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DETERMINATION OF MEXACARBATE AND 

FORMANCE LIQUID CHROMATOGRAPHY 
FIVE OF ITS DERIVATIVES BY HIGH-PER- 

Kanth M. S. Sundaram, Cecilia Feng, and 
Johanna Broks 

Agriculture Canada- Canadian Forestry Service 
Forest Pest Management Institute 

121 9 Queen Street East, P. 0. Box 490 
Sault Ste. Marie, Ontario P6A 5M7 

ABSTRACT 

A simple, sensitive and reliable analytical method has been 
developed and reported €or mexacarbate (4-dimethylamino-3,S-xylyl 
N-methylcarbamate) and five o €  its possible degradation products 
likely to be lound in environmental samples using reversed-phase 
high-performance liquid chromatography with isocratfc and gradient 
solvent systems. All chromatogram peaks were ldenti Fied through 
comparison to standards. The method has been used to identify and 
separate the six compounds from a mixture of the standards. It 
has been evaluated under dffPerent column conditions and with dif- 
ferent mobile phases. Best resolution of the analytes was obtain- 
ed by using a gradlent solvent system consisting of CH3CN and H20 
detecting at 200 nm and 3 0 ° C  using a HP-RP8, 10 p m ,  20 cm x 4 . 6  mm 
column. 

INTRODUCTION 

Mexacarbate (4-dfmethylamino-3,5-xylyl N-methylcarhamate), a 

broad spectrum insecticide, was introduced by the Dow Chemical 
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2580 SUNDARAM, FENG, AND BROKS 

Company under the  t r a d e  name Zectran@ i n  1961 (1). The chemical 

was f i e l d  tested f o r  c o n t r o l  of spruce budworm (Choristoneura fwn- 
iferanu, Clemens) l a r v a e  i n  d i f f e r e n t  e a s t e r n  provinces  of Canada 

dur ing  t h e  1972-73 spray  seasons (2). The chemical is c u r r e n t l y  

being re-examined f o r  l a r g e  scale f o r e s t r y  use  i n  Canada because 

of i t s  d e s i r a b l e  p r o p e r t i e s  such as p e s t  s e l e c t i v i t y  ( 3 ) ,  r e l a -  

t i v e l y  low mammalian t o x i c i t y  (4 )  and low p e r s i s t e n c e  i n  t h e  

environment ( 3 , s ) .  One of t h e  primary requirements ,  with such 

ex tens ive  o p e r a t i o n a l  use p a t t e r n s ,  i s  t o  have s e n s i t i v e  and re l i -  

a b l e  r e s i d u e  methods t o  s tudy the  d i s t r i b u t i o n ,  p e r s i s t e n c e  and 

metabol ic  f a t e  of the  sprayed m a t e r i a l  found i n  v a r i o u s  f o r e s t r y  

s u h s t r a t e s .  Union Carbide claims (3) t h a t  mexacarbate may be 

h i g h l y  l a b i l e  i n  the  environment but t h a t  some of l t s  degrada t ion  

products ,  e s p e c i a l l y  t h e  4-methylamino and t h e  4-amino-3,S-xylyl 

N-methylcarbamates, were found t o  be more t o x i c  t o  some of t h e  

nontarge t  s p e c i e s  than t h e  parent  matec la l  ( 6 ) .  It has thereFore  

become necessary t o  monitor s imul taneous ly  t h e  parent  m a t e r i a l  and 

i t s  l i k e l y  breakdown products  €rom environmental  samples. To 

d a t e ,  r e l a t i v e l y  few r e s i d u e  methods have been repor ted  f o r  t h e  

d e r i v a t i v e s  of mexacarhate. 

Color imet r ic  methods (7,8), gas- l iqu id  chromatographic  (GLC) 

methods using a n  e l e c t r o n  capture  d e t e c t o r  ( 9 ) ,  e l e c t r o l y t l c  con- 

d u c t i v i t y  d e t e c t o r  (lO,ll), flame i o n i z a t i o n  d e t e c t o r  (12-16) and 

N-P s p e c i f i c  thermionic  d e t e c t o r  (17,18) have been repor ted  i n  

l i t e r a t u r e  f o r  t h e  parent  m a t e r i a l .  These methods are e i t h e r  t e d -  

ious and time consuming due t o  d e r i v a t i z a t i o n ,  o r  i n s e n s i t i v e  

because of on-column decomposition of carbamate i n s e c t i c i d e s  

(19). Indeed, Zweig and Sherma (11) r e p o r t e d  t h a t  the  percent  

breakdown of mexacarbate, depending on GLC column packing and 

temperature ,  v a r i e d  from 8 . 6  t o  55.8. 

High-performance l i q u i d  chromatography (HPLC) with i ts  h igh  

speed and s e n s i t i v i t y  o f f e r s  a promising a l t e r n a t i v e  system i n  

ana lyz ing  thermally l a b i l e  compounds such as carbamates .  E a r l i e r  

HPLC s t u d i e s  (20-22) were mostly concerned with the  s e p a r a t i o n  and 

q u a n t i f i c a t i o n  of d i f  f e r e n t  types of carbamates  by normal and re- 
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MEXACARBATE AND ITS DERIVATIVES 258 1 

v e r s e  phase modes i n c l u d i n g  post-column d e r i v a t i z a t i o n  t ech -  

n i q u e s .  S i n c e  w e  are i n t e r e s t e d  i n  t h e  i d e n t i f i c a t i o n  and q u a n t i -  

f i c a t i o n  of t h e  a c t i v e  material  and i t s  breakdown p r o d u c t s ,  t h e  

HPLC methods r e p o r t e d  i n  l i t e r a t u r e  are  n o t  s u f f i c i e n t  f o r  o u r  

pu rpose .  In t h i s  pape r ,  we r e p o r t  not o n l y  t h e  a n a l y s i s  of  mexa- 

c a r b a t e  by HPLC u s i n g  W abso rbance  b u t  a l s o  t h e  s i m u l t a n e o u s  

a n a l y s i s  of f i v e  of i t s  p o s s i b l e  d e g r a d a t i o n  p r o d u c t s  t h a t  are 

most l i k e l y  to  be  found i n  f o r e s t r y  s u b s t r a t e s .  It h a s  been re- 

p o r t e d  ( 2 3 )  t h a t  aminocarh (4-dimethylamino-~-tolyl N-methylcar- 

bamate ) ,  a s t r u c t u r a l l y  similar i n s e c t i c i d e ,  s u b s e q u e n t  t o  i t s  re- 

lease i n  t h e  env i ronmen t ,  gave s imilar  d e g r a d a t i o n  p r o d u c t s  due t o  

h y d r o l y s i s  and o x i d a t i v e  d e m e t h y l a t i o n .  Emphasis is p l a c e d  h e r e  

on t h e  op t imiza tCon  of HPLC p a r a m e t e r s ,  j u d i c i o u s  s e l e c t i o n  of 

s o l v e n t s  n e c e s s a r y  t o  s e p a r a t e  a l l  s i x  compounds by b o t h  i soc ra t i c  

and g r a d i e n t  sys t ems ,  t h e  r e sponse  c o e f f i c i e n t  of  t h e  i n s t r u m e n t  

t o  t h e  a n a l y t e s  a t  t h e  chosen wavelength and t h e i r  minimum d e t e c -  

t a h l e  l imits  (MDL). 

MATERIALS 

A n a l y t i c a l  s t a n d a r d s  of mexaca rba te  (Zectrar@) and t h e  f i v e  

d e r i v a t i v e s  used i n  t h e  p r e s e n t  s t u d y  were s u p p l i e d  by Union Car- 

b i d e .  The s t r u c t u r a l  fo rmulae ,  l n t e r n a t € o n a l  Union of P u r e  and 

Applied Chemistry (IUPAC) usage  and t h e  a b b r e v i a t i o n s  used f o r  

them i n  t h i s  p a p e r  are g i v e n  i n  Tab le  1. 

A l l  s o l v e n t s  were HPLC g r a d e  r e c e i v e d  from F i s h e r  and t e s t e d  

p r i o r  t o  u s e  f o r  t h e i r  s p e c t r a l  p u r i t y .  They were f t l t e r e d  

th rough  a p p r o p r i a t e  M i l l i p o r e  Eil ters and degassed  b e f o r e  u s e .  

All compounds were s o l u b l e  i n  methanol  and a c e t o n i t r i l e  and showed 

good s t a b i l i t y .  S t anda rd  s t o c k  s o l u t i o n s  were p r e p a r e d  i n  t h e  

s o l v e n t s  and s u b s e q u e n t l y  d i l u t e d  as r e q u i r e d .  A l l  s t a n d a r d s  were 

t h o r o u g h l y  f i l t e r e d  p r i o r  t o  i n j e c t i o n  i n t o  t h e  HPLC sys t em.  Pro- 

longed s t o r a g e  ( >  4 weeks) of  s t o c k  s o l u t i o n s  of  compounds 2 ,  3 ,  4 
and 6 ( T a b l e  1) Ln t i g h t l y  s e a l e d  v o l u m e t r i c  f l a s k s  a t  l 0 C ,  even 

i f  t h e y  were c o m p l e t e l y  cove red  w i t h  aluminum f o i l  t o  s h i e l d  them 
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2582 SUNDARAM, FENG, AND BROKS 

TABLE 1 

Some Common Metabolites of Mexacarbate Used in the Study. - 
YO. 

1 

2 

- 

3 

- 

4 

- 

5 

6 

- 

CHEMICAL 
STRUCTURE 

O H  

H' 
H3C 

0 
" H3C 

Y C  

NAME 
( IUPAC USAGE) 

-Drmethylamino-3.5-xylyl 
N - met hylcarbamate 

-Methylformamrdo-3.5-xylyl 
N-methylcarbamate 

4-Methylamino-3.5-xyl yl 
N - met h ylcarbamat e 

4-Formamr do-3.5-xylyl 
N- methylcar bamate 

4- Amino-3.5-rylyl 
N- methylcar bamate 

4 - Drmethylamino-3.5- 

xylenol 

- 
ABBR. 
- 

M 

MFM 

MAM 

- 

FAM 

- 

AM 

DMAX 
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MEXACARBATE AND ITS DERIVATIVES 2583 

from light, showed progressive formation of colourless degradation 

products with the following retention times [RT (min)] (under the 

experimental conditions discussed below using an RP-8 column). 

Compound No. RT (min) 
2 3.51, 3.92 
3 3.90 
4 4.55 
6 4.54 

The other solutions were quite stable under these conditions for 

the entire period of study ( >  9 weeks). 

No structural correlations could be established with the HPLC 
peaks observed €or them with the compounds studied in Tahle 1 ex- 
cept that the presence of N-formyl and N-methylamino functional 

groups generally added instability to the molecular species. The 

formation of such intermediates indicate that mexacarbate is rela- 

tively labile in solution and an in depth investigation of its 

metabolic fate is warranted. 

MFCTHODS 

A Hewlett-Packard model 1084B high-performance liqutd chrom- 

atograph equipped with a variahle wavelength detector (190 - 600 
nm), microprocessor and electronic integrator was used for  this 

study. The instrument also employed an automatic degassing sys- 

tem, dual solvent system and dual pumpheads with common drive 

which gave stable and reproducible flows. A Hewlett-Packard LC 
terminal (79850B) provided the chromatogram, area, area X ,  reten- 

tion time, etc., for each peak. The operating parameters were as 

follows: 

Columns: (a) Hewlett-Packard (HP) RP-8, 10 limp 20 cm x 4.6 nun ID 
(b) Regis Spherisorb Hi-Chrom Rev. ODs2 Octadecyl 11, 

5 urn, 15 cm x 4.6 m Ill 

Column Pressure: 16 - 116 bars (1 bar = 14.5 psig.) 

Mobile Systems (v/v) : (a) CH3CN/HzO 
(b) CH3OH/HzO 

Flow Rate: 1 mL/min 

Oven Temperature: 3OoC and 5OoC 
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2584 SUNDARAM, FENG, AND BROKS 

Wavelengths: Sample (S):  Reference ( R )  = 200:430 nm 
220:430 nm 
254:430 nm 

I n j e c t i o n  System: Rheodyne model 7120 s y r i n g e  loading  i n j e c t o r  

Sample S ize :  20 UL of 10 LIg/mL s tandard  s t o c k  s o l u t i o n  

Chart Speed: 0.5 cm/min 
2 5 Attenuat ions :  2 and 2 

Slope S e n s i t i v i t y :  0.2 

with 20 u L loop s i z e  

Various i s o c r a t i c  and g r a d i e n t  e l u t i o n  systems were developed 

and used t o  o b t a i n  t h e  b a s i c  chromatograms of Zectran and 5 of i t s  

m e t a b o l i t e s .  Solu t ions  of the  parent  m a t e r i a l ,  the  i n d i v i d u a l  

metabol i tes  and t h e  mixture were i n j e c t e d  s e p a r a t e l y  s e v e r a l  times 

(n  > 4) t o  o b t a i n  reproducib le  r e s u l t s .  The chromatograms obta in-  

e d  were w e l l  def ined ,  having sharp  pealcs showing a d e v i a t i o n  i n  RT 

of l e s s  t h a t  5% f o r  each i n j e c t i o n .  The l i n e a r i t y  of the UV de- 

t e c t o r  was measured by i n j e c t i n g ,  s e v e r a l  times dur ing  t h e  s tudy ,  

a l i q u o t  q u a n t i t i e s  of d i f f e r e n t  c o n c e n t r a t i o n s  ( range  0.10 p g/mL 

t o  1 0  ug/mL) of t h e  chemicals analysed and the  response was found 

t o  be adequate .  Under the exper imenta l  c o n d i t i o n s  s t i p u l a t e d  

above, the  r e l a t i v e  s e n s i t i v i t y  of the TJV d e t e c t o r  was good and 

MDL f o r  the metabol i tes  ranged from 5 ng (compounds 3, 5 and 6) t o  

10 ng (compounds 2 and 4), and f o r  the  mexacarbate i t  was found t o  

be 3 ng. 

@3 

RESULTS AND DISCUSSION 

The s o l u b i l i t y  ( w t  X )  of mexacarbate a t  25OC v a r i e d  widely 

between water (0.01%) and polar  organic  s o l v e n t s  such a s  ace toni -  

t r l l e  and methanol (> 100%). Consequently, t h e s e  s o l v e n t s  se rved  

as t h e  b e s t  choice f o r  op t imiz ing  t h e  s e p a r a t i o n  of mexacarbate 

and i ts  metabol i tes  by HPLC. 

The average RTs of mexacarbate and i t s  m e t a b o l i t e s  s t u d i e d  

using the  i s o c r a t i c  so lvent  system a t  d i f f e r e n t  % (v /v)  composi- 

t i o n s  of CH3CN/H20 a r e  given i n  Table  2 .  From the va lues  record- 

e d ,  i t  is  ev ident  t h a t  t h e  so lvent  system c o n t a i n i n g  40:60% of 
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MEXACARBATE AND ITS DERIVATIVES 2585  

TABLE 2 

RT (min) of Mexacarbate and Some o l  Its  Metabo l i t e s*  by Using a 
RP-8, 10 urn Column with D i f f e r e n t  I s o c r a t i c  So lven t  Systems: Flow 
Rate  1 rsL/min, Temp. 30°C, A =  200 nm 

CH3CN:HzO 
Cmpd. No. wi th  
Abhreviated Name 80: 20 60: 40 55:45 50: 50 40: 60 

1 M  3.34 5.43 6.70 8.28 17.20 
2 MFM 2.81 3.11 3.17 3.27 4.27 
3 MAN 2.81 3.45 3.75 3.91 5.23 
4 FAM 2.81 3.11 2.90 3.27 3.48 
5 AM 2.81 3.11 3.31 3.27 3.85 
6 DMAX 3.34 5.00 6 .OO 7.19 13.61 

* Compounds with similar RTs were conEirmed by i n j e c t i n g  i n d i v i d -  
u a l  samples 

CH3CN and H20 is t h e  b e s t  mohile  phase s u i t a b l e  l o r  s e p a r a t i n g  a l l  

of t h e  s i x  compounds us ing  an RP-8, 10 p m ,  20 cm x 4.6 mm column 

under  t h e  optimum o p e r a t i o n a l  c o n d i t i o n s  l i s t e d  above. The chrom- 

atogram ob ta ined  (F ig .  1) d e p i c t s  t h e  e x c e l l e n t  s e p a r a t i o n  o b t a i n -  

ed .  A l l  o t h e r  s o l v e n t  composi t ions gave e l t h e r  poor r e s o l u t i o n  o r  

o v e r l a p p i n g  peaks.  In f a c t ,  i n  t h e  80:2O and 60:40 s o l v e n t  ra-  

t i o s ,  compounds 2 ,  4 and 5 (Tab le  1) are comple t e ly  ove r l apped .  

Lower CH3CN r a t i o s  ( <40%) y i e l d e d  h i g h e r  QTs and peak b roaden ing ,  

p robah ly  due t o  s o l u t e  s o r p t i o n  on t h e  s t a t t o n a r y  phase.  Detec- 

t i o n  above 200 nm lowered t h e  d e t e c t o r  s e n s i t i v i t y .  The compound 

4 w i t h  i t s  formamido group seems t o  be h i g h l y  p o l a r  hecause  i t  was 

r e a d i l y  s o l u b l e  in t h e  mobile phase and was e l u t e d  q u i c k l y  wi th  

low RT (3.48 min) compared t o  t h e  o t h e r s .  Mexacarbate ,  be ing  l t p -  

o p h i l i c ,  is t h e  least p o l a r  (RT 17.20 min) of t h e  compounds. Con- 

s i d e r i n g  t h e  i n t a c t  carhamate m o i e t i e s  l i s t e d  i n  Table  1 and u s i n g  

t h e  observed RTs (Table  2 ) ,  one could p r e d i c t  t h e  d e c r e a s e  i n  t h e  

o r d e r  of p o l a r i t y  as 1 <3 < 2  < 5  <4. The h igh  RT of compound 6 is 

probably due t o  i t s  pheno l i c  group c a u s i n g  it t o  i n t e r a c t  selec- 

t i v e l y  through H-bonding wi th  t h e  s t a t i o n a r y  phase.  
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2586 SUNDARAM, FENG, AND BROKS 

S i n c e  t h e  p o l a r i t y  of  t h e  compounds v a r i e d  c o n s i d e r a b l y ,  a n  

o c t a d e c y l s i l y l  (ODS) bonded phase column (Regis S p h e r f s o r b  S5 ODS 

11, 5 um, 1 5  cm x 4.6 mm) was t e s t e d  L s o c r a t i c a l l y  u s i n g  v a r y i n g  

r a t io s  of CH30H/H20 Ln t h e  hope of  o b t a i n i n g  a b e t t e r  perEormance 

Ln t h e  s e p a r a t i o n  of  a n a l y t e s .  The h i g h e r  W c u t o f f  (205 nm) and 

h i g h e r  v i s c o s i t y  (0.6 CP a t  20°C) o €  methanol  compared t o  aceto- 

n i t r i l e  (190 nm and 0.37 CP a t  20°C) (24)  made i t  n e c e s s a r y  f o r  

d e t e c t i o n s  t o  be done a t  220 nm and 50°C. R e t e n t i o n  times 

o b t a i n e d  f o r  mexaca rha te  and i t s  m e t a b o l i t e s  are g i v e n  Ln T a b l e  

3. Because of smaller p a r t i c l e  s i z e  and h i g h e r  v i s c o s i t y ,  back  

p r e s s u r e  was a p p r e c i a h l e  and t h e  a n t i c i p a t e d  column efficiency was 

n o t  obse rved .  A l so ,  poor and u n p r e d i c t a b l e  peak s e p a r a t i o n s ,  peak 

o v e r l a p s  and i r r e g u l a r  peak s h a p e s ,  peak h r o a d e n i n g ,  v a r i a t i o n  i n  

RTs and a t  times l a c k  of r e sponse ,  e s p e c i a l l y  f o r  compounds 2 and 

4 (Tab le  3 ) ,  were obse rved .  Because o f  t h e s e  d i f f l c u l t i e s ,  t h e  

a n a l y s e s  of t h e s e  coinpounds i s o c r a t i c a l l y  u s i n g  t h e  ODS column was 

n o t  c o n t i n u e d .  

Although s e p a r a t i o n  and d e t e c t i o n  o f  t h e  compounds l i s t e d  in 

Tab le  1 are  p o s s i b l e  by u s i n g  t h e  i socra t ic  s o l v e n t  sys t em 

CH$N:H20, 40:GO (Tab le  2 ) ,  t h e  s e l e c t i o n  and use  of some of t h e  

TABLE 3 

RT (min) of Mexacarbate  and Some of I ts  M e t a b o l i t e s  by Using a Re- 
gis 5 pm Column wi th  D i f f e r e n t  I s o c r a t i c  S o l v e n t  Systems: Flow 
Rate 1 mL/min, Temp. 5o°C, A =  220 nm 

Cmpd. No. w i th  
Abhrev ia t ed  name 

CH3OH:A2O 

75:25 h 5 : 3 5  60:40 55:45 

1 M  3.29 5 . 4 9  8.14 11.99 
2 MFM 1.83 2.04 2.23 NR* 
3MAM 1.98 2.30 2.57 2.93 
4 FAM 1 .73  NR NR NR 
5 A M  1.81 1.97 2 .Oh 2.21 
6 DMAX 3.06 4.94 6.94 9.65 

*NR - No r e s p o n s e  
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TABLE 4 

S o l v e n t  Systems Used i n  G r a d i e n t  E l u t i o n  o f  Mexacarbate  and Its 
M e t a b o l i t e s :  Flow Rate 1 m L / m i n ,  Temp. 30°C, X = 200 nm. 

~ ~~ 

S o l v e n t  E l u t i o n  Time Time A c e t o n i t r i l e  Water 
System (min> (min> (XI ( X >  

A 1 5  0.0 28  72 
5 .0 28 72 
5.5 55 45 

B 

C 

D 

20 0.0 40 
10.0 40 
10.5 50 

20 0.0 28 
7 .0 28 
8.0 50 

20 0 .o 30 
4 .0 30 
5 .O 25 
6 .0 25 
7.0 55 

60 
60 
50 

72 
72 
50 

70 
70 
75 
75 
45 

S o l v e n t  E l u t i o n  Time Time He t ha no 1 Water 
System* (min> ( m i  n > ( % >  ( % >  

E 20 0 .0 45 55 
8.0 45 55 
9 .o 65 35 

* Flow rate  and temp. as above e x c e p t  d e t e c t i o n  a t  = 254 nm. 

TABLE 5 

RT (min) f o r  t h e  G r a d i e n t  E l u t i o n  of Mexacarbate  and Its !.letabo- 
l i t e s  in CH3CNfH20 and CH30HfH20 Systems 

SOLVENT SYSTEM* 
Abbrev ia t ed  

Name A B C D E 

1 M  12.95 14.60 16.67 14.12 16.49 
2 MFM 7.40 3.79 7.14 6.52 6.87 
3 r n f  8.86 4.68 9.15 8.20 8 .OO 
4 FAM 4.67 3.02 4.41 4.33 3.34 
5 AM 6.31 3.37 6.07 5.76 5.07 
6 DMAX 12.03 12.16 15.22 13.17 15.24 

* A t o  D: CH3CN/H20, d e t e c t i o n  a t  X = 200 mu; E:  CH30HfH20, de- 
t e c t i o n  a t  X = 254 nm. R e f e r  Tab le  4 for t h e  mob i l e  phase com- 
p o s i t i o n s .  
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g r a d t e n t  mobile  phase sys t ems  l i s t e d  in T a b l e  I+ gave a f a s t e r  and 

b e t t e r  s e p a r a t i o n  of a l l  t h e  s i x  compounds because of t h e  wide 

r ange  in t h e i r  p o l a r i t i e s .  T h i s  is e v i d e n t  from t h e  RTs r e c o r d e d  

t n  Tab le  5 .  Also ,  F i g s .  2a t o  2e i l l u s t r a t e  t h e  a d v a n t a g e s  of  

u s i n g  a g r a d i e n t  sys t em ove r  t h e  i s o c r a t i c  phase  ( F i g .  I ) .  Among 

t h e  5 e l u e n t  combina t ions ,  system A c o n t a i n i n g  t h r e e  g r a d i e n t  

s t e p s ,  was t h e  b e s t  t o  s e p a r a t e ,  i d e n t i f y  and q u a n t i f y  t h e  six 

compounds. The s e p a r a t i o n s  were good and t h e  a n a l y s i s  was r a p i d ,  

y i e l d i n g  s h a r p  symmetrical peaks (FtE.  2 a ) .  The RTs ranged from 

4.67 min €or  t h e  r e l a t i v e l y  p o l a r  compound 4 t o  12.95 m i n  f o r  t h e  

nonpo la r  l i p o p h i l  lc mexacarbate  ( T a b l e  5 ) .  The e l u e n t  combina t ion  

B, y i e l d e d  a poor  d i f f e r e n t i a t i o n  of  compounds 2,  4 and 5 ( F i g .  

2b) and a l s o  gave a l o n g e r  run time (20 min). Similar l o n g e r  e l u -  

t i o n  time was a l s o  obse rved  f o r  t h e  sys t em C a l o n g  w i t h  peak 

h roaden ing  because  of s o l u t e  d i f f u s i o n  ( F i g .  2c)  and low d e t e c t o r  

s e n s i t i v t t y  t o  t h e  a n a l y t e s .  Peak h e i g h t  r e d u c t t o n ,  peak o v e r l a p -  

p i n g  ( F i g .  2d) and l o n g e r  e l u t i o n  time made t h e  e l u e n t  combina t ion  

D u n s u i t a b l e .  The f i n a l  g r a d i e n t  sys t em E ,  i s  d i f f e r e n t  from t h e  

o t h e r s  because i t  c o n t a i n e d  C H 3 0 H  and H 2 0  r a t h e r  t h a n  C H 3 C N  and 

H20. S ince  t h e  d e t e c t i o n  was done a t  2 5 4  nm due t o  t h e  h i g h e r  UV 

c u t o f f  (205 nn) of  methanol ,  s e n s i t i v i t y  f o r  t h e  a n a l y t e s  d e c r e a s -  

ed ( r e d u c t t o n  in peak h e t g h t )  w i t h  i n c r e a s e d  run tlmes. F u r t h e r -  

more, hecause of t h e  i n c r e a s e d  e l u t i o n  s t r e n g t h  of t h e  s o l v e n t  

sys t em E and poor  d e t e c t o r  r e sponse ,  d i f f e r e n t i a t i o n  between com- 

pounds of n e a r l y  e q u a l  p o l a r i t y  such as  methylformamido and 

methylamino ca rbamates  (compounds 2 and 3) was n o t  p o s s i b l e  (Fig. 

2 e ) .  

This s t u d y  h a s  shown t h a t  HPLC w i t h  W d e t e c t i o n  a t  200 nm is 

a s e n s i t t v e  and r e l i a b l e  a n a l y t i c a l  t e c h n i q u e  t o  s e p a r a t e ,  iden-  

t i f y  and q u a n t i f y  mexacarhate  and f i v e  of i t s  m e t a b o l i t e s  e i t h e r  

u s i n g  i s o c r a t i c  or g r a d i e n t  s o l v e n t  sys t ems  c o n t a i n i n g  CH3CN and 

H20. With s u f f i c i e n t  m o d i f i c a t i o n  and expans ion ,  t h e  method re- 

p o r t e d  w i l l  be a v i a b l e  t o o l  t o  s c r e e n  t h e  a c t i v e  material  and i ts  

d e g r a d a t i o n  p r o d u c t s  from v a r i o u s  f o r e s t r y  s u b s t r a t e s .  F u r t h e r  

work a l o n g  t h i s  l i n e  is in p r o g r e s s  a t  o u r  l a b o r a t o r y .  
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6 

I 1 I I 1 1 I I I I 

0 2 4 6 8 10 12 14 16 18 

retention time (mid 

Figure 1. Separation of Mexacarbate and Its Five Metabolites by 
Using HPLC. 
Column: RP-8, 10 jnn Flow Rate: 1 mL/min 
Solvent System: CH3CN:HzO = 40 :60  
Numbers on the chromatograms correspond to the compounds 
given in Tables 1 and 2. 
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