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4-BROMOMETHY L-7-M ETHOXY COUMARI N 

HUGUETTE COHEN' AND 

Laboratory Services Division 
Food Production & Inspection Branch 

Agriculture Canada 
Building No. 22, C.E.F. 

Carling Avenue 
Ottawa, Ontario, Canada 

BERNADETTE BOUTIN-MUMA 

ABSTRACT 

A high-performance l i q u i d  chromatography method f o r  Fus i l ade  has been 
developed which u t i l i z e s  4-bromomethyl-7-methoxycoumarin t o  p r o v i d e  d e r i v a t i v e  
f o r  h i g h - s e n s i t i v i t y  d e t e c t i o n .  The reagent r e a c t s  w i t h  Fus i l ade  t o  form a 
f l u o r e s c e n t  d e r i v a t i v e  which i s  separated on a RP-18 column (5 urn) anddetected 
a t  ex:  325 nm, em: 395 nm. F u s i l a d e  can be determined i n  t h e  range o f  a t  l e a s t  
1 nmol, w i t h  t h e  d e t e c t i o n  l i m i t  a t  0.5 ng. 

INTRODUCTION 

F1 uaz i  f op -bu ty l  , (RS) b u t y l  2-[4- ( 5 - t r i  f l  uoromethyl-2-pyridyloxy)phenoxy]- 

prop iona te  i s  t h e  a c t i v e  i n g r e d i e n t  o f  t h e  h e r b i c i d e  F u s i l a d e  and t h e  s t r u c t u r e  

i s  presented i n  Fig, l a .  Fus i l ade  i s  a h i g h l y  s e l e c t i v e  systemic post  emergence 

grass h e r b i c i d e  f o r  use i n  b r o a d l e a f  crops (1,2,3). It i s  r a p i d l y  hyd ro l yzed  i n  

t h e  environment t o  t h e  corresponding ac id :  2-[4- ( 5 - t r i  f l  u romethy l -2 -py r idy l  oxy) 

phenoxy]propionic a c i d  (F ig .  l b )  o r  F l u a z i f o b .  

Most o f  t h e  methods f o r  de te rm ina t ion  o f  F l u a z i f o p - b u t y l  and F l u a z i f o p  have been 

developed f o r  vegetables and fo rmu la t i ons .  Gas l i q u i d  chromatography (GLC) and 
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314 COHEN AND BOUTIN-MUMA 

Fig. l a  Fluazifop-Butyl 

Fig. 1 b Fluazifop Fusilade 

CH2Br 

I 

Bromo Methyl Coumarin (BrMmc) 

Fig. Ic Fluazifop-Methyl Coumarin ester 
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DETERMINATION OF FUSILADE 315 

h i g h  performance l i q u i d  chromatography (HPLC) a r e  t h e  most commonly used method. 

Several methods have been r e p o r t e d  for t h e  HPLC d e t e r m i n a t i o n  o f  F l u a z i f o p - b u t y l  

o r  F1 uaz i  f o p - b u t y l  and F1 uaz i  f o p  p l  us con juga ted  e s t e r s  t h r o u g h  h y d r o l y s i s  o f  

a l l  compounds t o  F l u a z i f o p .  

an UV d e t e c t o r  can be used. Format ion of v a r i o u s  f l u o r e s c e n t  d e r i v a t i v e s  f o r  

l i q u i d  chromatography a r e  known f o r  t a g g i n g  ac ids ,  p r imary  amines and ca rbony l  

compounds ( 8 , 9 ) .  

The p resen t  paper dea ls  w i t h  t h e  development o f  a d e r i v a t i z a t i o n  method 

These procedures do n o t  r e q u i r e  d e r i v a t i z a t i o n  and 

u s i n g  4-bromomethyl-7-methoxycoumarin as a f l u o r e s c e n t  agent f o r  t h e  d e t e c t i o n  

o f  Fus i lade.  The d e r i v a t i z a t i o n  o f  t h e  c a r b o x i l i c  a c i d  ( F u s i l a d e  a c i d )  has t o  

be c a r r i e d  ou t  i n  w a t e r - f r e e  a p r o t i c  s o l v e n t  such acetone t o  which 18-crown-6 

e t h e r  and potass ium hydrogen ca rbona te  have been added t o  i nc rease  t h e  r e a c t i o n  

r a t e  (10,11,12). 

MATERIALS AND METHODS 

M a t e r i a l s  

F u s i l a d e  a c i d  (99% p u r i t y )  was a g i f t  from I C I ,  Chipman; (Stoney Creek, 

Ont., Canada). 4-Bromomethyl-7-Methoxycoumarin, 16-Crown-6 e t h e r  were purchased 

f rom A l d r i c h  Chen. Co. (Milwaukee, W I ,  U.S.A.). Potassium hydrogen Carbonate 

reagen t  grade was purchased f rom J.T. Baker (Ottawa, Ont., Canada). De ion ized  

and d i s t i l l e d  water  was used. Acetone, hexane, e t h y l a c e t a t e  a c e t o n i t r i l e  were 

s u p p l i e d  b y  J.T. Baker (Ottawa, Ont., Canada), i so -oc tane  was s u p p l i e d  by  

Caledon L a b o r a t o r i e s  (Georgetom, Ontar io ,  Canada). A l l  s o l v e n t  used f o r  HPLC 

a r e  HPLC grade, o r  a n a l y t i c a l - r e a g e n t  grade. 

F i l t e r  t i p :  cone TM sy r inge ,  0.45 urn Nylon 6 6 - F i l t e r  (CSC-Montreal-Canada). 

I ns t rumen ts  

A Perkin-Elmer Ser ies 4 L i q u i d  Chromatograph M ic rop rocesso r -Con t ro l l ed  

s o l v e n t  D e l i v e r y  System and ISS-Sampling System were employed. The system was 

equipped w i t h  a guard Column (RP-18 packed) a long  w i t h  an RP-18 HPLC Column 
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316 COHEN AND BOUTIN-MUMA 

( 2 5  on, 5 urn), a Pe rk in -E lmer  LS-4 prograininable f l u o r e s c e n c e  d e t e c t o r  and an 

i n t e g r a t o r / r e c o r d e r  Spec t ra  Phys i cs  SP 4270. E x c i t a t i o n  wave leng th  was s e t  a t  

325 nni and e m i s s i o n  a t  395 nin. 

Thermospray L i q u i d  Chromatog raph ic  - Mass Spec t romet ry  was used t o  i d e n t i f y  

t h e  d e r i v a t i z e d  s t a n d a r d .  The HPLC was i n t e r f a c e d  w i t h  a F i n n i g a n  FIAT 

the rmospray  p robe  t o  MAT-90 r i a g n e t i c  s e c t o r  ( B / E )  qass  s p e c t r o m e t e r  ( F i n n i g a n  

MAT, San Jose ,  CA). The mass s p e c t r o m e t e r  was o p e r a t e d  a t  r e s o l u t i o n  o f  1000 

and 5000 f o r  b o t h  m a g n e t i c  and e l e c t r i c  scann ing  and f o r  m u l t i p l e  i o n  d e t e c t i o n  

( M I D ) .  The e l e c t r o n  m u l t i p l i e r  was e i t h e r  o p e r a t e d  a t  1.7 o r  1.8 K V .  Source  

t e m p e r a t u r e  was i n i t i a l l y  s e t  a t  240°C f o r  t h e  f i r s t  d i r e c t  l o o p  s t u d i e s  h u t  a l l  

co lumn and sample work  were c a r r i e d  o u t  a t  250°C. 

P r e p a r a t i o n  o f  t h e  S t o c k  S o l u t i o n s  

I n  a s e a l e d  a n b e r - c o l o n r e d  f l a s k  4-Bromomethy l -7-Methox~coumar in  ( B r M C )  

r e a g e n t  was added t o  ace tone  a t  l e v e l  of S mg/mL (19 inM) and h e a t e d  a t  ca.  5O0C 

f o r  5 in in.  t o  c o m p l e t e l y  d i s s o l v e  t h e  coinpound. The 18 -c rown-6 -e the r  s t a h l e  a t  

room t a n p e r a t u r e  was d i s s o l v e d  i n  ace tone  a t  a c o n c e n t r a t i o n  o f  3 ing/mL 

(11 .6  nM). 

5 rnM. A l l  s o l u t i o n s  were s t o r e d  a t  4°C. The amount o f  Po tass ium hyd rogen  

Carbona te  2 ,5  t o  5.0 mg was  s e l e c t e d  i n  t h i s  p r o c e d u r e .  

The f u s i l a d e  s o l u t i o n  i n  ace tone  was p r e p a r e d  a t  a c o n c e n t r d t i o n  o f  

D e r i v a t i z a t i o n  P r o c e d u r e  

l 0 p L  Volume o f  F u s i l a d e  s o l u t i o n  was added t o  a sma l l  sc rew cap 

c h r o m a t o g r a p h i c  v i a l  (1.5 rnL) c o n t d i n i n g  9 1 S p L  o f  a c e t o n e .  

wrapped t o  a l l o w  t h e  r e a c t i o n  t o  proceed  i n  t h e  d a r k .  To t h i s  was s u c c e s s i v e l y  

added 3U ) i L  o f  t h e  18-crown e t h e r  s o l u t i o n ,  S my o f  p o t a s s i u m  hydrogen c a r b o n a t e  

and 40  P L  o f  UrFhc. 

a d d i t i o n .  The v i a l  was t i g h t l y  capped and hea ted  a t  70°C f o r  20  min .  The 

r e a c t i o n  was s topped  b y  p l a c i n g  t h e  r e a c t i o n  m i x t u r e  i n  d r y  i c e .  

The v i a l  was 

The r e a c t i o n  m i x t u r e  was s t i r r e d  t h o r o u g h l y  a f t e r  edch 
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DETERMINATION OF FUSILADE 317 

P u r i f i c a t i o n  

a)  P a r t i t i o n :  To t h e  cooled r e a c t i o n  in ix ture,  2 mL o f  d i s t i l l e d  water was added 

and t h e  m i x t u r e  was p a r t i t i o n e d  w i t h  2 X 1 mL o f  iso-octane.  The 

iso-octane phases were combined, evaporated t o  1 mL volume t h a t  was e i t h e r  

i n j e c t e d  i n t o  t h e  HPLC a f t e r  f i l t r a t i o n  ( t i p  f i l t e r )  or  p u r i f i e d  f u r t h e r  

w i t h  SPE column. 

b )  Diol-SPE E x t r a c t i o n  coluinn 

The iso-octane phase c o n t a i n i n g  t h e  d e r i v a t i z e d  product  was t r a n s f e r e d  i n t o  

a diol-SPE column which was p r e v i o u s l y  c o n d i t i o n e d  w i t h :  5 mL HCC13/MeOH 

( 7 0 + 3 0 ) ,  5 mL o f  i so -oc tane  and, l a y e r e d  w i t h  anhydrous sodium s u l f a t e .  An 

a d d i t i o n a l  3 mL o f  i so -oc tane  was added t o  t h e  column, f o l l o w e d  by 14 mL o f  

e thy lace ta te /hexane  (95+5) ,  each f r a c t i o n  was d iscarded.  The product  o f  

d e r i v a t i z a t i o n  was then e l u t e d  from t h e  column u s i n g  5 X 2 mL 

e thy lace ta te lhexane  ( 7 5 + 2 5 ) ,  which was c o l l e c t e d ,  evaporated t o  dryness, and 

t h e  res idue  d i s s o l v e d  i n  1 mL o f  mob i l e  phase. 

HPLC Separa t i on  

The mob i l e  phase cons is ted  o f  methanol/water (75+25). A pre-column packed 

w i t h  t h e  same m a t e r i a l  was used as t h e  guard column. The f l o w  r a t e  was s e t  a t  

1 mL/min and 1OpL o f  t h e  sample was i n j e c t e d .  

w e l l  separated froin t h e  reagent  peaks a t  a r e t e n t i o n  t i m e  o f  12.0 min .  

A l l  chromatographic ope ra t i ons  were c a r r i e d  out  under ambient c o n d i t i o n s .  

The d e r i v a t i z e d  Fus i l ade  was 

RESULTS AND DISCUSSION 

The separa t i on  o f  t h e  bromomethyl -7-methoxy-coumarin d e r i v a t i v e  o f  

F u s i l a d e  (F ig .  l c )  was s tud ied  on t h e  reverse-phase column u s i n g  methanol and 

water o r  t h e i r  m i x t u r e s  as mob i l e  phase. The hes t  separa t i on  o f  t h e  d e r i v a t i v e  

was achieved on a RP-18 column w i t h  an i s o c r a t i c  e l u t i o n  u s i n g  methanol/water 

(75+25). 

f luorescence e x c i t a t i o n  (325 nrn) and emiss ion ( 3 9 5  m ) .  

The change i n  c o n c e n t r a t i o n  o f  methanol had no e f f e c t  on t h e  
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318  COHEN AND BOUTIN-MUMA 

Concentration of BrMmC 

\ I 

Volume of BrMmc, (1.11) 

3 mg/ml + 5 mg/ml 0 8 mg/ml 

FIGURE 2 E f f e c t  o f  4-Bromethyl-7-methoxy 
coumarin on t h e  r e a c t i o n  r a t e  of 
F u s i l a d e  E s t e r  (4.1 ng i n j e c t e d )  

The d e r i v a t i z a t i o n  r e a c t i o n  has been s t u d i e d  w i t h  respec t  t o  t h e  

c o n c e n t r a t i o n  v a r i a t i o n  o f  t h e  reagen ts  namely: BrMTic; crown-ether ;  po tass ium 

hydrogen carbonate,  arid o t h e r  parameters such a s :  s o l v e n t s  media; t e n p e r a t u r e  

and r e a c t i o n  t i m e .  

The d e r i v a t i z a t i o n  r e a c t i o n  was c a r r i e d  o u t  i n  d i f f e r e n t  s o l v e n t s  i n c l u d i n g  

acetone,  a c e t o n i t r i l e ,  d ich loro inethane and benzene. The r e a c t i o n  y i e l d  was v e r y  

good i n  acetone or  a c e t o n i t r i l e ;  b u t  i n  acetone t h e  r e a c t i o n  y i e l d  was s l i g h t l y  

h ighe r .  Very poor  y i e l d  was o b t a i n e d  w i t h  t h e  non p o l a r  s o l v e n t s :  

d i c h l  oromethane and benzene. 
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DETERMINATION OF FUSILADE 319 

590 

580- 

570- 

560- 

550- 

540- 

Temperature " C  

F I G U R E  3 E f f e c t  o f  temperature on t h e  r e a c t i o n  
y i e l d  o f  F u s i l a d e  Es te r .  

The s o l u b i l i t y  o f  B r h c  i n  acetone a t  room temperature was ca. 2.5 mg/mL. 

I n  t h i s  experiment, c o n c e n t r a t i o n  o f  5 mg/mL gave t h e  most i n t e n s e  peaks 

(F ig .  2 ) ,  b u t  a t  t h a t  c o n c e n t r a t i o n  i t  was necessary t o  heat  t o  ensure 

s o l u b i l i t y  a t  room tenpera tu re ,  t h e  s o l u t i o n  i s  s l i g h t l y  saturated.  18-Crown-6 

e t h e r  and potassium carbonate have been used t o  f a c i l i t a t e  t h e  d e r i v a t i z a t i o n  o f  

c a r h o x i l i c  a c i d  ( r e f  l o ) ,  h u t  cons tan t  peak h e i g h t  and a s t a b l e  d e r i v a t i z e d  

product  were ob ta ined  w i t h  potass ium hydrogen carbonate ( r e f .  1 2 ) .  The amount 

o f  KHC03 between 2.5 - 5 mg was se lec ted ,  t h e  maximum and cons tan t  peak h e i g h t s  

were ob ta ined  a t  18-crown-6 e t h e r  between 0.26 - 0.6 mM. 

The d e r i v a t i z a t i o n  r e a c t i o n  o f  Fus i l ade  occurs a t  l ow  t e n p e r a t u r e  h u t  

h i g h e r  temperature a l l owed  t h e  f l uo rescence  t o  develop r a p i d l y  (F ig .  3). 

However a t  80°C t h e  peak area decreased r a p i d l y  a t  h e a t i n g  t imes  o f  10 min. o r  

longer .  A t  70°C t h e  peak area o f  f u s i l a d e  d e r i v a t i v e  was maximal a f t e r  h e a t i n g  
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F I G U R E  4 

Time min 

E f f e c t  o f  t i m e  on t h e  R e a c t i o n  y i e l d  
o f  F u s i l a d e  E s t e r .  

f o r  20 min.  o r  l o n g e r .  Thus, h e a t i n g  f o r  20 rnin. a t  70°C was employed i n  

subsequent  work  ( F i g .  4 ) .  F u s i l a d e  c o n c e n t r a t i o n  as l o w  as  50 nM c o u l d  h e  

d e r i v a t i z e d  b y  t h e  p r o c e d u r e  d e s c r i b e d  above. 

d e r i v a t i z e d  f u s i l a d e  e s t e r ,  a t  4.1 n y  i n j e c t e d .  

F ig .  5a  shows a chromatogra in  o f  

P a r t i t i o n i n g  o f  t h e  r e a c t i o n  med ia  ( a c e t o q e )  w i t h  i s o - o c t a n e  gave 95% 

r e c o v e r y .  The F u s i l a d e  ( e s t e r )  i s  a l e s s  p o l a r  coinpound t h a n  a c i d  fo rm,  and as  

such i s  inore s o l u h l e  i n  i s o - o c t a n e  ( p a r t i t i o n ) .  F u r t h e r m o r e  some o f  t h e  

b y - p r o d u c t s  o f  t h e  r e a c t i o n  a r e  i n s o l u b l e  i n  i s o - o c t a n e ,  and p a r t i t i o n i n g  

r e s u l t e d  i n  p a r t i a l  p u r i f i c a t i o n  as shown i n  ( f i g .  5 b ) .  

By t h e  use  o f  t h e  SPE O i o l  co lumn inost o f  t h e  r e a g e n t  peaks were  e l i m i n a t e d  

( F i g .  5 c ) .  The r e c o v e r y  o f  t h e  e s t e r  i s  85%. 

The e s t e r  i n  t h e  m o b i l e  phase i s  s t a b l e  a t  room t e m p e r a t u r e  o v e r  a p e r i o d  o f  

24  hours .  
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DETERMINATION OF FUSILADE 321 

I I I I , I I 1 I 

1 2  3 4 5 6 7 8 9 1 0  1 1 1 2 1 3 1 4  

Time (Min.) 

FIGURE 5a HPLC Separat ion o f  Fus i l ade  e s t e r  
d e r i v a t i v e  o f  R r h C ,  HPLC c o n d i t i o n s :  
column RP 18, 5 Am, (25 X 4.6 crn I .D. ) ;  
mob i l e  phase, Methanobwater  75 :25  
i s o c r a t i c  f l o w  r a t e ,  1 mL/min. 
Temperature ambient; d e t e c t i o n ,  
e x c i t a t i o n  and emiss ion 325 um and 395 nm 
r e s p e c t i v e l y .  

I I I I 1 I I I 1 I I 1 1 

1 2  3 4 5 6 7 8 9 1 0 1 1  1 2 1 3 1 4  

Time (Min.) 

FIGURE 5b Separat ion o f  Fus i l ade  Ester  a f t e r  
p a r t i t i o n  w i t h  i s o t a n e  (see t e x t  f o r  
d e t a i l s ) .  Same chromatographic 
c o n d i t i o n s  as i n  f i g .  
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1 2 3 4 5 6 7 8 9 10 11 1 2 1 3 1 4  

TIME (rnin) 

F I G U R E  5 c  Fusilade E s t e r  a f t e r  p u r i f i c a t i o n  
t h r o u g h  SPE Oiol column. (See t e x t  f o r  
d e t a i l s ) .  Saine c .h romatograph ic  
c o n d i t i o n s  a s  f i g .  

TABLF 1 

CALIBRATION CUIIVt  UATR FOR F U S I L A D E  ESTER 

F u s i l  ade Peak Area C o e f f i c i e n t  
conc .  JIM i n  Reac t .  n f  V a r i a t i o n  % 

0.13 
0.25 
0.50 
1.25 
2.50 
5.00 

17673 5.42 
27462 5.13 
63148 5.06 
148399 6.11 
306510 3. 69 
577941 5.53 

Each va lue  i s  expressed a s  t h e  mean o f  4 r e p l i c a t e s  
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TABLE 2 

STABILITY OF FUSILADE ESTER I N  ACETONE AND 4OC 

Time Peak Area % Recovery 
min. 

0 

72 
48 

z i6az9  
195934 
227163 

100 
90 

100.4 

S t a b i l i t y  o f  t h e  D e r i v a t i v e  

The s t a h i l i t y  o f  t h e  r e a c t i o n  product  i n  acetone was i n v e s t i g a t e d  by 

keeping i t  a t  4°C over a p e r i o d  o f  /2 hours. The recove ry  i s  ve ry  h i g h  

( t a b l e  2 ) .  

C o n f i r m a t i o n  o f  t h e  E s t e r  

I d e n t i f i c a t i o n  o f  t h e  e s t e r  was achieved by thermospray - mass spect rometry  

u s i n g  E l  ( e l e c t r o n  impact i o n i s a t i o n )  s i n c e  i t  i s  more e n e r g e t i c  and causes more 

f ragmentat ions,  thermospray i o n i s a t i o n  i s  l i k e  CI (chemical  i o n i s a t i o n ) ,  b u t  i t  

i s  a s o f t  i o n i s a t i o n  method which produces predominant mo lecu la r  i o n  p l u s  an 

adduct i o n  ( N H 4 t )  if ammonium a c e t a t e  has been used as i o n i c  reagent. 

A major  fragment mo lecu la r  i o n  was ob ta ined  a t  516 (M+H)  which corresponds t o  

t h e  e s t e r  p lus  t h e  mo lecu la r  hydrogen i o n  and a ve ry  weak mo lecu la r  fragment o f  

t h e  f u s i l a d e  a c i d  was de tec ted  a t  328. 

P r e c i s i o n  C a l i b r a t i o n  and D e t e c t i o n  L i m i t  

The p r e c i s i o n  was e s t a b l i s h e d  by repeated d e t e r m i n a t i o n  u s i n g  s tandard i n  

t h e  range o f  0.125yM - 2.5 uM. The c o e f f i c i e n t  o f  v a r i a t i o n  d i d  no t  exceed 
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Y crr 
a, a 

Fusilade, (pM) 

F I G U K t  6 S tandard  Curve  f o r  F u s i l a d e  E s t e r .  
F u s i l a d e  c o n c e n t r a t i o n  i n  t h e  
d e r i v a t i z e d  p r o d u c t  (JAM), 10 LIL i n j e c t e d .  

5.5% i n  each case  ( n = 4 )  ( t a b l e  1). The r e l a t i o n s h l p s  be tween t h e  peak a r e a s  and 

t h e  amount o f  F u s i l a d e  i s  l i n e a r  f rom . 125  urnol t o  a t  l e a s t  2.5,umol p e r  

i n j e c t i o n  v o l u a e  (10  JJL) ( F i g .  6 ) .  

To a s c e r t a i n  t h e  s e n s i t i v i t y ,  a s t a n d a r d  amount o f  f u s i l a d e  was t r e a t e d  

a c c o r d i n g  t o  t h e  p r o c e d u r e  d e s c r i b e d  e a r l i e r  and t h e  r e a c t i o n  i n i x t u r e  w a s  

s u b j e c t e d  t o  HPLC. 

c o r r e s p o n d s  t o  0.125 f lM i no le  o f  f u s i l a d e  i n  t h e  r e a c t i o n .  It i n d i c a t e s  t h e  

d e t e c t i o n  l i m i t  f o r  F u s i l a d e  e s t e r  i s  1.25 nmol ( 0 . 4  ng i n j e c t e d )  a t  d 

s i g n a l - t o - n o i s e  r a l i o  o f  4. 

F i g .  7 shows a chromatogra in  i n  wh ich  t h e  d e r i v d t i v e  peak 

A v e r y  r a p i d  and s t a b l e  r e a c t i o n  p r o d u c t  i s  fo rmed hetween 4-bromomethy l -7 -  

methoxy  coumar in  and F u s i l a d e  a c i d .  Advantage i s  t a k e n  o f  t h e  f l u o r e s c e n t  

n a t u r e  o f  t h e  F u s i l a d e  e s t e r  f o r  d e t e r m i n a t i o n  b y  IHPLC. The ine thod i s  v e r y  

s e n s i t i v e  and can be  a p p l i e d  t o  d e t e r m i n e  low l e v e l  o f  f u s i l a d e  i n  sanp les .  The 
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FUSllADE BrMmC 

) 
I I I I I I I I I I I I I I 

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

Time (Min.) 

FItiURE 7 F u s i l a d e  Es te r  a t  d e t e c t i o n  l i m i t  o f  
1.25 nmole (0.4 ng i n j e c t e d )  same 
chromatographic  c o n d i t i o n s  as f i g .  5a. 

peak o f  i n t e r e s t  i s  w e l l  separated froin reagent  peaks and t h e r e f o r e  would n o t  

i n t e r f e r e .  Fur thermore,  t h e  p u r i f i c a t i o n  system would he s u f f i c i e n t  f o r  sample 

c l e a n  up and t h e  d e t e c t i o n  o f  m inu te  q u a l l t i t y  o f  f u s i l a d e  e s t e r .  
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