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SYNTH. REACT. INORG. MET.-ORG. CHEM.. 26(2). 191-209 (1996) 

SYNTHESIS, CHARACTERIZATION, X-RAY DIFFRACTION STUDIES AND 
ANTINNGAL ACTIVITY OF COBALT(I1) COMPLEXES WITH SOME 
AROYLHYDRAZI NES 

* 
K .  K .  Narang and Vinod P. Singh 

Varanasi-221005, I n d i a  

and 

S. K. Singh and G. D. Mishra 
Department o f  Mycology and P l a n t  Pa tho logy ,  I n s t i t u t e  
o f  A g r i c u l t u r a l  S c i e n c e s ,  Banaras  Hindu U n i v e r s i t y ,  

Varanasi-221005,  I n d i a  

Department o f  Chemistry,  Banaras  Hindu U n i v e r s i t y ,  

ABSTRACT 

C o b a l t ( 1 I )  complexes o f  t h e  t y p e  [ C O ( L ) ~ ( H ~ O ) ~ ] % ,  where 

L = benzoy lhydraz ine ,  C6H5CONHNH2 (BH) o r  i s o n i c o t i n o y l h y d r a z i n e ,  

NC H CONHNH2 (INH); x = C1-, N O 3  and ?SO:- and [ C O ( B H ) ~ ] X ~ . ~ H ~ O .  

where X = C1- and NO3- and n = 0 or 3 ,  were s y n t h e s i z e d  and chara-  

c t e r i z e d  by e l emen ta l  a n a l y s e s ,  mo la r  conductance,  magne t i c  moments 

and e l e c t r o n i c  and I R  s p e c t r a .  A l l  t h e  complexes a r e  1:3 e l e c t r o -  

l y t e s  and s o l u b l e  i n  wa te r ,  e t h a n o l ,  DMF and D M S O .  The complexes 

a r e  s p i n - f r e e  o c t a h e d r a l  and t h e  l i g a n d s  bond t o  t h e  me ta l  i o n  v i a  

>C=O and N H  groups.  Dehydrat ion s t u d i e s  i n d i c a t e  t h e  p re sence  

of  c o o r d i n a t e d  w a t e r  molecule  i n  most of  t h e  complexes. x-ray 

powder d i f f r a c t i o n  pa rame te r s  f o r  some o f  t h e  complexes co r re spond  

t o  a t e t r a g o n a l  c r y s t a l  l a t t i c e .  The complexes show a f a i r  deg ree  

o f  a n t i f u n g a l  a c t i v i t y  a g a i n s t  a number o f  pa thogen ic  f u n g i  v i z .  

A l t e r n a r i a  t e n u i s s i m a ,  A. 

1 
5 4  

a 1  t e r n a t a ,  i. t r i t i c i n a ,  i. b r a s s i c a e ,  
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192 NARANG ET AL 

A. sesami,  C u r w l a r i a  l u n a t a ,  Pseudocercospora sp. ,  C o l l e t o t r i c h u m  

c a p s i c i ,  Fusarium oxysporum *, 2.  oxysporum lini and 

H e lmintho spo N m  s a t  i wm. 

- -  

INTRODUCTION 

C o b a l t ( I 1 )  complexes, b e s i d e s  e x i s t i n g  i n  s e v e r a l  s t e r e o -  

chemical d i s p o s i t i o n s ,  i n t e r a c t  with m o l e c u l a r  oxygen u l t i m a t e l y  

o x i d i s i n g  t h e  complexed C o ( I 1 )  t o  C o ( I I 1 ) .  The b e s t  s t u d i e d  

examples a r e  c o b a l t ( I 1 ) -  S c h i f f  b a s e  complexes which t a k e  up O2 

i n  DMF or p y r i d i n e  so lu t ion ' .  

l i g a n d s  and c o o r d i n a t e  wi th  me ta l  i o n s ,  t h e r e  i s  l i t t l e  p o s s i b i l i t y  

o f  Co(I1) b e i n g  r e a d i l y  o x i d i z e d  by  a tmosphe r i c  oxygen and s t a b l e  

Co(I1) complexes a r e  expec ted .  The re fo re .  a number of  c o b a l t ( I 1 )  

complexes wi th  a r o y l h y d r a z i n e s  such a s  benzoy lhydraz ine  (C6H5CONHNH2) 

and i s o n i c o t i n o y l h y d r a z i n e  (NC5H4CONHNH2) were s y n t h e s i z e d  and 

t h e i r  phys i  co- chemical p r o p e r t i e s  and a n t i  f unga l  p r o p e r t i e s  a r e  

d i s c u s s e d  i n  t h i s  paper .  

S i n c e  a r u y l h y d r a z i n e s  a r e  b a s i c  

EXPERIMENTAL 

Mat e r i  al s 

A l l  t h e  chemica l s  u s e d  were of  B D H  (AnalaR) o r  e q u i v a l e n t  

g rade .  I N H  was o b t a i n e d  from CDHChemicals,  New Delhi  and used  

a f t e r  r e c r y s t a l l i z a t i o n  from e t h a n o l .  

Benzoy lhydraz ine ,  C6H5CONHN% (BH) was p repa red  by  r e f l u x i n g  

methyl  b e n z o a t e  (13 .6  mL, 100 mmol, n e a t )  w i th  hydraz ine  h y d r a t e  

( 5 . 0  m L ,  100 mmol, n e a t )  i n  1:1 mola r  r a t i o  f o r  6 h o u r s .  On coo l ing  

a s o l i d  p roduc t  was o b t a i n e d .  

and washed w i t h  d i s t i l l e d  w a t e r .  BH (m.p. 112') was r e c r y s t a l l i z e d  

from h o t  benzene .  Y i e l d  10.2 g ,  75 %. Found: C ,  61.58; H ,  5 .67 ;  

N ,  20.42. 

The product  was f i l t e r e d  by s u c t i o n  

Ca lc .  f o r  % H 8 N 2 0 :  C ,  61.76;  H ,  5.88; N ,  20.59 %. 
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COBALT(I1) COMPLEXES WITH SOME AROYLHYDRAZINES 

S y n t h e s i s  of t h e  Complexes 

193 

The c o b a l t ( I 1 )  complexes o f  BH and I N H  were s y n t h e s i z e d  by  

r e a c t i n g  50 m L  aqueous s o l u t i o n s  c o n t a i n i n g  10 mmol each o f  

CoC12.6H20 

with 10, 20 and 30 mmol e a c h  o f  BH (1.4, 2.7 and 4.2 9) and I N H  

(1.4, 2.6 and 4.2 9 )  i n  50 m L  warn (5OoC) aqueous e t h a n o l  (30 %, 

v/v)  co r re spond ing  t o  1:1, 1:2 and 1:3 me ta1 : l igand  mola r  r a t i o s ,  

r e s p e c t i v e l y .  On c o n c e n t r a t i n g  t h e  r e a c t i o n  s o l u t i o n s  t o  one 

t h i r d  o f  t h e  volume on a w a t e r  b a t h  t h e  complexes formed i n  solu-  

t i o n  s lowly c r y s t a l l i z e d  a t  room t e m p e r a t u r e  upon s t a n d i n g  f o r  

2 4 4 8  hours .  The complexes were f i l t e r e d ,  washed tho rough ly  w i t h  

aqueous e t h a n o l  (30 %, v/v) and d r i e d  i n  a d e s i c c a t o r  o v e r  

anhydrous ca l c ium c h l o r i d e  a t  room t empera tu re .  

(2.4 g ) ,  C O ( N O , ) ~ ~ H ~ O  (3.0 9 )  and CoS04.xH20 (2 .5  9 )  

A n a l y s i s  of the Complexes 

The complexes were a n a l y s e d  f o r  t h e i r  me ta l  con ten t  g r a v i -  

m e t r i c a l l y  by  t h e  l i t e r a t u r e  procedures2 a f t e r  decomposing t h e  

o r g a n i c  m a t t e r  w i th  a m i x t u r e  o f  c o n c e n t r a t e d  n i t r i c  and hydro- 

c h l o r i c  a c i d  and e v a p o r a t i n g  t h e  r e s i d u e  t o  d ryness  wi th  concen- 

t r a t e d  s u l f u r i c  a c i d .  C1’ and SO:- were determined g r a v i m e t r i -  

c a l l y  a s  AgCl and &SO4, r e s p e c t i v e l y .  C ,  H and N were a n a l y s e d  

on a Perkin-Elmer 240C model mic roana lyze r .  The a n a l y t i c a l  and 

physico-chemical d a t a  a r e  g iven  i n  T a b l e s  1- 3.  

Phy s i  co-chemi cal  Measurements 

The m o l a r  conductance o f  lom3 M s o l u t i o n s  i n  wa te r  were 

measured a t  room t empera tu re  on a YYTW c o n d u c t i v i t y  me te r .  The 

room t e m p e r a t u r e  magnet ic  s u s c e p t i b i l i t i e s  of  t h e  complexes were 

determined on a Faraday t y p e  b a l a n c e  (Cahn, magne t i c  s u s c e p t i b i -  

l i t y  a p p a r a t u s )  u s i n g  [ C O H ~ ( S C N ) ~ ]  a s  c a l i b r a n t  and t h e  expe r i -  

men ta l  magne t i c  s u s c e p t i b i l i t i e s  were c o r r e c t e d  f o r  diamagnetism . 3 
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Table 1. Analy t ica l  and Physico-chemical Data of  t h e  Complexes 

Complex Empir ica l  formula Melting Analysis  Found (Ca lcd . )  % Molar conduc- 
Colour t a n c e  i n  water 

( ohm-1mol-1un2) 

poin t  
( o c )  Metal Anion C H (Yie ld  %) 

[Co (9H ) 3] C1 2.3 H20  C21H30N606C1 2. CO 

Red ( 8 0 )  

17 2 

180 

23 2 

23 1 

218 

260 

> 300 

> 300 

9.66 12.21 42.25 4 .91  14.02 
( 9 . 9 )  (11.99) (42.57)  (5 .07)  (14.19) 

13.56 15.90 38.56 4.42 12.80 
(13 .47)  (16.21)  (38 .36)  (4 .57)  (12.78)  

13.24 16.20 32.51 3.96 19.22 
(13.41) (16.14)  (32 .73)  (4.09) (19.09) 

1o.m - 42.41 3.89 19.10 
(9.98) (42.64)  (4 .06)  (18.95)  

11.89 - 34.47 3.37 17.16 
(12.02) (34 .22)  (4 .07)  (17.11) 

12.30 - 29.42 3.76 22.48 
(11.97) (29.22) (3.65) (22.72)  

12.52 20.55 36.36 4.27 11.90 
(12 .74)  (20.73) (36 .28)  (4 .32)  (12.09) 

12.50 20.50 30.78 3.94 17.93 
(12 .69)  (20.64)  (30.97)  (3 .37)  (18.35) 

221 .o 

224.4 

218.3 

232.3 

243.6 

226.2 

209.1 

z F 199.6 
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Table 2. Magnetic Moments, E lec t ronic  Spectral  Data and Ligand Fie ld  Paraneters of the Complexes 

B B' LFSE Band maxima (an-') Dq 
Corn pl ex K e f f  

(B.M. ) y1 v3 (m-l) (cm-l) (%I (Kcal/mol) 

9090 

9145 

8330 

9260 

92 95 

9260 

9260 

8330 

20120 

19840 

20830 

20200 

19890 

20620 

20200 

2041 0 

10210 

10290 

9550 

1047 0 

10530 

10460 

10470 

9620 

815 

7 90 

910 

805 

7 80 

835 

805 

a7 5 

0.841 

0.825 

0.936 

0.830 

0.803 

0.862 

0.830 

0.901 

15.8 

18.5 

6.4 

17.0 

19.7 

i3.a 
17 .O 

9.9 

23.27 

23.45 

21.76 

23.86 

24.00 

23.84 

23.86 

21.93 
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Table  3. Important  IR Spect ra l  Bands and T h e i r  Assignments 

Corn pound v O H  + v N H  Amide I Amide I1 Amide 111 v(N-N) v(M-0) v(M-N) Anion bands 
v ( c =  0) 

BH 

I NH 

~ ~~ 

- 32% b 1665s 1570s 1370s 885w - - 
3220 b 1670s 1560s 1370s 980w - - - 

[ Co ( BH ) 3] C1 . 3H  2O 3340b, 324013 1640s 1555s 1375s 940w 5 1 0 w  3OOw 260w 

[ Co (BH 1 2(H20 1 21 C1 3360b, 3260b 1640s 1545s 1375s 935w 495w 325w 260w 

[ Co ( I NH) 2(H20 1 21 C1 3430b, 3170b 1650s 1545m 1372s 1 0 1 5 w  520w 3 2 5 ~  280w 

[ c o ( B H ) ~ I  ( ~ 0 3 1 2  3380b, 3220b 1640s 1560s 1375s 915w 495w 32oW 1400m, 8 3 0 w .  
7 l o w  

[ C O ( B H ) ~ ( H ~ O ) ~ ]  ( N 0 3 ) 2  3360b, 3240b 1645s 1545m 1375s 905w 520w 325w 1400rn. 825w, 

[ C O ( I N H ) ~ ( H ~ O ) ~ ]  (N03)2 3420b, 3200b 1655s 1540rn 1370s l O l 0 w  510w 3 2 5 ~  1390rn, 8 2 5 ~ .  

7 l o w  

7 l o w  
[ Co (BH 2(H20 ) 2] SO4 3340b. 32601, 1640s 1545s 1375s 935w 495w 325w 1130s 

[Co(INH) 2(H20 ) 2] SO4 336033, 3200 b 1645s 1540s 1375s 915w 495w 321% 1135s z 

F z 
cl 
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COBALT(I1) COMPLEXES WITH SOME AROYLHYDRAZINES 

E l e c t r o n i c  and i n f r a r e d  s p e c t r a  o f  t h e  l i g a n d s  and t h e  complexes 

were r eco rded  in Nujol on a Caw-14 and Perkin-Elmer 783 s p e c t r o -  

photometers ,  r e s p e c t i v e l y .  Powder X-ray d i f f r a c t i o n  p a t t e r n s  were 

r e c o r d e d  on  a P h i l l i p s  PW 1130 a p p a r a t u s  u s i n g  CuK, r a d i a t i o n  

(Tab le  4 ) .  

197 

Ant i funga l  S c r e e n i n g  

The l i g a n d s  a s  w e l l  a s  t h e i r  complexes were sc reened  f o r  

t h e i r  a n t i f u n g a l  a c t i v i t y  a g a i n s t  s e v e r a l  pa thogen ic  funga l  s p e c i e s  

(Tab le  5 ) .  

o f  h o s t  p l a n t s  on p o t a t o  d e x t r o s e  a g a r  ( p o t a t o  250 g + d e x t r o s e  

20  g + a g a r  2 0  g )  medium. The c u l t u r e s  o f  t h e  f u n g i  were p u r i f i e d  

by  t h e  s i n g l e  s p o r e  i s o l a t i o n  t echn ique .  

These  s p e c i e s  were i s o l a t e d  from t h e  i n f e c t e d  o r g a n s  

The compounds were s e p a r a t e l y  d i s s o l v e d  i n  wa te r  i n  d i f f e r e n t  

c o n c e n t r a t i o n s  (100, 250, 500, 750 and 1000 ppm) f o r  t e s t i n g  

a g a i n s t  s p o r e  g e m i n a t i o n .  A d rop  of t h e  s o l u t i o n  of  each  compound 

from d i f f e r e n t  c o n c e n t r a t i o n s  was kep t  on a g l a s s  s l i d e  and c o n i d i a  

( approx  200), funga l  r ep roduc ing  s p o r e s ,  were mixed i n  each d rop  of  

s o l u t i o n  s e p a r a t e l y  with t h e  h e l p  o f  an i n o c u l a t i n g  n e e d l e .  

t r e a t m e n t  was r e p l i c a t e d  t h r i c e  and a p a r a l l e l  c o n t r o l  s e t  i n  

w a t e r  was run  c o n c u r r e n t l y  on s e p a r a t e  g l a s s  s l i d e s .  A l l  t h e  

s l i d e s  were i n c u b a t e d  i n  humid chambers (humid i ty  95 %) a t  25A 2OC 

f o r  24 hours .  Each s l i d e  was obse rved  u n d e r  t h e  microscope f o r  

spore g e m i n a t i o n  and t h e  p e r c e n t  i n h i b i t i o n  of spo re  ge rmina t ion  

was f i n a l l y  c a l c u l a t e d .  

Each 

RESULTS AND DISCUSSION 

The a n a l y t i c a l  d a t a  of t h e  complexes ( T a b l e  1) i n d i c a t e  t h a t  

a l though  r e a c t i o n s  between c o b a l t ( I I ) ,  BH or I N H  have been  c a r r i e d  

o u t  i n  1:1, 1 :2  and 1:3 ( M :  L )  r a t i o ,  o n l y  BH formed 1:3 ( M :  L )  

complexes wi th  c o b a l t ( I 1 )  c h l o r i d e  and n i t r a t e .  1:2 ( M :  L )  comp- 

l e x e s  were fonned wi th  a l l  o t h e r  metal  s a l t s  and l i g a n d s ,  1:l 
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198 NARANG ET AL. 

T a b l e  4. Observed and C a l c u l a t e d  Q and hkl Values f o r  

[Co(BH 1 2 ( H 2 0  21 (NO3) and iCo( BH 1 2 ( H 2 0  1 21 SO4 

Powder R e l a t i v e  
p a t t e r n  2 8 d i n t e n s i t y  QObs. Qca l .  hkl 
l i n e  

1 
2 

3 
4 
5 
6 

7 
8 
9 

10 
11 
1 2  
13 
1 4  

1 5  
16 
17 
1 8  
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 

6.018 
7.466 

9.532 
10.729 
11.822 
14.738 
16.933 
17.599 
18.699 
19.195 
20.086 
22.613 
23.546 
25.423 

28.229 
29.584 
31.060 
31.776 
32,560 
39.237 
39.878 

41.726 
44.311 
56.783 
60.792 
61.784 
63.687 
64.286 

14.6860 
Ll. 8409 

9.2781 
8.2457 
7.4857 
6.0104 
5.2360 
5.0893 
4.7452 
4.6237 
4.4206 
3.9320 
3.7783 
2.5034 

3.1612 
3.0195 
2.8792 
2.8160 
2.7500 
2.2931 
2.2606 

2.1646 
2.0442 
1.6213 
1.5236 
1.5015 
1.4611 
1.4490 

4569 
45 

88 
48 

556 2 

13 8 
35 
95 
48 
82 

101 
46 
54 
51 
43 
44 
28 
31 
33 
35 

29 
43 
21 
20 
26 
26 

19 
28 

0. 0046 
0. X71  

0.0116 
0.0147 
0.0178 
0.0277 
0.0365 
0.0393 
0.0444 
0.0468 
0.0512 
0.0647 
0.0700 
0.0825 

0.1001 
0.1097 
0.1206 
0.1261 
0.1317 
0.1902 
0.1957 
0.2134 
0.2393 
0.3804 
0.4308 
0.4436 
0.4684 
0.4763 

0.0046 
0.0071 
0.0117 
0.0163 
0.0184 
0.0284 
0.0360 
0.0376 
0.0439 
0.0468 
0.0514 
0.0652 
0.0698 
0.8823 

0.1007 
0.1099 
0.1204 
0.1267 
0.1320 
0.1911 
0.1957 

0.2141 
0.2392 
0.3804 
0.4319 
0.4442 
0.4671 
0.4765 

100 
0 01 

101 
111 
200 
002 
220 
112 
2 21 
202 
212 
222 
302 
203 

22 3 
3 13 
422 
511 
204 
621 
541 

63 1 
640 
734 
483 
546 
861 
7 45 
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COBALT(I1) COMPLEXES WITH SOME AROYLHYDRAZINES 

T a b l e  4. (Contd.  ...) 

199 

Powder Re1 a t  i ve 
p a t t e r n  2 8 d i n t e n s i t y  Sbs. h k l  Qcal  . l i n e  

1 
2 
3 
4 
5 
6 
7 
8 
9 '  

10 
11 
1 2  

6.078 
7.872 

10.273 
11.698 
12.145 
13.277 
14.771 
20.123 
20.790 
22.961 
24.460 

25.086 

14.5399 
11.2302 
8.6106 
7 .5649 
7.2876 
6.6684 
5.9920 
4.4127 
4.2725 
3.8731 
3.6392 
3.5497 

638 
40 

195 
43 

4 16 
29 
31 

117 
33 
22 
42 
66 

0.0047 

0 . W 9  
0.0134 
0.0174 
0.0188 
0.0225 
0.0278 
0.0513 
0.0548 
0.0667 
0.0755 
0.0794 

0. a 7  
0.5079 
0.0126 
0.0174 
0.0188 
0.0235 

0.0267 
0.0504 
0.0548 
0.0690 
0.0758 
0.07 99 

100 
001 
10 1 
111 
200 
2 10 

201 
202 
311 
321 
103 
41 0 

complexes were not  o b t a i n e d  unde r  t h e s e  c o n d i t i o n s .  The r e a c t i o n s  

l e a d i n g  t o  complex fo rma t ion  may have proceeded a s  fo l lows :  

Co3-6H20 + 2 ( L )  --> [ C O ( L ) ~ ( H ~ O ) ~ ] X ~  

where L = BH o r  I N H ;  x = c1-, NO; o r  $,SO;' 

and CoX2.6H20 + 3 ( B H )  -> [ C O ( B H ) ~ ] X ~ . ~ H ~ O  

where X = C1- o r  NO3-; n = 0, 3. 

All t h e  complexes a r e  i n t e n s e l y  coloured and s t a b l e  s o l i d s .  The 

BH complexes a r e  r e d  o r  pink i n  c o l o u r  and t h e  I N H  complexes a r e  

brown. The c o b a l t ( I 1 )  s u l f a t e  complexes a r e  non-melting up  t o  

3Oo0C, whereas t h e  remaining complexes m e l t  between 17O-26O0C. 

All t h e  complexes a r e  f a i r l y  s o l u b l e  i n  w a t e r ,  e t h a n o l ,  DMF, DMSO 

and p y r i d i n e  b u t  i n s o l u b l e  i n  chloroform,  ace tone ,  e t h e r  and 

benzene. The complexes show m o l a r  conductance v a l u e s  o f  M 

s o l u t i o n  between 200-243 ohm-' mol'l cm2 i n  w a t e r  a t  room tempe- 

r a t u r e ,  s u g g e s t i n g  t h a t  a l l  t h e  complexes a r e  1:2 e l e c t r o l y t e s  . 4 
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N 0 0 

Table 5 A .  Antifungal  A c t i v i t y  of C o b a l t ( I 1 )  Complexes and T h e i r  Components 

~~ ~~ 

% I n h i b i t i o n  o f  spore germinat ion Corn pound 

A l t  e r n a r i a  t enuiss ima A. a l t  e r n a t  a - A. t r i t i c i n a  

(PPm) ( PPm) ( PPm) ...................... ..................... -___---_________________ 
100 250 500 750 100 250 500 750 100 250 500 750 

8 20 56 91 11 27 53 E l  8 21 48 04 BH 
I NH 6 11 55 7 2  7 10 33 65 6 13 44 63  

30 58 82 92 Co Cl 2. 6 H 2O 30 67 85 96 31 68 77 96 

Go(N0312.6 H 2 0  44 7 0  85 100 34 83 90 100 42 7 0  88 100 

13 31 45 65 &SO4. x y o  11 41 51 70 17 39 54 68 

[ Co(BH) 3] C12.3 H20 42 85 100 100 42 73 100 100 35 7 0  100 100 

[ Co (INH 1 2(H 2O 36 71 100 100 37 71 94 100 32 67 8 8  100 

48 87 loo 100 [a(BH)31 (N03)2 54 76 100 100 45 60 100 100 
21 Cl 

[ Co( I N H )  2( H 2 0  ) 21 ( NO3) 46 67 89 100 35 85 100 100 44 80 m 103 

[ Co( BH 19 44 53 90  19 44 77 91 LE 40 63 82  
2(H 2O 21 SO4 

17 42 49 81 18 42 7 3  90 17 35 60 80 [ C O ( I N H ) ~ ( H ~ ~ ) ~ I S O ~  
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Table  5 A .  (Contd. ...) 

% I n h i b i t i o n  of spore  germination Compound 
A .  sesami (ppm) - -  A. b r a s s i c a e  (ppm) - ...................... ....................... 

100 250 500 750 100 250 500 750 

BH 9 18 57 77 

INH 6 13 44 74 

c o d  2. 6 H20 24 56 81 94 

Co ( NO3 ) 2. 6H20 44 75 90 100 

C0SO4* xH20 7 38 54 67 

[ Co (BH ),I C1 .3H20 37 93 100 100 

[Go (INH)2(H20 2] C1 28 60 82 100 

I Co(8H 131 (NO3 2 53 86 100 100 

[CO (INH) 2(H20. 1 21 ( ~ 0 3  12 47 81 96 100 

c Co( BH 2(H20 21 SO4 20 50 68 91 

8 22 53 

4 8 23 

32 58 76 

45 75 86 

13 31 56 

35 85 100 

33 67 80 

59 81 100 

46 80 93 

29 43 79 

72 

31 

93 

100 

72 

100 

100 

100 

100 

86 

[CO(INH)~(H~O ),I SO4 16 30 68 85 17 33 76 84 
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h) 0 N 

Table 5 8 .  An t i funga l  A c t i v i t y  o f  C o b a l t ( I 1 )  Complexes and T h e i r  Components 

Compound % I n h i b i t i o n  o f  spare g e m i n a t i o n  
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T a b l e  58. (Contd. ...) 

% I n h i b i t i o n  o f  spo re  g e m i n a t i o n  Compound 
Fusarium oxysporum F. oxysporurn l i n i  Helminthosporwn sativum - - - u d m  ( P P ~ )  ( PPm) ( ppm ) 

~~ 

BH 2 1  36 6 4  80 33 43 65  87 21 40 70 84 

I N H  

c o d  2.6~20 

16 30 6 0  7 6  26 37 55 83 11 29 54 76 

26 7 6  90 100 33 70 86 100 23 6 3  8 2  100 

Co( NO3) 2 .  6 H20 34 85 100 100 42 7 8  90 100 28 69 85 100 

15 46 65 77 C0SO4. xH20 17 36 55 81 1 9  43 68 79 

[ Co ( BH ) 3 ]  C l  2. 3 H20  40 83 100 100 44 86 100 100 30 7 4  100 100 

40 8 2  100 100 24 68 86 100 

[CO (BH ),I ( ~ 0 ~ )  46 85 100 100 48 80 100 100 34 7 6  9 0  100 

[ Co ( I N H  ( H20 21 C1 37 81 100 100 

[ C O ( I N H ) ~ ( H ~ O ) ~ ]  ( N 0 3 ) 2  41 87 100 100 45 80 100 100 31 56 87 100 

[Co(BH 2(H20  SO4 30 61 94 100 39  75 92 100 22 52  78 100 

I c o  ( I N H  1 2 (H20 1 21 so4 26 56 87 100 36 6 8  80 100 18 48 73 89 
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204 

Dehydrat ion S t u d i e s  

NARANG ET AL. 

Dehydrat ion s t u d i e s  h a v e  been  c a r r i e d  o u t  between 8O-15O0C. 

[ C O ( B H ) ~ ] C ~ ~ . ~ H ~ O ,  show 

wi thou t  any change i n  c o l o u r  i n d i c a t i n g  t h e  p re sence  o f  approxi-  

m a t e l y  t h r e e  w a t e r  molecu le s  i n  t h e  l a t t i c e .  The remaining complexes 

show weight l o s s  between 13O-15O0C accompanied by  a change i n  c o l o u r  

from pink t o  b l u e ,  s u g g e s t i n g  t h a t  t h e  w a t e r  molecu le s  a r e  coord i -  

n a t e d  t o  t h e  me ta l  i o n .  The change i n  c o l o u r  may b e  due t o  a change 

i n  t h e  s t e r e o c h e m i s t r y  of  t h e  complexes from o c t a h e d r a l  t o  t e t r a -  

h e d r a l  upon removal o f  two w a t e r  molecu le s .  

an i n c r e a s i n g  weight  l o s s  o n l y  up  t o  ilooc 

Magnetic Moments and E l e c t r o n i c  S p e c t r a  

O c t a h e d r a l ,  t e t r a h e d r a l  and s q u a r e  p l a n a r  c o b d t ( I 1 )  complexes 

show magne t i c  moments between 4.7- 5.2, 4 .2 -  4.8 and 2.2- 2.9 B.M. ,  
5 r e s p e c t i v e l y ,  because  o f  t h e  o r b i t a l  c o n t r i b u t i o n  . 

obse rved  between 4.68- 5.12 B.M. f o r  t h e  p r e s e n t  c o b a l t ( I 1 )  complexes 

were f a i r l y  c l o s e  t o  t h o s e  r e p o r t e d  f o r  t h r e e  unpa i r ed  e l e c t r o n s  i n  

an o c t a h e d r a l  environment.  

The k e f f  va lues  

C o b a l t ( I 1 )  complexes g a v e  rise t o  t h r e e  a b s o r p t i o n  bands  i n  

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

t h e  e x c i t a t i o n  o f  t h e  e l e c t r o n  from t h e  ground s t a t e  4T1a(F) t o  t h e  - 
e x c i t e d  s t a t e s  4T2g(F) ,  4A2g( F) and 4 T19(P). I n  c a s e  0 f - [ C o ( H ~ 0 ) ~ ] ~ + ,  

t h r e e  t r a n s i t i o n s  were obse rved  a t  8130, 17540 and 21980 cm-16, 

r e s p e c t i v e l y .  I n  t h e  p r e s e n t  c a s e  o n l y  two bands  were obse rved  

between 8330- 9295 cm'l (v,) and 19840- 20830 an'' (v,) s u g g e s t i n g  

o c t a h e d r a l  geometry f o r  t h e  complexes. 

obse rved  due t o  ve ry  weak i n t e n s i t y  . The v a r i o u s  l i g a n d  f i e l d  

pa rame te r s  (10 Dq, 8, p ,  8' and LFSE) were a l s o  c a l c u l a t e d  and 

i n d i c a t e  a c o n s i d e r a b l e  c o v a l e n t  c h a r a c t e r  o f  t h e  L L  bonds (Tab le  2 ) .  

The v2 t r a n s i t i o n  was no t  
6 
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COBALT@) COMPLEXES WITH SOME AROYLHYDRAZINES 

I n f r a r e d  S p e c t r a  

205 

The bond ing  o f  t h e  l i g a n d s  BH and I N H  t o  c o b a l t ( I 1 )  h a s  been 

judged  by  a c a r e f u l  comparison o f  t h e  i n f r a r e d  s p e c t r a  o f  t h e  comp- 

l e x e s  wi th  t h o s e  o f  t h e  f r e e  l i g a n d s  i n  N u j o l  m u l l s .  A few 

s i g n i f i c a n t  bands  have been  s e l e c t e d  t o  o b s e r v e  t h e  e f f e c t  on 

l i g a n d  v i b r a t i o n  i n  t h e  complexes.  

I n  BH and I N H  complexes,  t h e  y(N-H) bands  a r e  normally b r o a d  

b u t  t h e  c e n t r e  o f  t h e  bands  a r e  s h i f t e d  t o  l o w e r  f r e q u e n c i e s  (40-60 

an-') compared t o  t h o s e  o b s e r v e d  i n  t h e  p a r e n t  l i g a n d s  a t  3290 and 

3220 an-', r e s p e c t i v e l y  ('Table 3 ) .  T h i s  s i g n i f i e s  bonding of t h e  

t e r m i n a l  -NH2 group t o  t h e  me ta l .  

u s e d  for j u d g i n g  t h e  c o o r d i n a t i o n  o f  t h e  C = O  group. I n  BH and I N H  

v ( C = O )  

complexes Y ( C = O )  
7 

i n d i c a t i n g  c o o r d i n a t i o n  o f  t h e  C=O group t o  t h e  me ta l .  

band  of BH and I N H  

appea r  t o  have  s h i f t e d  c o n s i d e r a b l y  t o  l o w e r  f r equency  upon complex 

fo rma t ion .  Compared t o  t h e  l i g , n d s  bands ,  a s h i f t  t o  h i g h e r  

f r equency  (5-10 an-') i s  o b s e r v e d  i n  t h e  amide 111 bands  i n  a l l  t h e  

complexes s u p p o r t i n g  c o o r d i n a t i o n  th rough  t h e  C = O  group . 

The amide I band ,  v ( C = O )  i s  

a p p e a r s  a t  1665 and 1670 an'', r e s p e c t i v e l y .  I n  a l l  t h e  

i s  s h i f t e d  t o  lower  f r equency  by 20-30 un- l ,  

The amide I1 

appea r ing  a t  1570 and 1560 an-', r e s p e c t i v e l y ,  

8 

A weak band,  v ( N - N ) ,  appea r ing  a t  885 and 980 an-' i n  BH 

and INH, r e s p e c t i v e l y ,  s h i f t e d  t o  h i g h e r  f r equency  by  40-60 an'' 

s u g g e s t i n g  involvement  of t h e  - N H 2  group i n  bonding . I n  t h e  

l i g a n d s ,  a r o m a t i c  r i n g s  show a b s o r p t i o n s  around 1600, 1500 and 

1410 an-'. 

s h i f t e d  i n  p o s i t i o n  i n  t h e  s p e c t r a  o f  a l l  t h e  complexes i n d i c a t i n g  
7 non-involvement o f  t h e  phenyl or p y r i d y l  r i n g  i n  t h e  c o o r d i n a t i o n  . 

9 

These  v i b r a t i o n s  remain e i t h e r  u n a l t e r e d  or s l i g h t l y  

L a t t i c e  w a t e r  abso rbs  i n  t h e  r eg ion  3550- 3203 an-' ( a n t i -  

symmetric and asymmetric 0 - H  

(H-0-H bend ing  modes)". 

s t r e t c h i n g )  and a t  1630-1610 un" 

These  v i b r a t i o n s  o f  wa te r  o v e r l a p  wi th  
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206 NARANG ET AL 

N-H s t r e t c h i n g  and bending modes and t h e  r e g i o n  355013200 cm-' 

i s  g e n e r a l l y  b r o a d  i n  t h e  complexes c o n t a i n i n g  wa te r  molecu le s .  

B e s i d e s  showing t h e  above v i b r a t i o n s ,  most of t h e  p r e s e n t  complexes, 

excep t  [ C O ( B H ) ~ ] C ~ ~ . ~ H ~ O ,  a l s o  show weak bands  between 900- 940, 

7 5 0 -  770 and 640-  660  un-l  due t o  wagging, t w i s t i n g  and r o c k i n g  

modes o f  c o o r d i n a t e d  wa te r  molecu le sL2 .  

I n  a l l  t h e  c o b d t ( I 1 )  n i t r a t e  complexes t h e  bands appea r ing  

n e a r  1400, 825  and 710 an-' sugges t  i o n i c a l l y  bonded NO3- groups.  

S i m i l a r l y ,  i n  t h e  c o b a l t ( I 1 )  s u l f a t e  complexes a band obse rved  a t  

The non-ligand bands  -1130 an-' s u g g e s t s  an i o n i c  s u l f a t e  group. 

o c c u r r i n g  between 495- 520 cm-l have been a s s i g n e d  t o  v ( b 0 ) .  

new f r e q u e n c i e s  o c c u r r i n g  i n  t h e  300- 325 cm-l and 260- 280 cm-' 

r anges  have been  t e n t a t i v e l y  a s s i g n e d  t o  v(M-N) and v(M-Cl), 

r e  spe  c t  i v e l  y l' . 

The 

Based on t h e  above d i s c u s s i o n ,  two g e n e r a l  s t r u c t u r e s  for 

t h e  metal  complexes a r e  proposed i n  Fig.  1. 

%Ray D i f f r a c t i o n  S t u d i e s  

X-ray powder d i f f r a c t i o n  method p r o v i d e s  a way o f  i n v e s t i -  

g a t i n g ,  w i t h i n  l i m i t s ,  t h e  c r y s t a l l o g r a p h y  o f  a c r y s t a l  i n  powder 

form. 

[ C O ( B H ) ~ ( H ~ O ) ~ ]  SO4 were r e c o r d e d  and s u c c e s s f u l l y  indexed by  

I t o ' s  method13 (Tab le  4 ) .  

The d i f f r a c t i o n  p a t t e r n s  f o r  [Co(BH )2(H20)2] ( N 0 3 ) 2  and 

The fo l lowing  l a t t i c e  c o n s t a n t s  were 

o b t  a ined:  

a b c (3  
i Go (BH 1 2(H20 1 21 ( NOg) 6 . 0 2  6.02 7 . 4 6  

[ Co (BH ) 2(H20 ) 2] SO4 6.08  6.06 7.67 

These  v a l u e s  ( a  = b #c)  a r e  c o n s i s t e n t  w i th  a t e t r a g o n a l  c r y s t a l  

l a t  t i ce13 .  
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COBALT(I1) COMPLEXES WITH SOME AROYLHYDRAZINES 

Where 

x p .  n H20 

207 

where X = Cl-, NO$ j R =C6Hcj (BH) j n -0 a n d  3 

Fig.1. Representative Saructures of the Cobalt(I1) 
Corn ptexes 

A n t i f u n g d  A c t i v i t y  

The expe r imen ta l  d a t a  (Tab le  5) i n d i c a t e  t h a t  t h e  l i g a n d s ,  

me ta l  salts  and t h e i r  complexes show a v a r y i n g  degree  o f  a c t i v i t y  

a g a i n s t  f u n g i  v i z .  A l t e r n a r i a  t e n u i s s i m a .  b .  a l t e r n a t a ,  8. t r i t i c i n a ,  

A. b r a s s i c a e ,  A. s e s a n i ,  C u r v u l a r i a  l u n a t a ,  Pseudocercospora s p . ,  

C o l l e t o t r i c h u m  c a p s i c i ,  Fusarium oxysporum 9, 2 .  oxysporum 

and Helminthosparum sa t ivum a t  100, 250, 500, 750 and loo0 ppm. 

The e f f e c t  i s  s u s c e p t i b l e  t o  t h e  c o n c e n t r a t i o n  o f  t h e  compound used  

f o r  i n h i b i t i o n .  T h e i r  a c t i v i t y  i s  g r e a t l y  enhanced a t  t h e  h i g h e r  

c o n c e n t r a t i o n .  All t h e  complexes show 100 % a c t i v i t y  a t  loo0 ppm, 

many of them even a t  750 ppm and a few a t  500 ppm. 

- - -  

The metal 
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complexes show g r e a t e r  a c t i v i t y  t h a n  t h e  l i g a n d s  o r  t h e  c o r r e s -  

ponding  me ta l  s a l t s  a lone .  BH and i t s  complexes seem t o  be  s l i g h t l y  

more t ox ic  t h a n  INH and i t s  complexes.  The complexes vary i n  t h e i r  

a n t i f u n g a l  a c t i v i t y  wi th  r e s p e c t  t o  t h e  a n i o n s  i n  t h e  o r d e r :  

NO3- > C1- > S042-. 

The t o x i c i t y  o f  t h e  complexes  can b e  r e l a t e d  t o  t h e  s t r e n g t h  

o f  t h e  m e t a l -  l i g a n d  bono, b e s i d e s  o t h e r  f a c t o r s  such a s  s i z e  o f  

t h e  c a t i o n L 4 ,  r e c e p t o r  s i t e s L 5 ,  d i f f u s i o n 1 6  and a combined e f f e c t  
.- 

of  t h e  me ta l  and t h e  l igand ' '  f o r  i n a c t i v a t i o n  o f  t h e  b i o m o i e t i e s .  
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