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HIGH-PRESSURE LIQUID CHROMATOGWHIC SEPARATION OF 
DIPHENHYDRAMINE AND SOME OF ITS METAROLITES : 

EFFECTS OF ELUENT SALT CONCENTRATION ON 
CHROMATOGRAPHIC CHARACTERISTICS 

M.L.E. Bergh and J. de Vries 
Department of Medicinal Chemistry, 

1081 HV Amsterdam (The Netherlands). 
Vrije Universiteit 

ABSTEUCT 

With appropriate variation of the pH, alkali halogenide 
concentration and cation and/or enion species in the aobil? ?nsse 
(mixtures of water and nethanol), it was possible to resolve 
di?nenhydr&ne, 3-desmethyldiphenhydramine , i? ,N-didesmethyldi per.- 
hydramine, benzhydrol, benzophenone and 2-methyldiphen5rlmet~o~~ 
acetic 3cid on a reversed-phase colum. The retentio? volumes of 
the three mines decreased by increasing the following ?ar=r?eters : 
s a l t  -oficeatration, methanol concettration and cation snd/;r anic7. 
size. The retention volumes of the other compounds were rot 
influenced. The good separation and the sim?licity m a k e  thl.; 
serhoa attractive for use ir. neta5olism studies. 

An anaiytical proczdurz, commocl;. used :'cr The detr-rnici:ior. 

of diphenhydramine and other antihistamines, involves solvent 
extraction followed by gas liquid chromatography (1-L). For meta- 
jo l i s rn  studies, however, this tachzique is l e s s  s u i z a t l e .  tmnr 

diFhennydramine netabolites, e.g. the N-oxide ( 5 j ,  are rather 
thermola5ilt , arid others sucn as iighenylrnethoxy s c r z i c  n:ii ars  

the conjugation products are not volatile enough. 
In the present study high-pressure liquid chromatograpby 

(2IL.C) was tried in attempting to devise a procedure by wkich the 

above objections are met. 
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1174 BERGH AND DE VRIES 

I n  the  l i t e r a t u r e  dea l ing  with HPLC a l a r g e  v a r i e t y  of  l i q u i d  

chromatographic modes has been repor ted ,  even i f  one conf ines  tS 

compounds which a r e  nore o r  l e s s  s t r u c t u r a l l y  r e l a t s d  t o  dipoen- 

hydramines. h o x  and Jurand ( 6 1  descr ibed  t h e  sepa ra t ion  of 

catecholamines and t h e i r  metabol i tes  us ing  a d s o q t i o n  chromats- 

graphy, ion-pair  chromatography and soag chromatsgraphy. I n  fr.e 

f i r s t  case they  not iced  the  problem of  i r r e v e r s i b l e  a d s o r g t i m .  

This might soon impair t h e  columr,. Ion-pair  chromatography ususll;r 

r equ i r e s  an organic so lvent  as mobile phase. This  necess i sa t e s  

ex t r ac t ions  of t h e  compounds t o  be analyzed from body f l u i d s ,  

b r ing ing  about t h e  r i s k  o f  loss o r  rearrangement o f  n e t s S o l i t t o  

during ana lys i s .  When t h e  mobile phase i s  o f  t he  aqueous ; p e ,  
t h e  body f l u i d  can be i n j e c t e d  d i r e c t l y  onto the  column ( a f t e r  

dep ro te in i za t ion )  . Therefore,  i n  gene r s l ,  311 3odes r%:ti;ring 51 

organic mobile phase a r e  less s u i t a b l e  r'sr dr-13 metabolism s:zi<,>=, 

Soap chromatography seemed t o  be very promising, bur ir. t.t+ cn_.j;- 

. .  

J.? l o w  decorgent m n c e n t r z t i s c s  i: 523 :k.t disai---*--- a x., ,A% -2 ~. : ! :z:  

e lu t ion  ord+r  will ComplttPl;: j2 ~ t : a ~ ~ ~ : :  ~2 *rar;:: - L A +  - - -! *...- 3 i->- 1 :- . - .. ~ + 
concentration. Espec ia l ly  i n  s t u d i e s ,  where thP comGour.ds t o  ir' 

se3arated a r e  uzlinown, f h i s  csn c m s i  aer i su ;  ; roX?ns .  

Ion exchange chrona;ograpt:jr can .z5 cons i ' l e r* i  1 s  -*-?LL. 7,r ; : : :  i:: 

e t  al. ( 7 )  descr ibed  t h e  use of  This mode f o r  i rug ansl j i s i j .  

Hovever, simultaneous sepa ra t i cn  of x e t a b o l i t e s  car. 34 very 

complex, as n e u t r a l  components w i l l  e l u t e  wi:h t h e  so lvent  ?i-o~.-. , 
and t h e  e l u t i o n  p a t t e r n  of weak a c i d i c  and bas i c  onss can ~ark?C: :  

b e  influenced by changes i n  pi! aiid ion ic  s t r eng th .  Ir :+.? z?yzrs- 

t i o n  on an oc t adecy i s i l ane  s t a s i o m r j  ?base severs1  nx?:sc<x.; ~ 2 : -  

be involved. In  a scvudy on the  e f f e c t  of e luen t  aa l i :  C O ? . C S C ~ ~ Z Y ~ ~ L  

on the  chromatographic p rope r t i e s  of bas ic  CORDTJIY~S a s h <  I-Y. 

octadecyls i lane  s t a t i o n a r y  phase (wi th  665 unaerLvatized silacGL 

groups) and aqueous ae thanol  mobile phases Sugden ~t sl. ( 2 )  
observed t h a t  next t o  l i qu id - l iqu id  p a r t i t i o n i n g  sa l t ing-out  

effects, ion-pair  formation and ion  exchange - although reiativel; .  

hi&! e l e c t r o l y t e  concent ra t ions  were used - played a rcde i n  :h= 
r e t en t ion .  Tu i t che t t  and Xoffat ( 9 )  evaiua ted  t h e  ~ s e  o f  sn 
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HPLC SEPARATION OF DIPHENHYDRAMINE 1175 

octadecylsilane stationary phase (a uBondapak C,8 c o l m )  for 

analysis of drugs. 
efficiency. Xowever, it should be noted that these authors used 
eluents containing 25mN phosphate buffer. Assuming that only 
15 of the silanol groups are underivatized , it is most l i k e l y  that 

at this h i g h  ionic strength the ion-exchange characteristics have 
cozplrtely been suppressed. 

For basic drugs they found a poor column 

t 

The purpose of t h e  present work was to investigate the useful- 

ness of the ion-exchange properties of octadecylsilane ?or r h e  

separation of diphenhydramine and the following (possible) meta- 
bolites : 2-aesmethyldiphenhydramine, N,N-didesmethyldiphenhydra- 

Kifie, benziiydrol i diphenylmethancl ) and benzophenone’, U S ~ R ~  

aqueous aethanol mobile phases and electrolyte concentritions 
1 m e r  thar. ,-olrmoril;. used i n  revcrsei-phase c:-.romatogrz~;:i!:.-. 

- p - , : . .  

x 2-::ttnjriiii3nenjiL?ethoxy acetic acid was addeci to t h i s  series. 
____... of the manufacturer. 

.. ,nsubstit-atea diphenylmethoxy acetic acid was not s-iaiisk;?. 
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1176 BERGH AND DE VRIES 

S o l v e n t s  and chemica ls  

The mobile  phase c o n s i s t e d  o f  a mixture o f  methanol  and 

d i s t i l l e d  water (78/22  o r  85/15 ( V / V ) ) ,  c o n t a i n i n g  N a C 1 ,  N a B r ,  

NaF, K C 1  o r  L i C l  i n  several c o n c e n t r a t i o n s  (0 - 3.42 m M ) .  

Xethanol  and t h e  i n o r g a n i c  salts were of a n a l y t i c a l  grade.  

Diphenhydramine, N-desmethyldiphenhydramine, N,!l-didesmethyl- 

diphenhydramine, benzydro l ,  benzophenone and 2-methyldiphenyl- 

methoxy a c e t i c  a c i d  came from t h e  l a b o r a t o r y  s t o c k .  

Sample p r e u a r a t i o n  

I n j e c t i o n  samples were p r e p a r e d  by  d i s s o l v i n g  t h e  p a r e n t  

compound and t h e  m e t a b o l i t e s  i n  methanol-water m i x t u r e s .  Sample 

s o l v e n t s  and e l u e n t s  had always t h e  same composi t ion .  

7 :  - 3 * 
I I .  shows a s u c c e s s f u l  and r e g r o d u c i S l e  sp?zr3-,13:: 2:. 

.. ~ diphenhydramine, :om? o f  i t s  metabolites, 5enzoFi:c2= 2 ?:c=:- -I_-- - 
groduct  o f  43-daaikylation nex? t o  benzhydrol i  o-nd 2-!n=zk;Lii;?.+ 

z y h e t h o r g  a c e t i c  s c i d  - s m e t a b o i i t e  or' o r y c e n i d r l - 5 ,  3 

i c r i v a t i v e  o f  dipnenhydramine -. ? h i s  vas Produced 1;. 7 5 -  

methanol i n  1.71 mM aqueous sodium c h l o r i d e  a d j u s t e d  t o  gE 7 . : .  

S i n c e  i t  was supposed ?ha t  i o n  exchange was i n v o l v e i  i n  ::is 
s e p a r a t i o n ,  s p e c i a l  a t t e n t i o n  h a s  been p a i d  t o  t h e  e f f 5 C Z i  sr' ~ 3 ,  

i o n i c  s p e c i e s  and s a l t  c o n c e n t r a t i o n  o f  t h e  n o b i l e  pkasr JC 

shromatograpnic  behavior .  

?he r e t e n t i o n  times o f  t h e  three amines w e r P  c l e a r l y  a f f a c ? e i  

by t h e  pH. 

a d j u s t e d  t o  pH = 3 ,  t h e  amines e l u t e d  w i t h  t h e  f r o n t .  

' h e n  u s i n g  a n  unbuffered  78/22 methanol /wacer  e lueni  
At 9% = 7 

* All exper imenta l  results combined, t h e  s t a n d a r d  d e v i a t i o n  i n  
t h e  r e t e n t i o n  time l ies  w i t h i n  t h e  r m g e  0.55 and 3.33 p e r  

c e n t  o f  t h e  mean. The s e p a r a t i o n  w a s  Derformed twecty  times. 
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WLC SEPARATION OF DIPHENIIYDRAMINE 1177 

( sane  r? .e thanoi /vater  r a t i o )  t n e  amines d i d  n o t  ? l u t e  a t  511. 

Sowever, when a t  t h i s  pi; sodium c h l o r i d e  w a s  added t h e  mines 

e l u t e d .  
3. ,ne r e t e n t i o n  volumes of t h e  amines decreased  by i n c r e a s i n g  

t h e  f o i l o w i n g  p a r a n e t e r s  : a l k a l i h a l o g e n i d e  c o n c e n t r a t i o n  ( F i g .  2 ) .  

caz ion  a d o r  acion r a d i u s  ( F i g s  3 and L )  ( t h e  first of -dhi:h w i t h  
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L 
1.0 2.0 3.0 4.0 - NaCl (mM) 

Fig. 2 -Zfec% of e luen t  s o d i m  chlor ide eonce r - r r z r lx  3:. ?e::z:::r 

volumes of  diphenhydramine ( ) , 8-desme'hylii~nfnnyarr?:ir,i  

( ) and N ,N-didesmethyldi?hishydraine ( 0 j .  

15 

LlCl NaCJ KCI 
3.42mM 171mM 3 4 2 m M  171mM 342mM 171mM 

1 

E - 
,a 10 

1 5  

0 

Fig. 3 -Effect of alkali c a t i o n  spec ie s  i n  e luen t  on re tenxion  

volumes of  diphenhydramine ( l ) ,  N-desmethyldiphenbjdra!!ine 

( 2  ) and N ,N-didesmethyldipnenhydramine ( 2 ) . 
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HPLC SEPARATION OF DIPHENHYDRAMINE 

NaF NaCl NaBr 
3 4 2 m M  17tmH 3 4 2 m M  1.7lmM 3.42mM 17tmM 
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- - 
E - 
P 1 0 -  

1 5 -  

0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1180 BERGH AND DE VRIES 

( F i g .  4). Ion-pa i r  format ion  might b e  c o n s i d e r e d  t o  be opc.r=tcv?. 

The observed  d e c r e a s e  o f  re tenZion  volume by i n c r e a s i n q  a n i o n  5i-C 

is compat ib le  w i t h  t h e  o b s e r v a t i o n s  of Zvsns and XstesZck ! : 2 )  m s  

found t h a t  t h e  a s s o c i a t i o n  c o n s t a n t s  or' some t - . t r3sLZJ~lmx!oni~m 

halogsnides  i n  hydrogen-bonding solvenc;  i n c r e s s e a  k r,Xe sri=r 

21- < 3r- I-. A d d i t i o n a l  e v i d e s c e  f o r  91: i o n - p a i r  z e c n ~ . : ~  :ias 

che f i n d i n g  t h a t  r e t e n t i o n  volumes o f  t h e  m i n e s  d e c r s s s s d  ' 

by r a i s i n g  t h e  methanol c o n c e n t r a t i o n  fron? 78 to 85: i:: = -, 52- 
d i m  c h l o r i d e  c o n c e n t r a t i o n  = 1.71 !?t:!). ., sixilsr  9i.2r.mer.c;: 1.i %s 

observed by Sugden e t  al.  ( 8 ) .  

, .  

The p r a c t i c a l  advantage  of  :he Fher.cmer.a l e s c r i b e d  l j  3.c- r i f .x  : 

she r e t e n t i o n  volunes o f  the i i p h ? n h y i r s m i n e s  can  be -hac;~i ->::-.er. 

n e c e s s a r j ,  e .g .  when peaks of  o t h e r  s e t a b o l i t e s  (conjugat la? .  :r2- 

duct;, h y d r o x y l a t x i  co;npoiir,Cis s t c .  ; give  ;-re.r:q,  ,sr Y?.+:-. ?- :?.:r::? 

sca;;.si; zize is r?i-uireg.  . .  
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