h e r  c u r i o u s  exper ience  w i t h  t h i s  mixture. 
The r e s o l u t i o n  of  the two mitomycins was q u i t e  good, but  n o t i n g  a 

f i s h y  odor  t o  t h e  methanol b e i n g  u s e d ,  we r e p l a c e d  t h i s  wi th  another  

l o t  f rom t h e  same s u p p l i e r .  

t e d  s i g n i f i c a n t l y .  

of ammonia t o  t h e  system, 

Immediately t h e  r e s o l u t i o n  d e t e r i o r a -  

It  was r e s t o r e d  by a d d i n g  a small c o n c e n t r a t i o n  

FIGURE 7. General  s t r u c t u r e  of  t h e  mitonycins. For mitomycin A 
R = CH3O; f o r  mitomycin C ,  R = H2N. 
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170 NETTLETON 

Neutral alumina is not normally thought t o  have ac id i c  func- 
Furthermore, t he  nitrogens on the  mito- t i ons  l i k e  the s i l a n o l s .  

mycins a r e  not very basic.  

mitomycin C is ac tua l ly  a vinylagous amide and behaves a s  one. 

One has t o  believe that the re  a r e  a l o t  of  f a sc ina t ing  things yet 

t o  be learned about alumina chromatography. 

I n  f a c t  the quinone amino function of 

Reverse Phase Chromatography 

J u s t  i n  recent years t h e r e  has been an enormous surge of 

i n t e r e s t  i n  and use of reverse phase packlngs. 

extending t o  the preparative area. 
reported has been on octadecyls l lyl  (ODs) bonded s i l i c a s ,  but w i t h  

a va r i e ty  of bonded supports becoming avai lable  i n  bulk form one 

can expect a broadening of t h e  scope of t he  whole area.  

This is quickly 

To date  almost a l l  t h e  work 

Reverse phase chromatography is pa r t i cu la r ly  valuable f o r  

mater ia ls  having only water s o l u b i l i t y .  A New Zealand group has 
purlf f ed an underivatized t e t r apep t ide ,  L-leucyl-glycyl-glycyl- 

glycine in up t o  10 g l o t s  using a degassed 95 :5 :0 .5  water:metha- 

no1: t r i f luoroacet ic  ac id  system. 

t i c a l l y  (30). 

which must play a r o l e  i n  the retent ion of t h i s  compound. 

pept ides ,  and even .some proteins ,  assume conformations whereby 
t h e i r  polar function bond i n t e r n a l l y  t o  one another,  thus causing 

the ,molecu la to  present a r e l a t i v e l y  l i p o p h i l l c  ex te r io r .  

not s u f f i c i e n t  t o  make them solvent soluble ,  but it seems l i k e l y  

that t h i s  would enhance t h e i r  r e t en t ion  on a reverse phase adsor- 

bant. Insofar as the  porosi ty  of the packing allows, one might 

expect reasonable re tent ions of such compounds, provided they a r e  

s t a b l e  i n  the systems used. 

The peptlde was prepared synthe- 

Leucine, t he  N-terminal amino ac id ,  has an a l i p h a t i c  chain 

Many 

This 1s 

Nakanishi's group the d i r e c t  pu r i f i ca t ion  of t he  insect  a n t i -  

feedant sesquiterpenes,  schkuhrins I and 11, d i r e c t l y  from 

ex t r ac t s  of t he  whole p l an t ,  Schkuhria pinnata (31). 
methano1:water system was used, 6 . 6  g of crude material  being run 
on 1 kg ODs bonded s i l i c a ,  20 9. 

methanol 

A 53:47 
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H. J. Segall  of t he  Univ, of Ca l i fo rn ia  has reported the  

preparative i so l a t ion  of pyrrol iz idine a lka lo ids  from Senecio vul- 
p i s ,  these being a common cause of l i ves tock  poisoning (32) .  

In  a 60:40 methanol:0.005 M KHzP04 (pH 6 . 3 )  system r e t r o s i n e  e lu t ed  

first followed by seneciphylllne and senecionine which were resolved 
by recycle i n  a r a t h e r  elegant process. 

A team at  Mississippi S t a t e  Univ. separated several  dyes inclu-  

ding Rose Ben& i n  the form of the  potassium o r  sodium salt and 
rhodamine B nhich e x i s t s  as an iminium szlt (33).  
ionized species is yet another valuable po ten t i a l  f o r  preparat ive 

reverse  phase chromatography. 

The  separat ion of 

The cost  and a v a i l a b i l i t y  of bulk quan t i t i e s  o f  reverse phase 
packings have been a drawtadc t o  advances in t h e i r  preparative use. 
However, as noted a t  the beginning of t h i s  s ec t ion ,  t he  s i t u a t i o n  
is changing, and one can expect much greater progress i n  t h i s  a r ea  

i n  t h e  near fu tu re .  

Gel Permeation Chromatoaaphy 
I n  t h i s  a r ea  one can only speculate s ince  the re  are no r i g i d  

packings ava i l ab le  i n  bulk with which t o  a t t empt  preparative mole- 

s i z ing ,  I n  the  sec t ion  discussing the  scope and l i m i t a t i o n  of the  
operation of preparative LC,I commented on the  control led pore s i z e  
glass beads once marketed by Corning and current p o s s i b i l i t i e s  ftir 
control led p r e  s i z e  silicas. These may yet  bear f r u i t .  

FUTURE POTENTIALS 

One can speculate a great  deal  on w h a t  t he  f u t u r e  w i l l  bring, 
and i n  f a c t  I have already included some of t h i s  type of thought 

i n  previous sect ions.  

put i n t o  preparative systems o f  a l l  kinds w i l l  increase.  
phases w i l l  o f f e r  many unusual propert ies  f o r  adsorbants and pre- 
sumably more uniform ones. Smaller p a r t i c l e s  and higher pressures 
w i l l  also be i n  the  p i c tu re ,  but only as far as t h e  pressures  can 

be handled sa fe ly  and the advantages make it worth while. 

Certainly t h e  va r i e ty  of things that one can 
Bonded 
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172 NETTLETON 

It seems un l ike ly  that a d d i t i o n a l  ways t o  compress beds w i l l  

be found, t h e r e  being a geometrical  l i m i t  t o  t h i s  s o r t  of t h ing .  

Ce r t a in ly  sphe r i ca l  packings should l a r g e l y  r ep lace  i r r e g u l a r  ones. 

Large con t r ibu t ions  t o  all prepa ra t ive  chromatography w i l l  

come from t h e  phys ica l  and phys ica l  o rganic  chemists s tudying  i t s  

processes.  

l e a r n  t h e  mechanics of su r face  i n t e r a c t i o n s  under over load ,  s ince  

t h i s  w i l l  a l low t h e  design of su r faces  s p e c i f i c a l l y  f o r  p repa ra t ive  

work. 

Major b e n e f i t s  w i l l  be reaped when t h e s e  r e sea rche r s  

I could specu la t e  f u r t h e r  and probably at excess ive  l e n g t h ,  

but I f e e l  t h i s  might bes t  be l e f t  f o r  t h e  end of t h e  second part 
of t h i s  review. Af t e r  a l l ,  compressed beds axe  on ly  one f a c e t  of 

t h i s  a r e a  of r e sea rch  and production. 
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