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Pendimethat in ( I ,  N - ( 1 - e t h y l p r o p y l ) - 2 , 6 - d i n i t r o - 3 , 4 - x y l i d i n e ) ,  a 
preemergent se lec t i ve  h e r b i c i d e  of d i n i t r oan i l i ne  grouP, has 
been e x t e n s i v e l y  used fo r  weed cont ro l  in cotton, r i ce , soybean ,  
tobacco, e tc .  In genera l ,  most d i n i t r o a n i l i n e  h e r b i c i d e s  seem to 
be moderate ly  pers is ten t ,  i . e . ,  they are degraded to non- 
p h y t o t o x i c  l eve ls  w i th in  the growing season in warm, moist 
soi ls  (Kearney e t  a l .  1976) and undergo severa l  t ransformat ion 
react ions inc lud ing N -dea l ky l a t i on ,  n i t ro reduc t lon  and c y c l i z a -  
t ion when incorpora ted  in the  so i l  (Marquis  e t  a l .  1979). A l -  
though the  m ic rob ia l  process of t ransformat ion is cons idered as 
the major or" sometime the only means by which pes t i c ides  are 
e l iminated from a va r i e t y  of ecosystems (A lexander  1972) but 
l i t t l e  is known about the m ic rob ia l  t ransformat ion products of 
pend imetha l in  except ing  the works  of Barua e t  a l .  (1990) and 
Yoko e t  a l .  (1990).  The present  inves t iga t ion  has thus been 
intended to c a r r y  out the m ic rob ia l  t ransformat ion of pend i -  
methal in by an important  so i l  bacter ium A z o t o b a c t e r  c h r o o c o c c u m  
Be i je r i nck  in pure cu l ture  cond i t ion .  At tempts have also been 
made to es tab l i sh  the s t r u c t u r e - a c t i v i t y  re la t i onsh ip  among the 
d i f f e ren t  t ransformat ion products  of pend imetha l in  for  the  safety 
evaluat ion of the envi ronment .  

MATERIALS AND METHODS 

An unadopted strain of Azotobacter chroococcum Beijerinck (Saha 
et al. 1991) was grown in PO,-bus N-free mineral salts 
solution, pH 7.2 with 500 ]/g~mL -I analytical grade pendimetha- 
t in  d i spe rsed  in ethanol  (5 mL/ lO0 mL medium) at 31 _+ 1oc in 
darkness in rep l i ca ted  er lenmeyer  f lasks  of 150 mL capac i ty  
containing 20 mL of tota l  volume as s ta t ionary  cu l tu re .  Cul tures 
were ex t rac ted  and analysed at 0, 2, 6, 10, 12, 15 and 20 d 
of growth in rep l i ca tes  to study the Pate of pendimetha l in  
degradat ion and to detect  the presence of any o ther  t r a n s f o r -  
mation products  formed.  Control  sets contained ethanol  equ i va -  
lent  to tha t  of pend imetha l in  containing media. Each sample was 
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centr i fuged at 6000 rpm and the supernatant was ex t rac ted w i th  
e thy lace ta te  (50 mL x 3) adding 100 mL of a c i d i f i e d  water 
[0.5(N) HCI] and the bac te r ia l  mass was coI lected in an 
preweighed aluminium cup, d r i ed  at 80~ to constant wt fo r  
biomass es t imat ion .  The eth y laceta te  ex t rac t  a f te r  passing 
through anhydrous sodium sulphate was concentrated on a ro ta ry  
evaporator  at 40~ The concentrated mater ia l  was d i lu ted  w i th  
acetone and analysed by gas chromatograph (HP Model 5890A) 
w i th  the operat ing condit ions as mentioned by Barua e t  a i .  
(1990). Another pure cu l ture  set (2.0 L) was prepared contain- 
ing 1.0 g of ana l y t i ca l  grade pendimetha l in .  The totaI  cu l ture 
solut ion was centr i fuged a f te r  20 d of growth and ex t rac ted  by 
e thy laceta te  as descr ibed e a r l i e r .  The concentrated mater ia l  
thus obtained was subjected to column chromatography (2.0 cm 
x 60.0 cm) over  s i l i c a  gel and eluted success ive ly  w i th  2, 10, 
25 and 50% of e thy lace ta te  in n -hexane.  Each f rac t ion  (500 mL) 
was concentrated separa te ly  on a ro ta ry  evaporator  at 40~ and 
monitored by th in  l a y e r  chromatography for  the iso la t ion  of 
pure compounds. Melt ing points of the compounds (S. ~) were 
determined on su lphur i c  acid bath and/or  on an mel~ng point 
apparatus and are uncorrected.  IR spectra were recorded on 
Perk in Elmer 1310 spectrophotometer using KBr pe l l e t s .  Mass 
spect ra l  (EIMS, d i rec t  inser t ion)  analyses were ca r r i ed ,  out on 
a JEOL JMS-DX 300 mass spectrometer at 70 eV. /H NMR 
spectra were recorded on JEOL JNM-FX 100 spectrometer (100 
MHz) using TMS as an in terna l  s tandard.  The metabol i tes S 1 and 
Se were quant i f ied  by gc (Barua e t  a l .  1990) and S A and Sm were 
q~ant i f ied by gc (HP 5890A) w i th  f lame ionisat ion =detector ~ using 
the glass column (6f t  x 2 mm id )  packed wi th  10% SE-30 on 
chromosorb W-Hr. The oven temperature was programmed at 180- 
250~ w i th  an increasing rate of 5~ per rain and the detector  
and in jector  temperatures were maintained at 250~ each. 

For the syn thes is  of 2 -amino-6 -n i t ro -N-  ( 1-eth y l p r o p y l )  -3~4- 
x y l i d i n e  ( I I I )  a solut ion of sodium su lph ide  nonahydrate (5 g, 
0.02 M) and sodium hydrogen carbonate (1.? g, 0.02 M) in 15 
mL of water  was added dropwise to a s t i r r e d  methanol ic 
solut ion of pendimethal in  (1 g in 100 mL) at room temperature 
over  a per iod of 10 min. The m ix tu re  was s t i r r e d  for  3 hr and 
poured into water (500 mL).  The suspension was f i l t e r e d  and 
the residue a f te r  washing w i th  water was taken in hexane 
through anhydrous sodium su lphate ,  concentrated to about 50 mL 
and kept  overn igh t  under deep f reezing condi t ion.  The separated 
so l id  ( I I I )  was f i l t e r e d  and f u r t he r  c r y s t a l l i s e d  from 
ch loro form-hexane as red needles,  mp 78-80~ (Dureja and Walia 
1989). 

The iso lated metabol i tes S 1 _, the synthes ised product I I I  along 
w i th  pendimethal in  were subjected to phy to tox i c  eva luat ion.  A 
photometabol i te ~ 2-meth y l - 4 , 6 - d i n i t r o - 5 -  ( t - e t h  y l p r o p y  I amino) 
benzaldehyde ( IX ) ,  although not encountered in the present 
study~ is  a poss ib le  product formed by the a r y l  methy l  group 
ox idat ion  (Pal e t  a l .  1991), was also subjected to t o x i c i t y  eva-  
luat ion.  The exper iment  was set up in rep l i ca te  pot cu l ture 
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F igure  1. K ine t i cs  of pend ime tha t in  degradat ion and fo rmat ion  
of i t s  d i f f e r e n t  me tebo l i t es  in pure cu l t u re  of A. ch roococcum.  

under growth chamber condition. Soil (air-dr ied, passed through 
2 mm sieve was treated with each of the test compounds 
(dissolved in acetone) at 1.0 and 2.0 kg a. i . /ha dose. The 
control soil sets were treated with acetone only. After 24 hr of 
soil treatment f ive wheat (cv. UP-262) seeds were sown in 
small plastic pots each containing 500 g treated soil maintained 
at 70% water holding capacity. Replicated pots were incubated 
at 25 + I~ for 14 hr in dark and 10 hr in tight condition. 
Soon after germination only two seedlings were maintained per 
pot. Seedlings were harvested after 10 days of germination and 
gentry washed under running tap water to remove root adhering 
soil particles. For evatuation of the phytotoxic effect of the 
test compounds the no. of seminal roots per seedling, length and 
dry wt of both shoot and root of each seedling were measured. 

RESULTS AND DISCUSSION 

Pend imetha l in  has been degraded e f f e c t i v e l y  by A. ch roococcum 
(45% in lOd and 55% in 2Od) in pure cu l t u re  w i th  concomitant  
fo rmat ion  of me tabo l i t es  S l ,  $2, S 4 and S_ at d i f f e r e n t  pe r i od  
of incubat ion  (F igu re  1) .  S 1 an~ S 2 were rotund to cons t i tu te  51% 
and 39% r e s p e c t i v e l y  of t o ta l  convers ion  of I on the  2nd d and 
may be cons ide red  as the  major  me tabo t i t es .  The concent ra t ion 
of S. was found to decrease a f t e r  10 d w h i l e  t ha t  of S_ was 
foun~ to inc rease s t e a d i l y  du r ing  the  pe r i od  under s tudy  Z, The 
fo rmat ion  of S 5 was detec ted on the  6th d and tha t  of S 4 on 
lOth d as the minor  me tabo t i t es  of I .  

Column ch romatog raphy  of the  eth y l ace ta te  e x t r a c t  of A. 
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Figure 2. Proposed pathway of pendimethalin degradation by 
A. chroococcum ( D) in pure culture and structure act ivi ty 
relationship of i ts different metabolites ( . . . . .  ~- denotes the 
product has not been encountered in the present study).  

chroococcum culture resulted in the isolation of six pure meta- 
bolites. $1, S 2 and S 3 were obtained from the 10% ethylacetate 
S 4 and S 5 from 25% and S 6 from 50% ethylacetate in n-hexane 
respectively. The IR, MS and PMR spectral properties of $1, a 
yellow orange crystal ,  mp 136-138~ $4, a l ight  yellow sol id, 
mp 138-140~ and S_, a yellow orange sol id, mp 49-52~ were 
found to be in excellent agreement with those reported for I I ,  
VI and VII (Pal et a l .  1991) respectively and were confirmed 
by the direct comparison with the respective authentic 
samples. The spectral properties of $2, a red needle, mp 80- 
81~ showed very close resemblence with those reported for 
I I I  (Dureja and Walia 1989) but were not identical by co-t ic 
and co-glc. The discripancy was observed in the C_ proton 
signal in the NMR spectrum which appeared at I~6.64 in b S_ and 
at ~ 8.0 in I I I .  The significant upfield shif t  of C 5 proton zn S 2 
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might be due to the reduction of the neighbouring NOg. group to 
NH 2. Therefore,  the s t ruc ture of S 9 could be proposed as 2- 
n i t ro-6-amino-N ( 1-eth y lp ropy  1) - 3 ,4 - x  y' I idine ( IV ) ,  a posi t ional  
isomer of I I I .  5 3 ,  an orange needl~e, mp 235-238~ showed the 
presencelof  imlno (3320, 1260 c m - ' ) ,  amide (CO-NH at 1630 and 
1610 cm due to coupled interact ion of C=O st re tch ing and N-H 
deformation) and n i t ro  (at 1520 and 1335 cm- ' )  group absorp-  
tions i n  i ts  IR spectrum. The PMR spectrum of S 3 d isc losed the 
presence of one aromatic proton at ~8.11 s, one lmlno proton 
at ~ 6 . 6 8  bs. A sharp singlet appeared at 92 .28  for  9 protons 
poss ib ly  due to the presence of two aromatic methylgroups and 
another methyl  group in the amide side chain.  Furthermore,  
the compound S 3 d id  not show the usual proton signals for N(1- 
e t h y l p r o p y l )  group present in pendimethal in.  Thus, the 
presence of an acetamide (-NH-CO-CH 3) s ide chain was expected 
in the molecule which was fu r the r  corroborated by the appear-  + 
ance of mass fragments at m/z 210 (M-COCH~) and 183 (M +- + 
COCH~-HCN) beside the molecular ion peak ~ ) at m/z 253 
a longJwi th  the other  important fragments at m/z 238, 236, 223, 
209-207, 116, 99, 77. On the basis of these spectra l  evidence 
the s t ruc ture of S~ has been proposed as N ( 2 , 6 - d i n i t r o - 3 , 4 -  
d imethy l )  phenyl  "~cetamide (V) .  The IR spectrum of $6, a 
l i gh t  yel low c rys ta l s  (m~31~ 180~ revealed he presence_lof 
h y d r o x y l  group (3400 cml ) '  n i t ro  group (1550, 1340 cm ) ,  
secondary amine (1250 cm- ) in the molecule. I ts  PMR spectrum 
indicated an aromatic r ing proton at ~ 8.24 s ,  an aromatic 
methyl  group at I~2.0 s ,  an aromatic hyd roxy  methyl  group at 
f~ 4.72 q (2H) and at ~ 1.56 s (1H, exchanged with D20). 
Instead of the usual e t h y l p r o p y l  group proton signals of I ,  the 
Sw~ PMR signals appeared at ~ 2.96 q (1H) and at 31 .28  t (4H) 

ich could be f i t t ed  wel l  in the N-a tky l  s ide chain as N- 
cyclopropane. The molecular ion peak (M +) of the compound 
appeared at m/z 251 and the other fragments at m/z 250, 233, 
217, 206, 176, 162, 135, 91 and ?? are only expla inable wi th  
the molecular formula C l lH .3N30 . .  On the basis of the ava i lab le  
spectra l  data S 6 has been ~ormu~ated as 2 - m e t h y l - 4 - n i t r o - 5 - N - ( 1 -  
cyc lop ropy l ) -6 -n i t r osobenzy l  alcohol (V I I I ) .  

Sequential N-dea lky la t ion  and reduct ion of one or both the n i t ro  
groups are very  common pathways of photochemical and micro-  
b ia l  t ransformat ion of subst i tu ted d in i t roan i l ines  (Hel l ing 1976). 
Sel t was formed by ox ida t i ve  complete N-dealky la t ion (Barua 

a2. 1990,Saha et a l .  1991) which was subsequently undergone 
acety lat ion of the ani l ino nitrogen to form S 3 (Van Alfen and 
Kosuge 1974) and S/j  was formed from S 1 by ~Jirect e l iminat ion 
of n i t ro  group at C-'2 wi thout any subst i tu t ion (Pal e t  a i .  1991). 
Contrary to ea r l i e r  repor ts  (Dureja and Walia 1989,Barua et a I .  
1990) S2s was formed by the reduct ion of n i t ro  group at C-6 
which being repor ted for  the f i r s t  t ime in pendimethal in 
degradat ion. The minor metabol i te S 5 was found to be an 
a ry lme thy l  group ox idat ion product at C-3 (Pal e t  a2. 1991) 
which upon par t ia l  reduction of the 2 -n i t ro  group and N- 
dea lky la t ion fol lowed by ox ida t i ve  cyc l isa t ion gave r ise to 
product S 6 a novel product not evidenced ear l i e r  in the 
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degradat ion of d i n i t r oan i l i ne  h e r b i c i d e s .  

A l l  subs t i tu ted  aromatic compounds are f i r s t  t ransformed to 
d i h y d r o x y p h e n o l i c  compounds before r ing cleavage can occur 
by the usual pathways (VValtnofer and Engtehardt  1984). The 
bacter ium u t i l i z e d  the C-dea lky la t i on  pa thway ,  genera l l y  not 
observed fo r  t ransformaton of subs t i tu ted  d in i t roan i l  ines to 
cause r ing h y d r o x y l a t i o n  at C-3 and the products S 5 and S 6 
may be cons idered as the in termediates of the process.  Ring 
h y d r o x y l a t i o n  might a lso occur at C-1 (a f te r  N - d e a l k y l a t i o n ) ,  
at C-2 and C-6 a f te r  n i t r o  reduct ion and o x i d a t i v e  deaminat ion. 
A l though,  A. ch~oococcum was observed to p re fe r  C-6 pos i t ion 
than C-2 fo r  t h i s  purpose.  Thus the compounds $1, $2, S , S 5 
and S 6 are the  most obvious in termediates for  c leavage o~ the 
aromat ic r ing of pend imetha l in .  

Results of the  present  s tudy on p h y t o t o x i c  e f fec t  of 
pendimethat in  and some of i t s  metabol i tes against the growth of 
wheat seedl ings a r e  presented in Table 1. Pend imetha l in ,  l i k e  
any o ther  d i n i t r oan i l i ne  h e r b i c i d e  showed the usual symptoms of 
growth i n h i b i t i o n  (Olson e t  a l .  1984) and the o rder  of a c t i v i t y  
was found to be Pendimethal in  > SR > S_ > I I I  = S 2 and S , S 
and IX were found to be complete ly  ~evo id  of any phyto~ox i  4- 
c i t y .  The va ry ing  degrees of the  p h y t o t o x i c  act ion may be 
exp la ined in terms of s t r u c t u r e - a c t i v i t y  r e l a t i onsh ip  (F igure 
2) .  Reduction of any one of the n i t r o  groups of parent molecule 
almost inac t i va ted  the h e r b i c i d e  as has been found in I I I  and 
also in S_ because 2 , 6 - d i n i t r o a n i l i n e  is the basic moiety of the 
d in i t roan i~ ine group of h e r b i c i d e s  (Probst  e t  a2. 1975). Ox ida -  
t i ve  N -dea l ky la t i on  of pend imetha l in  reduced i ts  h e r b i c i d a l  
a c t i v i t y  to a great ex ten t  and S 1 showed marked lower  
phy to tox i c  e f fec t  on the seedl ing growth than I .  Unsubst i tu ted 
d i n i t r oan i l i nes  also e x h i b i t e d  some p h y t o t o x i c i t y  and the a l k y l  
subst i tu t ion fo r  amino hydrogens was repor ted  to enhance the 
a c t i v i t y  (Swanson 19?2). Whereas, S 1 became comple te ly  
inac t ive  when one of the amino hydrogens was rep laced by an 
acety l  group to form S~ and also by the loss of one n i t r o  
group to form $4. Subst i tu t ions at 3 and /o r  4 pos i t ions w e r e  

repor ted  to modi fy  the degree of h e r b i c i d a l  a c t i v i t y  (Probst  
et  a2.1975) and when 3 - a r y l m e t h y l  group in I was t ransformed 
to an a ldehyde  group as in IX, the molecule complete ly  lost  i ts  
a c t i v i t y .  However ,  t h i s  ef fect  was not observed when the  3-  
a r y l m e t h y l  group was ox i d i sed  to a p r imary  a lcohol  as has been 
observed in S 5 which showed a comparable a c t i v i t y  w i th  the 
h e r b i c i d e .  Thus i t  is qu i te  ev iden t  from the present s tudy that  
a l l  the t ransformat ion processes l i k e  n i t ro  group reduct ion ( I I I ,  
S~), o x i d a t i v e  N-dea lky la t i on  (S 1, $3, $4) and o x i d a t i v e  C- 
d~a lky la t ion  ($5, IX) were d i rec ted  to de tox i f y  the h e r b i c i d a l  
molecule ( I ) .  

Acknow ledgmen t .  The authors are gra te fu l  to the Council of 
Sc ien t i f i c  and Indus t r i a l  Research, New Delh i  for  the  award of 
the Senior Research Fe l lowsh ip  to Sri  R.K. Kale. 
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