
0 

Physical Sciences Section 

Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 

COMPARATIVE STUDIES OF PROTON MAGNETIC RESONANCE OF SOME 
ISOCOUMARINS AND ISOCARBOSTYRYL-4-CARBOXYLIC ACID. PART I 

A. KAMAL, NILOFER KAZI, TAHIRA BEGUM, M. AFROZE KHAN and ASAF A. QURESHI 

PCSIR Laboratories, Karachi 39 

(Received October 23, 1970) 

The PMR studies of isocoumarin4carboxylic acid (I), methyl isocoumarin4-carboxylate (II), 7-methoxy- 
isocoumarin4carboxylic acid (111). methyl 7-methoxy isocoumarin4carboxylate (IV), 7-methoxy-3.4-&hydro- 
isocoumarin (V), 6.8-dimethoxy isocoumarin (VI) and isocarbostyry14-carboxylic acid (VII) have been described. 

The general methods of syntheses of isocoumarins 
have been well established by different workers.' 
However, there is no data available to date on their 
proton magnetic resonance. As quite a few of the 
isocoumarins prepared by one of us were avail- 
able, it was felt of interest to undertake their PMR 
studies, particularly of the coupling constants in the 
benzenoid region and to record their UV and I R  
absorption. All the compounds were recorded in 
DMSO (db), except in one case where the use of 
CDC13 could not be avoided to study the solvent 
effect of such a polar and strongly hydrogen 
bonded solvent. 

,The PMR spectra of isocoumarin-4-carboxylic 
acid (I) (in DMSO db) showed very fine splitting 
between the aromatic protons HA, HB, YC and 
HD. The HA proton showed a double doublet 
at r 0.76 with ortho and meta coupling ( J 8 c/s 
and 2 c/s respectively) with H g  and Hc. As 
expected the chemical shift of HA appeared at  a 
low value due to the presence of th€ carbonyl 
group in the vicinity. The proton HD appeared 
at r I . I I as an  ill-defined double doublet with its 
ortho coupling with Hc well established ( ] 8 CIS). 

The remaining two protons HB and Hc showed 
a double doublet centred a t  r I .40 and r I .  76 
with the coupling constant of 8 and 2 c/s for 01th; 
and meta orientations of these protons. The 
olefinic proton in ring B showed a sharp singlet 
appearing a t  r I . g and finally the hydroxyl proton 
of the carboxyl group which showed up as a broad 
hump centred a t  r 2.48 completed the PMR 
picture of isocoumarin-4-carboxylic acid (I). 

The UV absorption band appeared a t  Amrx 
320 nm (c 5648) with shoulders a t  270 nm (c 7949) 
and 24.4 nm ( c  13380). With a drop of base it 
showed a slight bathochromic shift with bands at  
An, 324 nrn ( c 4273) and 265 nm ( c 6 I 34). The 
original spectrum was regained with a drop of acid. 
Its I R  spectrum Nujol showed strong absorption 
bands at 3356 O H  cm-I, 3077 cm-I, 2778 
cm-I, and 1686 cm-I carboxyl >CO. The rest 
of the supporting bands appeared a t  1634, 14.93, 
1473, 1387, 1350, 1316, 1277, 1181, 1161, 1064, 
1036, 1009, 894.5, 802.6, 788, 751.9 and 689.7 
cm-I. 

The PMR spectrum of methyl isocoumarin-q- 
carboxylate (11) showed a sharp singlet at  r 6.2 

lsocoumarin-4-Carboxylic acid 

DHSO 

I 
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The PMR of 2,6-din~ethy1-3,5-diethoxycarbony14-forny1-1,4-dihydropyridine (1). 2,4,6-trimethyl-3.5- 
diethoxycarbonyl-l,4-dihydropyridine (II), 2,4.6-tri1neth~l-3,~-diethox~carbon~l~-propyl- 1,4 - dihydropyridine 
(Ill), 2,6-dimethyl - 3,5 - diethoxycarbonyl-4-(4'-methoxyphenyl)-1 ,4-dihydropyridine (IV), 2.6-dimethyl - 3.5- 
diethoxy-carbonyl4-(3'-methoxy4'-hydroxyphenyl)1,4-dihydropyridine (V), 2.6 - diniethyl- 3,5 - diethoxycar- 
bonyl-4-styryl-1 ,4-dihydropyridine (VI), 2,6-ditnethyl-3.5 - diethoxycarbon4-fury1-1,t.I - dihydropyridine (VII), 
2,4.6-tri-(4'-methoxyphenyl)-l,3:5-trithian (VIII) and 2,4,6-tri-(2',3'-dilnethoxyphenyl)-1.3.5-trithian (IX) has 
been studied. 

In earlier communications the syntheses of sub- 
stituted dihydropyridinesl and a number of 
substituted trithians2 in aqueous medium were 
reported alongwith their UV and I R  absorption 
data. Since these compounds were still available, 
it was felt of interest to undertake their PMR 
studies. All these compounds were run in DMSO 
(d6) due to their low solubility in other solvents. 

The PMR, spectrum of 2,6-dimethyl-3,5- 
diethoxycarbonyl - 4-formyl - I ,  4-dihydropyridine 
(I)  showed a triplet and a quartet centred at 
.c 8.78  (6H) and r 5.75 (4H) due to A2R3 system 
of the ethyls of the two ester groups substituted 
a t  the 3 and 5 positions ( JA2 B2 7 CIS). The two 
methyl groups present a t  2 A d  6 positions ap- 

, peared as a singlet at T 7.76 for the two C-methyl 
groups. The two geminal protons present a t  
position 4 showed two doublets centred at r 3.8 
and T 3.6 ( J 2 CIS). Finally, the remaining N H  
proton appeared a t  T 2.3. 

The PMR spectrum of 2,4,6-trimethyl-3,5- 
diethoxycarbonyl-I, 4-dihydropyridine (11) showed 
a doublet and a quartet centred at r 9.49 (3H) 
CH3-CH and .c 6.04 (H, CH3-CH; J 
7.3 CIS). A triplet and a quartet appeared 
a t  T 8.62 (6H) ; and r 5.7 (4H) due to 
A2B3 system of the two ethyls of the ester 
groups ( JAzB3 7 . 3  CIS). The two C-methyl 
groups a t  2 and 6 positions being under 
  den tical environments appeared as a singlet 
at T 7.62 (6H). Finally the remaining proton 
(NH) appeared a t  .c 0.82. 

The PMR spectrum of 2,6-dimethyl-3,5 - 
diethoxycarbonyl - 4 - propyl - I ,4 - dihydropyridine 
(111) showed an ill-defined triplet centred a t  
T g .2 (3H) for C-methyl attached to a series of 
methylene groups, as in long chain aliphatic 
compounds.3 There was an ill-defined triplet 
centred a t  r 8 . 7  (IoH) for the protons of two 
C-methyl of the ester groups and two methylene 
groups of the side chain. The 2,6-dimethyl groups 

appeared as singlet a t  T 7.7 (6H). There was a 
triplet centred at T 6.2  ( I H )  due to the methine 
proton at position 4. A quartet centred at T 5.7  
(4H) due to A2B3 system for protons of the two 
methylene groups of the ethyl ester ( 7 
CIS). The last proton for >NH appeared at usual 
place a t  .c o . 8  ( I H )  as was observed in the previous 
two cases. 

PMR spectrum of 2,6-dimethyl-3,5-diethoxy- 
carbonyl - 4 - (4'- methoxyphenyl) - I ,  4-dihydropy- 
ridine (IV) showed a triplet a t  8.79 for the two 
methyls of the two ethoxycarbonyl groups (6. H ;  
CH3-CHZ; JA 7 .3  CIS) and a quartet a t  T 5.62 

2 3  
(4H; CH3 - CHZ ; JAzB3 7 .3  CIS). A singlet a t  
r 4.66 ( I H )  appeared for the proton a t  4 position 
of the dihydropyridine ring. The two C-methyl 
groups at 2 and 6 positions appeared as a singlet at 
T 7.6 (6H). The signal for the three 0-CH3 
protons appeared a t  7 6.26 (3H). The four 
benzenoid protons appeared as a double doublet 
a t  : 2.58 and r 2.18 for four benzenoid protons 
( 1  10 CIS, ortho-coupling; and J I .8 CIS, metu- 
coupling). Finally the >NH proton signal ap- 
peared a t  r 0.27 ( IH) .  

The PMR spectrum of 2,6-dimethyl- 3,5- 
diethoxycarbonyl-(3'-methoxy-4'hydroxyphenyl) - 
1,4-dihydropyridine (V) showed a triplet and a 
quartet centred a t  T 8.78 (6H) and r 5.98 (4H) 
for the two ethyls of the ethyl ester groups a t  
positions 3 and 5. The two methyl groups a t  
positions 2 and 6 appeared as a singlet a t  T 7.7 
(6H). The protons of 0-methyl ether group 
appeared a t  r 6.25 (3H) as a sharp singlet. The  1 

methine proton substituted a t  position 4 appeared $ 

as a singlet a t  r 5 .  I ( I  H).  The benzenoid protons 
appeared as a double doublet centred a t  T 3.32 4 
(2H; Ha, Hb) and .c 1 :35 ( I H ;  Hc) showing 
ortho- and meta-coupling wlth each other J 8 and 2 
CIS. The proton of O H  and NH appeared as  
sharp singlet a t  r 2.55 ( IH)  and .c 0.6  ( IH)  res- 
pectivcly. 
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PCSIR Laboratories, Karachi 39 
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Comparative PMR studies of the 2,6-dimethy1-3,5-dietho~carbony1~~heny)-14-dihrpyi (I), 
2,ddimethyl- 3,s-diethoxycarbonyl-4 -(2' - chlorophenyl ) - 1.4 - dihydropyridine (II), 2,6-dimethyl-3,s-diethxy- 
carbonyl-4-(3'-hydroxyphenyl ) - 1, 4dihydropyridine (111), 2,6-dimethyl-3,5-diethoxycarbonyl-4-(4'-nitrophenyl)- 
194-dihydropyridine (N), 2,6-dimethyl-3, 5-dietho~y-c~rbony14-(3~,4'-dimethoqphenyl)-l, 4dihydropyridine(V), 
2.6-dimethyl-3, 5-diethoqcarbonyl-4-(a-naphthy1)- 1,4dihydropyridine (VI) aFe described. 

In our previous communications we have des- 
cribed the PMR spectral studies of some iso- 
coumarinsl, dihydropyridines and trithiam2 In 
continuation of these studies we are describing 
PMR studies of some more dihydropyridines 
available to us. 

The PMR spectrum of 2-6,dimethyl-3, 5- 
diethoxycarbonyl -4 - phenyl - I ,4-dihydropyridine 
(I) showed a triplet and a quartet centred at 

8.85 (6H) and .r 5 .6 (4H) due to an A2B3 system 
of the ethyl groups of the two ester groups, sub- 
stituted at positions 3 and 5 (IAzA3 =7 HZ). The 
two C-methyl groups substituted at position 2 

and 6 appeared as a sharp singlet at r 7.6 (6H). 
Methine proton gave a single peak at r 4.7 ( IH) . 
The five phenyl protons being in identical en- 
vironment gave a sharp peak centred at 7 2 .  I (5H). 
Finally, the NH proton appeared at T 0 . 2  ( I  H). 

The PMR spectrum of 2,6-dimethyl-3,5 - 
diethoxycarbonyl-4-(2'-chlorophenyl) ,I  ,4-dihydro- 
pyridine (11) showed a triplet and a quartet 
centred at 7 8.75 (6H) and 7 5.7 (4H) due to AzB3 
system of the ethyls of the two ester groups, sub- 
stituted a t  3 and 5 positions ( ]A2B3 =7 HZ). 
The two C-methyl groups present at 2 and 6 
positions appeared as a singlet at r 7.6 (6H) 
due to identical environment. The methine proton 
a t  position 4 appeared as a singlet at 7 6.2 ( IH) .  
The four benzenoid protons appeared at r I .g 
(4H). Finally, the NH proton appeared at TO. 5 
(IHI. 
'   he PMR spectrum of 2, 6- dimethyl - 3, 5- 
diethoxycarbonyl-4 - ( 3' - hydroxyphenyl ) - I,  4- 
dihydropyridine (111) showed a triplet and a 
quartet centred at r 8 .7  (6H) and r 5.7 (4H) 
respectively due to A2B3 system of the ethyl of two 
ester groups substituted a t  3 and 5 positions 
( IAzB3 =7 HZ). The two C-methyle groups 
present at 2 and 6. positions as a singlet at r 7.6 
(6H) due to identical environment. The methine 
proton at position 4 appeared as a singlet at 
.r 4.75 (IH). The four benzenoid protons ap- 

peared as a singlet at r 3 .o(4H). The OH proton 
appeared at r o .8 ( IH) . Finally, the NH proton 
appeared at r 0.5 ( IH) .  

The PMR spectrum of z,6-dimethyl-3,5 - 
diethoxycarbonyl-4- ( 4'-nitrophenyl ) - I  ,4-dihydro- 
pyridine (IV) showed a triplet and a quartet 
centred at r 8.75 (6H) and r 5 .8  (4H) respectively 
due to A2B3 system of the two ethyls of the two 
ester groups, substituted at positions 3 and 5. 
(IA2,? =7 Hz). The two C-methyl groups sub- 
stitutdd at position 2 appeared as a sharp singlet 
at r 7.55 (6H) due to identical environment. 
The methine proton at position 4 appeared as a 
singlet at r 5.6 ( I  H) . The four benzenoid protons 
appeared as two doublets centred at 7 2. I 2 (2H; 
bb') and r I .38 (2H; aa') showing ortho coupling 
(7 Hz). The aa' protons appeared at lower r 
value due to the neighbouring NO2 group. The 
proton of NH appeared at T 0.5 ( I  H) .  

The PMR spectrum of 2,6-dimethyl -3,5- 
diethoxycarbonyl-4-( 3', 4'-dimethoxyphenyl) - I  ,4- 
dihydropyridine (V) showed a triplet and a quartet 
centred at 7 8.75 (6H) and r 5.7 (4H) due to A2B3 
system of the ethyls of two ester groups. substituted 
at the 3 and 5 positions ( ], , =7Hz). The two 

2 3  
C-methyl groups present at 2 and 6 positions ap- 
peared as a singlet at r 7.6 (6H) being in identical 
environment. The two -OCH3 groups being in 
identical environment appeared as a sharp singlet 
at r 6.05 (6H). The methine proton at position 
4 appeared as a singlet at r 4.82. The three 
benzenoid protons appeared as a doublet centred 
at 7. 2.67 (3H) showing meta coupling ( 1-3 Hz). 
Finally, the NH proton appeared a t  7 0.5. ( IH) .  

The PMR spectrum of 2,6-dimethyl-3,5- 
diethoxycarbonyl - 4 - ( a-naphthyl ) - I ,  4 - dihydro- 
pyridine (VI) showed a triplet and a quartet 
centred at r 9 .  I (6H) and r 5.7 (4H) due to AzB3 
system of the ethyls of the two ester groups, sub- 
stituted at positions 3 and 5 ( ] A ~ B ~  =7 Hz). 
The two C-methyls substituted a t  positions 2 and 6 
appeared as a sharp singlet at T 7.52 (6H)- 
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Comparative PMR studies of diindolyl-3-methane (I), (3'-nitrophenyl)-diindolyl-3-methane (II), (4'-nitro- 
pheny1)-diindolyl-3-methane (111), (4'-methoxypheny1)-diindolyl-3-methane (IV), (3', 4'-dimethoxyphenyl)di- 
indolyl-3-methane (V,, (2'-hydroxypheny1)diindolyl-3-methane (VI) and (a-naphthy1)diindolyl-3-methane have 
been described here. 

In earlier ~ommunications~,~>3 we have des- 
cribed the comparative PMR studies of different 
types of compounds, such as the isocoumarins, 
dihydropyridines and trithians. In continuation 
of these studies we, are now describing the PMR 
spectra of diindolyl series. 

The PMR spectrum of diindolyl-3-methane (I) 
showed a singlet at  5.6 (2H) for methylene 
protons. The benzenoid protons being under 
identical conditions appeared as a multiplet at 
-7.2.7 (8H). The protons of indole nucleus 
(adjacent to NH) appeared as a multiplet at  T 2.4 
(2H). The remaining two NH protons appeared 
as a broad peak at T 2.25 (2H). 

The PMR spectrum of (3'-nitropheny1)-di- 
indolyl-3-methane (11) showed a sharp singlet 
a t  T 3.28 ( IH)  for methine proton. The ben- 
zenoid protons of the indolyl group showed a 
multiplet at T 2.42 (8H). All the other ben- 
zenoid protons of the substituted nitrophenyl 
group appeared as a complex multiplet at : I .g8 
(4H). The two a protons adjacent to NH group 
showed an ill-defined multiplet, centred at T I .4 
(2H). The remaining two protons of the NH 
groups gave a singlet at T o .75 (2H).. 

The PMR spectrum of (4'-riitropheny1)-di- 
indolyl-3-methane (111) showed a singlet for 

methine protons at T 3.6 ( I  H). The benzenoid 
protons of indolyl group appeared as a multiplet 
centred at  T 2.78 (8H). The other benzenoid 
protons of the substituted nitrophenyl group 
appeared as two doublets, showing ortho coupling 
( J7Hz) centred at T 2. I (2H; a, a') and T 2.55 
(2H; b,bl) respectively. The a protons of indole 
group appeared at T I .5 (2H) as a doublet. The 
remaining two protons of the NH group showed a 
broad singlet at T 0.98 (2H). 

The PMR spectrum of (4'-methoxyphenyl)-di- 
indolyl-3-methane (IV) showed a singlet centred 
at s 6.2 (3H) for -OCH3 group. The proton 
of methine group gave a singlet at T 3.98 ( IH) .  
The protons of the benzene rings of the indole 
groups appeared as multiplet at  T 2.86 (8H). 
The benzenoid protons of 4'-methoxyphenyl group 
appeared as double doublet at T 2.75 (2H) and 
T 2.38 (2H) showing ortho coupling ( J-7 Hz) 
respectively. The two a protons of the indole 
rings appeared as doublet at T I .98 (2H). Finally, 
the protons of NH group showed a broad singlet 
at T 0 . 8  (2H). 

The PMR spectrum of (3',4' dimethoxypheny)- 
diindolyl-3-methane (V) showed a doublet cen- 
tred at T 6.2 (6H) for two -OCH3 groups. The 
proton of the methine group gave a singlet a t  



Pakistan J. Sci. Ind. Res., Vol. 14. Nos. 1-2, February-April 1971 

ACTION OF CARBON TETRACHLORIDE VAPOUR ON SULPHIDES 

Part 11.-CuS and ZnS 

M.H. KHUNDKAR, S.S.M.A. KHORASANI and A.M.R. CHOWDHURY 

Department of Chemistry, Dacca University, Dacca 2 

(Received May 27, 1970; revised September 19, 1970) 

Carbon tetrachloride rapour reacted directly with cupric sulphide according to 2CuS +CCl4=2CuCl2 +CS2. 
Some elementary sulphur was formed due to the decomposition of cupric to cuprous sulphide. At the optimum 
temperature of 500°C, yield of CSz was 80%. tosether with about 20% of elementary sulphur. No side reactions 
were noted. 

With zinc sulphide, the reaction followed the course 2ZnS +CC14=2ZnClz+CS2; but this was accompanied by 
the (unexpected) decomposition of carbon tetrachloride itself. This produced unsatisfactory results up to 400°C 
mainly due to the formation of sulphur chlorides. which apparently decomposed by 500°C. At this temperature 
(optimum), yield of CS2 was 85-90%. The remaining sulphur was believed to be adsorbed in the carbon formed 
by decomposition of the tetrachloride. 

Until recently preparation of anhydrous metal 
chlorides, either from the corresponding oxides 
or the sulphides have been made by high tem- 
perature chlorination with gaseous chlorine or 
when necessary with its admixture with reducing 
gases like carbon monoxide, sulphur dioxide or 
even by incorporation of carbon in the solid re- 
actant. The recent trend has been to use carbon 
tetrachloride as chlorinating agent for the re- 
fractory oxides; thus neptunium and niobium 
oxides have been effectively c h l ~ r i n a t e d ~ , ~  by 
carbon tetrachloride. In other studies oxides 
such as TiOz, BeO, ZrOz and T h o z  have been 
converted to their anhydrous chlorides in a similar 
manner.3 

The possibility of chlorinating metal sulphides 
with carbon tetrachloride has been little explored. 
An old observation4 claims that at moderate tem- 
peratures a number of sulphide minerals showed 
considerable reaction with CC14-air mixtures. 
The observation was of a qualitative nature and 
without any attempt to elucidate the reaction 
mechanism. Iron pyrites was reported5 to react 
with CC14 at 300-4o0°C giving chlorides of iron, 
FeS, S, C, and CSClz (thiocarbonyl chloride); 
but with Sb2S3 at 300-320°C, the products were 
claimed to be SbC13 and CS2. 

Formation of CS2 in a simple reaction between 
metal sulphides and carbon tetrachloride is indeed 
an interesting reaction not only from the theoretical 
point of view but also from its practical significance. 
Considering the very low temperature claimed 
for the reaction, Khundkar et aL6 restudied the 
reaction for Sb2S3 and also included that for CdS. 
It was noted that the reactions with these sul- 
phides produced sulphur chlorides at  low tem- 
peratures but above 450°C the reactions could be 
represented as : 

(a) 2SbzS3 + 3CC14=4SbC13+ 3CSz 
(b) 2CdS +CC14=2CdCla+CSz 

with some side reactions that indicated the for- 
mation of a small percentage of free sulphur. 

In the present investigation, a study of the action 
of CC14 vapour on CuS and ZnS was undertaken 
because no reference is available on these reac- 
tions; and earlier work 718 in this laboratory on the 
action of gaseous chlorine on CuzS and ZnS. 
showed similar behaviour of these sulphides as that 
for Sb2S3 and CdS. 

Thermodynamic considerations represented in 
the next section indicated favourable free energy 
values for the reaction leading to the formation of  
respective metal chlorides and carbon disulphide. 

Thermodynamics 

The thermodynamic feasibility of the respective 
reactions were estimated from the ACT values. 
for the formation of the different compounds 
calculated from the simple equation: ACT= 
AH298-TASzg8. The values for AH 0298 and 
entropies for the different entities were collected 
from standard sources9~1° and their mean values 
were taken where they differed. 

For the reaction, 2CuS(s) +CC14(g)=2CuClz(s) 
+ CS2(g) the following data were used : 

The AH '29s for Sz(g) was taken as 31,ooe 
cal/mole. The S " for C (graphite), Sz(g), Clz 
and Cu(s) were taken to be I .36, 54.4, 53.3 and 
7.97 call0K mole-I respectively. 

Using the above data the ACT for the reaction: 
2CuS(s) + CC14(g)=2CuClz(s) +CS2(g) can be  
found to be equal to (-2 I,  150-5.04T ) 
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ACTION OF CARBON TETRACHLORIDE VAPOUR ON SULPHIDES 
Part IU.-Hydrogen Sulphide 

M.H. KHUNDKAR and M~AVINUL ISLAM 
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(Received June 27. 1970; rcvired October 31. 1970) 

Reaction between hydrogem sulphide 2nd carbon tetrachloride vapour is unsatisfactory at low temperatures. 
At high temperatures two reactions take place: (i) 2HzS+CC1+=CS2+4HC!, and (ii! H ~ + C I I = W C I +  bS,. 
The latter reaction is believed ro bc through the decompos~r~on of carbon rctrachloride into orhcr compounds and 
'chlorine. The reaction is also dcpcndcllr on the rare offlow ofH,S (cvm if the carbon tctrachloridc vapour war in 
cxcrrr) and cm be considerably i iprovcd  by uiing suitable caraly<ts. 

At 870°C in the absence of any catalyst about 40% of rbr H Z  escaped unreacted, with only 22% of it being 
converted to CS2 and about 29% of free sulphur. With arbertor powder ar the catalyst the formarion of sulphur cat, 
be very much supprcrred as well as the proportion of unrcacred H 3  and cvnrrqucnrly the toral conversion to CSL 
was 71.5% (together with 12% of sulphur). Compared ro this with active charcoal as eat~lyst, CS2 yield war 
57.6% with20% unrcactedH2S. About 1 5 7  of the sulphur ir b e l i e ~ d  to rennin adsorbed ou the catalyst. 

The reaction in presmce of arbertor is belreved t o  have commercial possibilities for production of CS2. 

Carbon disulphide is an  important industrial 
solvent. Its main use is in the manufacture of 
rayon and cellophane. I t  is also uscd as solvent 
in a large numher of other industries and recently 
in the cold vulcanization of rubber. 

O n  a large scale, carhon disulphide is still mostly 
produced by heating sulphur and wood charcoal. 
During the Second World War, the requirement 
of elementary sulphur for this process posed a 
serious handicap due to the world shortage of 
brimstone. As a consequence, several alternate 
reactions were studied and suggested for large scale 
production of carbon disulphide. The utilization 
of by-product sulphur dioxide and hydrogen 
sulphide also attracted attention; and carbon- 
sulphur dioxide and carbon-hydrogen sulphide 
reactions were most widely studied for the pro- 
duction of carhon disulphide. 

The carbon-sulphur dioxide reaction was first 
studied by Rassow and Hoffmann' hut they got a 
low yield between 800 and goo0C. Later, Siller' 
worked out a three-step process as follows: 

(i) 3C+SO;= 2COS+C02 ( 5 ~ - 7 o o m C )  
(ii) zCOS = zCO+zS (1250") 

(iii) C+zS = CS, 
and claimed an overall yield of 85%. 

The carbon-hydrogen sulphide reaction was 
studied by Owen et al.3 between 700 to 1300°C 
who ohtained a maximum yield of 700,; carbon 
disulphide depending on the quality ofthe charcoal 
used. They alsoexplored the possibility of the exo- 
thermic production ofcarbondisulphide throughthe 
introduction of a little oxygen into the system.4 

Use ofhydrocarbon gases (particularly methane) 
with hydrogen sulphide for the production of 
carbon disulphide have been claimed in two 
patents$,' and also systematically studied by 
Waterman and Vlodrop.7 The overall endother- 
mic reaction could be carried out between 1080 
to 1z80°C with a conversion of 50 to 70% of H2S. 

In the ahove reactions, it was found that the  
yield and the reaction mechanism is affected by 
the nature of the carhon used. A numher of other 
reactions have also been studied in which the  
sulphur component remained the same hut the  
carhon was replaced by hydrocarbon. Thus 
Thacker and Miller8 studied the reaction hetween 
CH4 and S (vapour) a t  up to 700°C and by using 
various catalysts ohtained a conversion up to 90%. 

The reaction between CO and sulphur was 
believed to take place through the following 
mechanism:9 

2CO +S2 + 2COS 
2COS p C02+CS2 

I t  was later foundro that best results were obtained 
when CO was bubbled through molten sulphur 
containing suspended silica powder. 

A number of sulphides have been chlorinated 
in this laboratory with gaseous chlorine and it was 
found that under optimum condition metal 
ehlorides and elementary sulphur were obtained." 
In eontinuation of this work, it was recently 
observed",'3 that some metal sulphides could he  
successfully chlorinated with carhon tetrachloride 
to obtain carhon disulphide in relatively high 
yields. The reactions followed the general equa- 
tion: 2M,Sr+yCC14=2M,C12,+yCS~ 
Therefore, the reaction between hydrogen sul- 
phide and carhon tetrachloride, which may have 
industrial importance, was explored. Thermody- 
namic calculations presented in the next section 
indicated that for 'the reaction: 

2H2S -1- CCI,=CS2+qHCI, 
7 

ACT= -25,750- 63.047. 
The reaction was thus considered favourable 

hut dependent greatly on temperature. 
Very little information is available on the ahove 

reaction. An old reference is available in which 
the reaction was claimed to he useful for the pro- 
duction of thiocarbonyl chloride. Thiocarhonyl 
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EFFECT OF HYDROPHILIC SURFACES ON THE INTIMATE PROPERTY 'OF WATER 

A.K.lrl. AHSANULLAH* and M o r r ~ .  ESHAQUE MIAN 

Ph2sic.r Division, PCSIR Laboratories, Karachi 39 

(Received June 8, 1970) 

I'rc.l%c inr.<>rrslrt~rr n i  tlmcrmal cxp~n..~m ni i<.l>rnrlr n i  .ltl.trc r.,luri~~nr .,I rut, :.,ng-,haln polynlcr~ h.vr 
hrru \~r rnc , l  o x  w t l l  r.armnur i t .nmlrrrrlt .ns,  rmentg i r o n )  0 rn SO0 ppm pnlvnx. ~n rile t r ~ ~ ~ p r r a r t ~ r r .  rm<r bcrwrrm 
-2 C 2r8d 10 C. It 8 ,  i.,untl r l l ~ r  there occur ,  a ilci.nl!r ,hlic <.ithe r,wnr ~>~,I~.XIIIIIIIII LLI~II~V . ) iu . t~r  <.n i h r  add&- 
tion of a very small quantity ofpolyox in water. The maximum lowering of the point of maximum density ofwarer 
to 1.7"C occurs at 40&10ppln ofpolyox, with an  increase of about 1 %  in the absolute denriry of water ar the 
point of maximum denriry. 

It is tcntativelv sueeerted that the water molecules are able to arrance themselves in an orderlv wav around the . "" . . 
polymer molcculea, presumably forming a skin around rhe polynlcr c h a h  This orderins of water molcculcs, its 
range and depth, is depcndcnr on the specific co~~centrarion and upon the malecular weight of polymer. An erti- 
mate of the effective depth of ordering ir ma&, which co~nci  out to be of the order of300 AD to 400 AO. 

I t  has been reported in an earlier eommuni- 
cation1 that the temperature of maximum density 
ofwater is lowered from 4 to I .7"C by the addition 
of 50 ppm polyox in water. An increase of about 
1% in the absolute density of water at the point 
of maximum density has also been observed. 
These observations tentatively suggest that (a) 
a very small amount of long-chain polymer is able 
to modify the intimate structure of water hv a 
measura1;le amount, and (b) the maximwn 
density is under the control of forces or ~oter~t ia l s  
exerted over a considerable distance by the pre- 
sence of a suitable solute. 

In  order to make a further study of these possi- 
bilities, the measurements of thermal expansion 
o f  columns of very dilute solutions of two polymers 
(polyoxyethylene) of molecular weight 4,000,000 

a n d  6,000,ooo have been carried out with various 
concentrations ranging from o to 500 ppm polyox, 
a n d  are presented in this eommunication. 

Experimental 

The measurement of thermal expansion of 
columns of liquid is carried out by an especially 
made glass dilatometer, using a precision capillary 
and  having provision for inserting an accurate 
thermometer (readable to o . o ~ " C )  in the hulb 
o f  the dilatometer. The wide end of the dilato- 
meter is completely sealed off by inserting the 
thermometer lid. while an auxiliarv caoillarv of 
shorter length ( rocmin  length) issuifab1;atta;hed 
to the dilatometer to facilitate the filline of exoeri- - 
mental liquid into the dilatometer, as shown in 
Fig. 1. 

The filling technique as depicted in Fig. I .  

consists of a sn-.all bottle "A" containing the 
experimental liquid, which is connected to the 

'Now at: Mcnic Cell. Indurtricr Division, Government of 
Pakistan, Room No. 44, CDA Black 2, Islamabad. 

open end of the main eapillary "a" while the 
shortel capillary "b" is conneeted with an air 
suetion pump "C" through the flow hulb (or 
booster bulb) "B". By adjusting the rate of 
suetion, it is possible to fill the dilatometer, free 
from air-bubbles as well as atmospheric impurities. 
At the time of filling, the bore of the main capillary 
"a" nf the dilatometer is kept in a slanting position 
with the open end a little ahove the horizontal, 
and the position is jcst reversed while emptying 
(i.e. eapillary "b" takes the posltion of "a"). 
As soon as the dilatometer is completely filled with 
the experimental liquid, the open end of the short 
capillary is sealed, while the open end of the main 
capillary is covered with a suitable eap to avoid 
evaporation of the test liquid, thus virtually 
making it a closed system. 

The dilatometer is then supported inside the 
thermostatic bath (Townson and Mercer) by 
dipping it well inside the liquid, so that only two 
centimeters of the open end of the main capillary 
8' ,, a remains ahove the liauid level. The  tem- 
pcrdrurc of thr thrrmostati& bath is  ronrrollrd to 
. 0.00 I*(:. and it  is thcrcforc o o s ~ l ~ l r  todrtcrminc 

the exact temperature of thk test liquid within 
o . o ~ " C  without diffieulty. The length increment 
of the liquid column is measured with a reliable 
cathetometer, readable to 0.001 cm. The length 
increment of the liquid column is taken arhitra- 
rily from o0C, and the thermal expansion 
( AVx 104/V, ) is then determined by use of a 
readily deduced formula of the type: 

\ nr2 I 
where V, be the volume of dilatometer, L and Lo 
he the corresponding length of liquid column a t  
1°C and 0°C respectively and r he the radius of the 
capillary. The quantity nr2Lo ( c V , / ~ o o o  ), is 
a small correction term, and accurate determina- 
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VISCOSITIES OF DILUTE POLYMER SOLUTIONS: SIGNIFICANCE OF THE MARK- 
HOUWlNK CONSTANTS 

S. AHMED, S. AMIN and M.A. UDDIN 

PCSIR Laboratories, Dacca 

(~ecei"ed May 22, 1970) 

Constants Km and a of the Mark-Houmink equation, [II]=Km.Mo; are related to the polymer dimension in 
solution. Thcsc two parameterr, therefore, cm be urcd t o  cvalute the di~aension of polgmcrr. Two  mcthodr o l  

. estimating thc Flary Kfrom value, ofKm and a €or polyrtyrenc, polymethylmetharrylatc, bisphenol A polycarbannte 
and am lore arc verified. Thcrc methodr of evalnation o r b  seem to  apply for flcxible polymers md suggest [bar 
K ir  iod;pcndcnt of solvent power. 

Of the parameters of dilute solution viscosities of polymers in solutions. Values of a between 0 . 5  
polymers, the one with, any significance in terms and 0 . 8  indicating approximately isotropic coil 
.of macro-molecular dimension is the intr~nslc expansion represent flexible polymers a n d  valyes 
viscosity dcnoted by [q]., The relation between cxceeding 0 .8  suggest predominance of dra~nlng 

and molecular weight Mis  given by the Mark- effect. 
Houwink equation, In absence of theinteraction Qetween a polymer 

and a solvent 'the extension factar,:. =,,hecomes 
[ I I ]=K~.  Ma (I)  unity and such a solvent ?ep~ksent,.ng *=I, is 

where K,,, and a are constants for a given 
polymer-solvent system. Equation I ,  though 
empirical, has similarity in form with the equation 
of Flory-Fox1 deduced from the excluded volume 
consideration,' 

[,]=K. ~ * . . 3  - (2) 
where K=@(~:/M)~I '  (3) - 
and r: is the mean square end-to-end distance 
of  the molecule in the unperturbed state, a, the 
extension factor representing expansion over the 
unperturbed state and @, the universal constant. 
T h e  intrinsic viscosity [II] being dependent on 
temperature3 except in athermal solvents; Km 
and a appear to vary with temperature.3 How- 
ever, this paper concerns with the relation of ti,, 
and a with the molecular dimension and hence 
with K and not with their temperature coefficients. 

Excluded volume treatment of Flow1 ~redicts  
that m varies with M "=I in a solvent &which the 
interaction between polymer and solvent is absent 
and the exponent of M increases with increase in 
solvent power reaching the maximum of M0.I. 

[q], therefore, in a very good solvent becomes 
proportional to M0'8 whereas for cellulose deriva- 

termed a theta solvent for the polymer in ,the 
system. In this cond~tion of theta, dquatlons 
I and 2 can be equated with the result 

K=Km (4) 
and a=o. 5 ( 5 )  

With increase in the solvent power, the polymer- 
solvent interaction comes into consideration and 
deviations from conditions given in equations 4 
and 5 occur. Whatever be the magnitude of 
deviation, it is apparent that Km and a are related 
to the molecular dimension. Voek6 has suggested 
the following relationship between a and a ,  

a=(4m2- 3)/(5a'3) (6) 

which does not suggest variation of a with solvent 
and of with molecular weight and, therefore, 
is unreliable. Howevcr, it is possible to evaluate 
K from K,. and a .  It is also evident that such 
methods of determining K may not be applicable 
to stiff chain polymers4 which do not fulfil the 
requirements of Flory's excluded volume treat- 
ment and consequently of equation 2. 

Determination of Km and a are simple and made 
from the graphical representation of equation I 
in the loearithmic form. - - 

tives4 the exponent of M approaches unity. 
Flory's relationshipr represents a very close ap- 
proximation to the solution viscosities of flexible 
polymers. The behaviour of cellulose derivatives 
and stiff chain polymers in general can be ac- 
counted for hy the theory of Kurata et  a1.s which 
makes a n  allowance for = becoming proportional 
to iM116 in a vcry good solvent. The Mark- 
Houwink equation empirically represents the 
viscosity behaviour of both flexible and stiff chain 

- 
log[s]clog K m t a  log M (7) 

Reasonably homogeneous fractions are needed 
and the log-log plots of [.i] against M a s  is evident 
from equation 7 are linear (Fig. I ) .  Km and a are 
obtained from the intercept and the slope res- 
pectivcly. Values ofK,and a for polystyrene,7-" 
polymethylmethacrylate,I1-'7 bisphenol A poly- 
carbonate18 and a m y l o ~ e ' 9 ' ~ ~  in different solvents 
are given in Table I. 
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ESR SPECTRA OF CATION AND ANION OF AROMATIC HYDROCARBONS 

Proton Hyperfine Splitting and Electron Density Relationship* 

Institute o f  Chemistry, University o f  Islamabad, Rawalpindi 

(Received April 14. 1970) 

Some features of the McConoeU, Celpr-Bolton m d  Gircometti-Nordi-Pavan equations for AH, the proton 
hyperfine splitting in the ESR Ipectra of crtion and anion radicals of aromatic (alternmt) hydrocarbons are explored. 
An extended Huckcl molecular orbital type calculation is carried our on henzrnc (crtion md  mion) and AH if COI- 
related to the charge density on proton. Such corrclarion teems t o  explain the larger splitting constant (A" ) in 
carinn, generally ob~crved. 

ESR Spectra of the neutral radicals and radical 
ions have been of considerable interest to a quantum 
chemist, because this technique helps in mapping 
the electron densities of the molecular species.I 
ESR spectra of anion and cation radicalsof aroma- 
tic hydrocarbons, particularly the even alternants, 
have been of special interest. In these hydrocarbon 
ions the pi-electron densitiesoecur in pair, i.e., the 
unpaired pi-electron density of cation and anions 
are the same.' Henee, the molecular oro~ert ies  deo- 
ending upon the unpaired pi-electro~de~si ty shoujd 
be the same in anions. Since McConnellorooosed2 
his equation for the hyperfine splitting' cdnstant 
due to proton, attempts were made to interpret 
the ESR spectra of the radicals and cation and 
cation and anion radicals of aromatic hydrocarbon. 
When it was found that the AH, the hyperfine split 
tingeonstant, of cation radicals is greater than those 
of anion radicals, attempts were made to explain 
this phenomenon by proposing more elaborate equa 
tions.j'* All thesee quations eormlated AH to the 
pi-electron densities. In  the present study the elec- 
tron.and eharge densities on protons are calculated 
and  eorrelated to AH. An extended Huckel-type 
molecular orbital calculations on benzene cation 
and anion, taking into account all the sigma and 
pi-electrons, was performed to illustrate this point. 

Results and Discussion 

In aromatic hydrocarbons the 'active' electrons 
move in pi-orbitals which have node in the mole- 
cular plane containing protons. Thus an odd 
electron supposedly cannot interact with protons 
except through 'polarizing' sigma electrons. 
McConnell derivcd2 equation I ,  t a k i n ~  s i p a -  

core and P, is the unpaired pi-electron density 
on the carbon atom to which hydrogen is attached. 
This equation has been widely used to interpret 
the ESR spectra of radicals and radical ions 
including aromatic hydroearbon radical ions. 

The alternant hydrocarbon anions and cations 
follow pairing theorem1 and the unpaired electron 
(spin) density should be the same in these two 
ions. This means the cations and anions should 
have the same AH. This is contradictory to the 
observation.5 The  anions and cations of nap- 
thalene, for example, have different AH (see ref 
5 and 7 for other examples), cation having larger 
AH. Since the pairing theorem is mueh deep 
rooted and the McConnell equation was in- 
adequate to explain AH in these ion radicals al- 
ternative equation were proposed. Colpa and 
Bolton3 proposed, 

AH = APc + KEp ( 2 )  

where, E=(q,-I) is the excess charge, A and K 
are constants. Giacometti, Nordio and Pavan 
proposed,' 

AH = B PC + D Pcr (3) 
where pcr is the bond order of the bond between 
the carbon atom, to which proton is attached and 
the contiguous carbon atoms (summation), B and 
D are constants. While Fraenkel et al. showed 
Copla-Bolton equation to be superior, Higuchilo 
have proved this equation to be theoretically 
incorrect. Huckel-molecular orbital and more 
sophisticated molecular orbital method for pi- 
electrons have been used in conjunction with these 
equations.3'*'$ Full discussion are given by 
Amos and Snyder,$ and Fraenkel el al.7 

These more-than-one-term eauations (2 and 2) - - . -~~ - - - ~ ~  ~ 

pi interaction, suffer from several other defecis. The 'values idf 
A H =  Q "  S H ~ C  (1)  K and D are quite sensitive to the excess charge 

Q:. being 'polarizing parameter' of sigma and bond orders and dcpends upon the type of - 
*A part of the M. Phil. dissertation submitred t o  the Institute molecular orbital methods employed. Besides, in 

of Chemistry, Islamabad University, Rawrlpindi, Pakirtm. some alternant hydrocarbons the second term in 
 NOW at ihc Department ~f Ctcmirtry. N ~ ~ , I , ~ ~ ~ ~ ~ ~  the above equations becomes zero and one gets 

University, Evmrton. Ill. 60201, U.S.A. back the McConnell equation. Other drawbacks 
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SYNTHETIC STUDIES OF BIFLAVONOIDS. PART I 

S. AHMAD and (Miss) S. RAZAQ 

D m g r  Research Division, PCSIR Laboratories, Peshawar 

(Received M a y  9. 1970) 

5,s'-Dihydroxy-7-7"-dimctI~oxybiflaaoncC a dimcr of rhc naturall;. occurring flavonc (tectochrysin) has bcm 
prepared bv Ullman coupling of 5.7-dimcrhoxy-8-iodofl~vonc. The synthcri, of the biflavonc and related com- 
pounds is  described. 

I t  is believed that the biflavones are formed in / / 

Nature by means of oxidative coupling of simpler "'0 

flavones. This lead us to the synthesis of a 
biflavone (IVb) which may be found in Nature 

OMc 0 OM. 0 on biogenetic grounds.' 0 
n 

Thus 5,7-dimethoxyflavone (IIIa) was prc- 
pared as follows: Benzoylation of 2-hydroxy 
4,6-dimethoxyacetophenone gave ester I. I t  gave 
negative ferric test. Baker-Venkataraman trans- 
formation of I gave diketone 11. I t  gave positive 

I 
= -  

ferric reaction. Compound I1 was smoothly 
cyclised toflavone IIIa. The flavone, m.p. 148-50°C OR o 

(lit.] 143-45'), had the expected NMR spectrum 
(discussed later). OR o rn .: a = a t u c ,  a':n 

m 02 R:Me 
b: R = R k M e ,  #=I 

lodination4 of flavone IIIa  with iodine mono- 
D' I):H 

a=u, a'=ur, a'=# 
chloride in acetic acid gave the iodo derivative c:  e : ~ ~  a: e=c=u, a ~ u .  

IIIb. Demethylation of I I Ib  with boron tri- ., a=a'=a';u 
9 ,  Rk,, e.=,"*. e=Ax chlorides gave 5-hydroxy-7-methoxy-8-iodoflavone 

(IIIc) which gave negative Gibb's test, indicating 
substitution of iodine at position 8. This was ~ ~ ~ ~ t h ~ l ~ t i ~ ~  of 5,7-dimethoxyflavone with 
confirmed by the comparison of NMR spectrum boron trichlorideJ gave tectochrysin] IIId while 
of I I Ia  with IIIb. The former showed two demethylation with H I  gave chrysin] IIIe. This 
doubIets73.61 (H, J2 c/s) 3.42 (H,  J z  c/s) assign- also constitutes a synthesis of chrysin and tecto- 
ed to the protons a t  6 and 8 position, respectively, &rysin which to our knowledge have not been 
whereas in the latter a singlet appeared a t  r 3.57 synthesised by this 
assigned to the Droton a t  6th ~os i t ion .~ ,7  

5y7 - ~ i m e t h o x ~  - 8 - iodoflavone ( I I Ib  ) on 
Ullman1'8 coupling gave a dark brown solid 
which failed to crystallise. On  methylation, 
this solid gave colourless prisms, m.p. 318-19" 
of the biflavone (IVa). This structure was sup- 
ported by microanalysis and mass spectrum 
(M+; 562). The NMR showed a singlet at 
7 3.37 (zH) due to the two identical protons1 a t  
positions 6 and 6". Two singlets at r 5 .9  (6H) 
and r 6 .  I (6H) were assigned to methoxyl protons 
at 5,5'-and 7.7"- positions, respectively.9 Deme- 
thylation of IVa with boron trichlorides gave 
5,5" - dihydroxy - 7,7" - dimethoxybiflavone (IVb), 
a dimer of the natural flavone tectochrysin (IIId).] 
I t  gave positive ferric test. The proposed struc- 
ture was supported by the mass spectrum (M+; 
534)) analysis and the NMR spcctrum of the 
compound (see Experimental). Treatmcnt of 
IVb with acetic anhydride and pyridine gave the 
diacetate IVc, m.p. 297-3ooo, the mass spectrum 
of which showed (M+; 618). 

Experimental 

All m.ps are uncorrectcd. The I R  spectra 
were recorded as nujol mulls on Beckman I R  4. 
The NMR spectra were determined on deutcro- 
chloroform solutions using T M S  as internal 
standard in a Varian A-loo spectromcter. 

4.6 - Dirnethoxy - 2,- benzoy1oxyacetophenon.e ( I ) .- 
2 - H y d r o ~ ~  -4,6 -dlmethoxyacetophenonc ( I  7 g) 
and benzoyl chloride (30 ml) were added t o  
pyridine (30 ml) and the solution was heated on 
water bath for b hr  and was left overnight a t  room 
temperature. Ice-cold water was added to the 
solution which was extractcd with ether. The 
ethereal layer was successively washed with 20% 
HC1, 10% NaHC03 and water. The ethereal layer 
was dried and evaporated to give a thick oil which 
was crystallised from methanol as colourlcss prisms 
of 4 , 6  - dimethoxy - 2 - benzoyloxyacetophcnone 
(13.4 g), m.p. 86-87". vmrx 1742, 1680 and 1620 
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SPECTROPHOTOMETRIC DETERMINATION OF MOLYBDENUM AFTER EXTRACTION 
OF THE Mo (V1)-Sn II)-CNS SYSTEM BY A HIGH MOLECULAR WEIGHT A W E  

PCSIR Laboratories, Peshawar 

Au $nvcrrig~tion of rhr romplcx formed bctwccn molybdenum(W) md rhiocyartc in prcsmrc o f  Sn (11) in 
hydrochlortc acid solutions has bccn crrricd out. and it's emactability by r high molecular weight aminc (HMWA) in 
organic rolvcnr cxrminrd. The orrngc olourcd Mbo(V1)-Sn(I1)-CNSsomplcx is quwtitrtivcly crtrrcrrblc 
from m aqueous phase into nn organic phase containing tricmrylnmine. On the barir of this cxtrrctability a method 
har bccn dcvdoprd for the rpcctrophotomctric dctcrminxrion of molybdenum in prrrnrcc of man other clcmnra. 
Comparison of rhr absorption spectra of the colovrcd species in the a ueour andrmincpha,cs ind;crrc the prcsnrcc 
of rhc rrmc ilbsorprion species in each medium. The cxtrrrtability o?tbc romplcr by r HMWA suggcrrr that the 
colourrd rprciu b anionic. 

The use of hieh molecular weieht amine Exnerimental 
(HMWA) as "liq;id anion exchang&sW and ex- 
tractant for anionic complex metal ions has been Abbaratus 
mainly confined to the sdparation of specific pairs 
of ions'-4 and to the extraction of uranium, 
thorium and p lu tonium. ' -Vn several cases, 
the elucidation of the structure of anionic species 
on the basis of extraction has been possible.9-T2 
The most popular method of extraction of metals 
is as the halocom~lexes from hvdrochloric acid ~ ~ 

solution into an organic phase containing the 
amine. The present author studied the extraction 
of tin chl~rocom~lexes of Pt(IV),'I Pd(II)'4 and 
Rh(1II)'J for the first time by HMWA. 

In acid solution, thiocyanate gives an amber to 
orange red colour with molybdenum in presence of 
stannous chloride. Isoamyl alcohol and iso- 
propyl ether are used as extractants for increasing 
the stability. The latter has the advantage of 
lower solubility in water as compared to isoamyl 
alcohol and thcrefore a mixture of isoamyl alcohol 
and carbon tetrachloride have been recomrnend- 
ed . t6 

It  has been observed that the colour on extraction 
and even before extraction devclops a red colour 
on shaking with amyl alcohol, probably due to 
atmospheric oxidation of iron(II1) thiocyanatc 
which is an undesirable feature. 

In a study on the nature of the Mo(V1)-CNS 
cnmplex system, Babko17 indicated the formation of 
red colour to be due to the presence of Mo(CNS)' 
in which molybdcnum exists in quintuplicate form. 
I n  the belief that the species was more likely to be 
anionic than a neutral complex, investigations 
were begun in this laboratory with the 
aim of using tribenzylamine to extract the 
species and, if possible, use it for the spectro- 
photometric determination of molybdenum. 
The investigations were carried out to this 
end. and the results obtained are reported s below. 

. . 
Beckman Model Du spectrophotometer. 

Reagents 
Molybdenum Standard Solution.-I .5  g pure MOO, 

was dissolved in a few ml of dil sodium hydroxide, 
diluted wlth water, made slightly acidic with 
hydrochloric acid, and made upto I 1. The 
solution was further diluted to o.oor% in o. I N  

hydrochloric acid I ml=lo wg. 
Tin Chloride.-lo g of the dihydrate in roo ml of 

I N  hydrochloric acid. 
Ferrous Ammonium Su1phate.-I g in roo ml of 

o . ZN sulphuric acid. 
Potassrum Thiocvnnate.-roo/, aa solution. ," . 
Tribenzy1amine.-A O .  PM solution was prepared 

by dissolvine the crvstals in chloroform. All other 
chemicals used were of AnalaR Gradc. 

Formation of the Mo(JrI)<NS Complex and Extrac- 
tion by Tribenzy1amine.-The orangecoloured com- 
plex was formed by adding thiocyanate into a 
solution containing molybdenum in presence of 
hydrochloric acid and iron. The colour due to 
iron thiocyanate was readily discharged by the 
addition of stannous chloride and the orange 
colour of molybdenum thiocyanate was shaken 
with 5 ml of tribenzylamine in chloroform for 1-2 

min. The ~ h a s e s  were allowed to seuarate and 
the coloured complex was quantitatively extracted 
into the oreanic uhase. The colour of the comulex 
after extr;tionAwas the same as in the aquZous 
phase. After filtering through filter paper to 
remove suspended watcr droplets, the solution 
was made upto volume in to ml flask with chloro- 
form and the absorption spcctrum determined 
with respect to a blask containing all the reagents, 
but no molybdenum, and extracted in the same 
way. The spectrum obtained is shown in Fig. z., 
In  Fig. I the absorption spectrum for the Mo (V1)- 
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STUDY OF X-RAY POWDER DIFFRACTION AND INFRAR~D'ABSORPTION ,. . . . . . .~ . OF.P,O~ 

Thc inslitufz for Salicale &search and the Institute for Inorganic Chernisiy, 
Chalw~ers Uniuersily of Technology, Gothenburg, Sweden 

(Kccclvcd Mag 22, 1970) 

X-ny powder diiTr~raction data of the stable orthorhombic furrrl (0'-forln) of phorphorur pc~ltuxidc lrave bccn 
indexed. IR spectra of bath rhc hcragon~l (H-form) and the 0'-form hauc bccn recorded. 

Phosphorus pentoxide exists in different modi- the sample. The tape itself shows no X-ray 
fications both in the crystalline and in the amor- diffraction, so it created no trouble during X-ray 
phous state. Commercial P,OS is hexagonal and analyses. The IR spectra of both the H-form and 
is known as the H-form. It can be obtained in the the 0'-form were recorded by KBr tablet method 
pure state by resublimation in uacuo. A powdery on a Beckman spectrophotometer model IRg. 
amorphous type of Pa0$ may be obtained by rapid 
cooling during sublimation. There are two or-  
thorhombic forms, one is metastable (0-form) 
and the other stable (0'-form). The stable form 
was prepared and used as a reagent during the 
investigation of the systems MgO-P20S and 
Cs0 , -P20S  by the author. Its X-ray powder 
diffraction data were not indexed previously. 
Hill, Faust and Hendricks' say that %the ortho- 
rhombie form is heated below its melting point 
(569°C) for a long time a tetragonal (T-form) 
modification of P20S  is produced. They have 
reeorded its X-ray powder diffraction data. 

Experimental  
Certain amount (ca. 3 g) of commercial P,05 

was sealed in a Pyrex glass tube. The tube was 
evacuated during sealing. It  was then heated at 
4oo0C for 6 hr in a platinum-rhodium wire wound 
tube furnace. After cooling to the room tempera- 
ture the glass tube was cut-opened in a dry-box 
made for handling hygroscopic materials. Phos- 
phorus pentoxide formed a hard mass. I t  was 
transferred to an  air-tight reagent bottle and pre- 
served in a desiccator containing PIOs as desiccat- 
ing agent. This sample was used for X-ray and 
IR analyses. 

The X-ray powder diffractogram of the stable 
orthorhombic form of P,05 was recorded with 
the help of a Philips X-ray dlffractometer using 
copper target and nickel filter. The scanning 
speed was o.5"lmin. The samples for X-ray 
analyses were prepared in a dry-box. The hard 
mass of PLOJ was powdered finely in an agate 
mortar and then put into the cavity of the sample 
holder; it was immediately covered with a trans- 
parent tape to prevent absorption of moisture by 

-- 

*Now at  Glass md Ccramicr Research Division. PCSIR 
Lxborrtoricr, Dacca 5. 

Resul t s  a n d  Discussions 

X-ray powder diffraction data of the stable 
orthorhombic form of PIOS have been shown in 
Table I .  The d-values (interplanar spacings) in 
this table are quite different from that of the 
H-form (Table 2)  and the T-form (Table 3) of 
P20S. It shows that the 0'-form is a new phase. 

The transformation of the hexagonal P,OI 
to the stable orthorhombie form occurs at 400°C 
and the process of change is sluggish. The density 
of the hexagonal form is 2.10 g/cm3 while that 
of the orthorhombic form is I .87 g/cml. This 
shows that the structure of the 0'-form is more 
open and as a result the volume of its unit cell is 
bigger. The I R  spectrum (Fig. la) of the or- 
thorhombic form contains several well-defined 
absorption bands which supports that there are 
substantial amount of vibrations among the atoms 
and there are bendings of the bonds in the P 2 0 S  
molecule. All the absorption hands lie in the 
region 1400 cm-I to 400 cm-I. The two bands 
a t  825 cm-' and 800 cm-' respectively are very 
sharp. The IR spectrum (Fig. rb) of the hexa- 
gonal form of P,OI is quite different. I t  contains 
no well-defined absorption bands. There is 
one strong and broad valley in the wavelength 
range 3200 cm-I to 2600 cm-I. There is another 
similar valley in the wavelength range 1350 cm-' 
to 800 cm-I; in this region there are two absorption 
bands of medium intenkities. The absorption 
band a t  470 cm-I is very strong but broad. This 
spectrum ( I  b) shows ali the characteristics of the 
hexagonal structure o f  thc  H-form of P2O5. 

The structure of P t 0 5  is complex. The stable 
orthorhombic form consists of an infinite. array 
of P o 4  tetrahedra.= Each of the tetrahedra shares 
three of its oxygen atoms with other PO4 
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CHEMICAL CONSTITUENTS OF CORCHORUS OLITORIUS AND CORCHORUS 
CAPSULARIS (JUTE) 

Part II.*-Isolation of Corosin and  B-Sitosterol f r o m  Roots 

M. M ~ ~ z o o n - 1 - K ~ u n ~  and AMINUL ISLAM 

Technological Research Board, Jute Research Institute, Pakistan Central Jute Committee, Dacca 15 

(Received December 30. 1970) 

A new compound, now designated as rororin, C30H4607, m.p. 292-293O (dcc.)[x] +3g0 ( ~ 0 . 5 %  in methanol) 
and 8-snostcrol, m.p. 137-138aC, have bem isolated from rhc roots o f  Corrhnrvr ropsulorir and Corihorur oliroriur 

plants. Cororin gave an acetate, m.p. 257-258-C, CI4HjoO9. [el lD)O-4-50 (r ,  0.96% in methanol). Corosin on 
refluring in ethanol containing hydrochloric acid gave a product now designated rr  corojir add, m.p. 285-286" (dec). 
C ~ O H ~ ~ O S ,  [=]$'+188~ (i, 0.76% in methanol). On accrylarioo cororic acid gave an ornate, m.p. 247- 
W C .  CjlH4gOg, [a]1E+127' (c, 0.9% in methanol). 

Earlier chemical investigations on the jute 
plants were mainly carried out on the seeds and 
leaves of Corchorus capsularis plant. 1-3 Raffinosc, 
jute oil, B-sitosterol, m.p. 137-VC, B-sitosterol 
D-glucoside, m.p. 294-6' and strophanthidin, 
m.p. 1754'C are the principal components re- 
ported so far. The identity and purity of cor- 
choside A, m.p. 190-gz°C and corchoside B, 
m.p. 137-4o°C, have not yet been established. 

A systematic examination of the jute plant has 
now been undertaken in these laboratories. No 
investigations have so far been reported on the 
roots of the plant. Any useful product which 
may be present in the roots, if isolated, will be of 
great significance to the cultivators of this cash 
crop. The present investigation was carried out 
on freshly collected roots from the harvested 
iute plants. The roots were extracted with ethanol - - 
at room temperature following the procedure of 
Manzoor-i-Khuda. '6-2' The ethanolic extrac- 
tives were evaporated under reduced pressure to a 
mainly aqueous concentrate. The precipitated 
mlid was collected after cooling and purified 
through fractional crystalisations (charcoaling). 
The less soluble fraction was first leached out with 
petroleumether, then the residue purified by frac- 
tional precipitation (methanol-water) to give a 
new compound after repeated crystallisations from 
pure methanol, m.p. zgz -293O dec. now 
designated as corosin,'8 C3,H4607, [a] p+ 39' 
(c, 0.5% in methanol). Corosin tends to be pre- 
cipitated as a gel, but on very slow crystallisation 
from ethanol (or methanol) well-defined hexagonal 
plates were obtained. The more soluble fractions 
gave after further purification p-sitosterol, m.p. 
137-38'C. On silica gel G thin layer chromato- 
graphy, corosin gave an Rr value of 0.08 when 
developed with 30% ethyl acetate in benzene as 

Tart 1. M. Manzoor-i-Khuda and (Mn.) Rarhida Islam, 
Pakistan J. Sci. lod. Rer., 13, 234 (1970). 

compared to an Rr value of 0.7 for B-sitosterol. 
After a detailed investigation the most suitable 
solvent for thin layer chromatography on silica 
gel-G ( 2 5 0 ~  thick) plates was found to he chloro- 
fom-thy1 acetate-formic acid mixture (55:40:5) 
which gave an Rr valuc of o .47 for corosin (60 min 
development). Corosin was obtained from both 
C .  olitorius and C .  capsularis roots and is soluble in 
methanol, moderately soluble in ethanol and 
tetrahydrofuran and sparingly soluble in other. 
usual organic solvents. Corosin is acidic in nature 
and dissolves readily in dilute aqueous ammonia 
at room temperature. The aqueous mother 
liquors of the plant extracts from C .  oliforizu and 
C .  capsularis both showed clearly the presence of 
raffinose, glucose, fructose and arabinose. Sucrose 
and galactose were detected in traces.'7 Addi- 
tionally, some crystalline inor~anic salts were 
obtainkd from the concentrated aqueous solution. 

The compounds reported in the 
literature includes presenegenin isolated from 
Polygala scnega, m.p. 3 10-1 lo, [a] D + ~ I "  (c, I .16% 
MeOH), triacetate, m.p. 219-z20°, [a] D+ I loo 
(c 2.32% CHCI3)"YZ0 which has been assigned the 
structure p,3 B, 27-trihydroxylolean-2-ene-z3,28- 
dioic acid. The three other hydroxy acids reported 
in the literature include lucernic acid [a] =?+ 12.4~ 
(< 0.6 pyr.) \isolated asitsacctatc)2' isolated from A- 
falfa, hydroxyscncgcnin m.p. 246253'; [a] gT5. 7'. 
derived from scnegenin,=O somalin m.p. 1974'; 
[m] E+g .502' and barringtonic acidZ3 which 
appears to he same as compound D, m.p. 285'; 
[a] :+ ~g.6 ' ,  from the wood of Bawingtonia acut- 
a n g ~ l a . ~ 4  The structure assigned to hydroxy- 
senegenin shows its primary hydroxyl p u p  (C-27) 
attachcd to the carbon 12 instead ofat 14 as in pre- 
senegenin and the double bond is at 13-14 
position of the ring skeleton. Another triterpenic 
dicarboxylic acid C30H4607 reported from 
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A. KAMAL, NILOFER KAZI and ASAF A. QURESHI 

PCSIR Laboratories, Kbrachi 39 

(Kcccivcd Ocrohcr 31, 1970) 

Thc rynrhcsir of amudol (XI), a mold mrtabolitc, has been carried out by two different routes starting from 
2.5-diI~ydruxyacctopI~cnonc and 2.5-dihydroxybenroic ac~d. 

In  the previous communication we have des- 
cribed the synthesis of amudol' (2,5-dihydroxy- 

tritiating amudol to identify its presence in the 
mixtore. However, for reasons of low yicld the 
symthesis could not be evaluated. I n  this com- 
munication wc are reporting the synthesis of 

01lDdillOLi ESiERnCATlON amudol, with z,5-dihydroxyacetophcnrlne ( I )  and 
2,s-dihydroxybenzoie acid (VI I )  as  starting mate- 
rials a3 shown in Chart I .  

The IR socctrum showed ahsorntion bands a t  ~. 
3240 em-' (free O H ) ,  3050 cm-I (hydrogen hondcd 
OH),  1630 cm-I (COCH3),  1600 and I 560 cm-' 
(benzene ring stretching). 

The PMR spectrum in pyridinc-d6 showed 
a short singlet a t  7 7.72 (jH,-COCH,). I n  the 
bcnzenoid region there was a doublet a t  ; 3 . 5  ( I H ;  
J l o  c/s) and superimposed quartet centred a t  
73.27 ( I H ,  J l o  and  2 e/s), indicating the ortho 
and mela environments of these two protons res- 
pectively. T h e  third hcnzenoid proton appeared as 
an ill-defined doublet a t  7 3.02 ( I H ,  J 2 c/s) indi- 
cating a meta substitution on the benzene ring. 
The remaining two hydroxyl protons appeared 
a t  r 1.75. 

The  above 2,5-dihydroxyacetophenone was 
acetylated with acetc anhydride in pyridine 

53 
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STUDIES IN THE BIOCHEMISTRY OF MICROORGANISMS 

Part XV1U.-Isolation of Kamusol and Structure of  Kojic Acid, Mannitol, Kojic Acid 
Methyl Ether, Methyl Octa-z,q,6-triene-1-carb0xylate and Tetronic Acid, 

Metabolic Products of Aspergillus sulphureus 

A. KAMAL, YASMEEN HAIDER, RAFIA AKHTAR and As.4~ A. QURESHI 

PCSIR Laboratories, Karachi 39 

(Received November 13, 1970) 

Irolxtion o f  six inetabolircs o f A q e r g i l i u r  r~~ip l t t r r rar  is dprcribed. Structures of 6uc of these, viz. ko j ic  acid. 
mann~rol, koi ic  arid rnono~ncrhyl ether, methyl ocrr-2,4.6-trienc-l-ccrboxyI1rc, and tetronic acid, arc ertablishcd 
=bile rbc sixth nlcrabolite komurol. C7Hrq07 has been characrcri~ed as a penrahydroxy compound. 

AsPergillus sulphureus Thom and Church at r 4.3  disappeared on deuteration, indicating 
has been isolated from the soil of different parts two hydroxyl protons. The above data, leads to 
of Pakistan. However, no attempt was made the structurc of kojic acid, which is a known 
uptil now, to study its metabolie products. In metabolite and has been isolated from a number 
the present communication we have described of molds, such as Aspergiliur j l aou~ ,~  Aspergiliur 
the isolation of a number of metabolites indicus,a and Arper.gillus rtellalus Curzi.4 
when this particular mold was grown on This structure was further confirmed by taking 
Czapek-Dox mcdium enriched with carrot ex- mixcd melting point with an authcntic sample 
tract as describcd earlier.' The mycelium was which was undepl-essed and by its mass spectral 
golden yellow on the top, while the reverse side studies. Its mass spectrum showed a molecular ion 
was slightly brown in colour. The spores mul- peak a t  m/e r4zi, which undcrwent fragmentation 
tiplied very fast, were intense yellow in colour but to lose 16 (O),  17 (OH), 18 (H,,V) and zy 
did not givc any pigment. I t  is intel-csting to (CHO) mass units to givc the iomc specles at 
note that whcn this mold was grown on media m/e 1z6+, I Z ~ ' ,  I Z ~ + ,  and 113' respectively. 
like Findlay's, Raulin and Thom with or without The ionic spccles m/e I I ~ +  underwent a loss of 28 
carrot extract, or Czapek-Dox medium without (-GO) mass units to give the ionic species m/e 
carrot extract, it hardly producedany metabolites. 8 5 ' .  This ion further underwent a loss of 13 

(CH) giving rise to a species m/e 72+. The rest 
Broth of the significant peaks were at 97+, 96+, 86,+ 

83+, 69+, 68-'-, 57+, 43+, and 39+. All these 
Kojic acid.-The broth on extraction with cthyl fragmentation ions are shown in chart  I which are 

gave a crystalline residue, which through supported by their appropriate peaks. 
repeated crystallizations yielded a product which ~h~ mot,,er liquor after removal of kojic 
anal~sed for C6H604 and melted a t  152'C. Its acid on standing gave rnannitol m.p. 164"C, mixed UVspectrumshowed Amaxat 265 nm (' 80230) and m.p. with an authcntic sample undepresscd. The 
with a drop of NaOH it a UV, IR spectra were found to be idcntical. 
chromic shift of 43 nm. giving a band at Anlax 308 ~ - h , ~ ~ h ~ l  ~~h~~ oj ~ o j i ~  dc,d.-~he mother 
nm, which indicated the presence of a dikctone liquor obtained after the removal of mannitol, 
system in the molecule. The original spectrum was to preparative TLC to obtain four 
was regained with a drop of acid. other compounds. Three of the above compounds 

IR an band wcrc in such minute quantities that they could 
at  1660 cm-' for the carbonyl stretching a not be isolated sufficiently pure for spectroscopic 
-c-pyrone system. Two sharp bands appeared at ~h~ fourth compoun~ obraine,j in a 

and 1608 cm-' for the double present somewhat quantity had m.p. 160"C and 
in the molecule. Other bands appeared a t  3260 ana]ysed for q&04. ltS uv spectrum 
and 3'" cm-' for the hydrogcn-honded-OH. absorption bands at hmax z6onm(s8oo3). Onaddi- 

The PMR 'pectrum in (d6) a tion ofa drop of a drop of aq. NaOH there was no 
dOub'ct and a triplet at  5.6 (zH, -CH20H, bathochromic shift, indicating the abscnce of acidic 
JABa 7 Hz) and ' 4.3  ( I H ,  -CHaOH, JAB> 7 Hz) hydmxyl group. Its IR spectrum showed strong respectivcl~. singlets a ~ ~ e a r c d  at absorptions bands at 3180 c-1 (free O H  group) 
i 3.4.(1H) and r 2.0 (IH) indicating thc presence I 
of a methine proton. A sharp singlet appeared a t  and 1660 cnl-I (-4-C=O). Two sharp bands 
7 I .z for phcnolic O H  which alongwith the triplet appeared at 1620 and 1586 cm-' for thc double 



6 8  

Pakirtan J. Sci. Tnd., Vol. 14, Nos -1-2, February-April lq71 

STUDIES IN THE BIOCHEMISTRY OF MICROORGANISMS 

Part XIX.-Structure and Stereochemistry of Kamusol, a Metabolic Product of 
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The rtructure and stereochernirtry of Konl,<rol C7H1407, rr1.p. 158-159°C, [mc-9.09, 3 metabolite of Arprrgil- 
lur rulphsreui has been established ar 1. 

Aspergillus sulphureus (Thom and Church) has 
been isolated from the soil of different parts of 
Pakistan. The isolation and structures of five 
metabolites, alongwith the isolation of kamusol, 
C7H1407, m.p. 158-15g"C, have been described 
earlier from the ahove mold when grown on 
synthetic medium, enriched with carrot extract.' 
In the present paper the structure and stereo- 
chemistry of kamusol, C7Hr4O7. have been des- 
cribed. 

The mold was grown on Czapek-Dox medium 
enriched with carrot extract. After three 
weeks the broth was separated from the 
mycelium and the mycelium was dried, powdered 
and extracted with petroleum ether, ethyl acetate 
and finally with methanol, for 48 hr in each case. 
O n  evaporation of the methanol a reddish 
brown oil was ohtained, which was taken up in 
water and then methanol was added to it. Cry- 
stalline material was ohtained. which was re- - ~ 

crystallized from methanol, colourless rectangular 
plates of kamusol, m.p. I 58-1 54'C were ohtained. . . < - -  

The UV spectrum in water showed absorption 
hands at k,mx 260 nm ( r  30). Its I R  spectrum 
showed very strong absorption bands in the region 
3140-3320 cm-I for hydroxyl groups. Total 
absence of any hand in the carhonyl region and 
the region ahove 1500 cm-' was clearly indicative 
of simple aliphatic type of compound. 

Thc PMR spectrum in DMSO showed a sharp 
singlet at r 6.55 (4H) accounting for the presence 
of the two methylene groups. Another sharp 
singlet appeared at r 6.35 (4H)  indicating the 
prescnce of four methine protons in the molecule. 
The six hydroxyl protons appcared between 
r 5.76 - r 5 . 4 5  The protons of hydroxyl groups 
(a and f )  showed singlet at  c 5.45 ( IH) .  The 
protons of hydroxyl group (e and d)  appeared as 
doublet, centred at r 5.54 (IH; J 2 Hz). The 
remaining two protons of two hydroxyl groups 
(b and c) appeared as doublet, centred at  T 5.74 
( 2 : ~  J 10 Hz), thus accounting for all the protons 
present in the molecule. All the ahove data gave 
structure (I) for kamusol. 

This structure was further supported by its 
mass fragmentation pattern. The mass spectrum 
showed a very weak molecular ion peak at m/e 
210+. The first intense peak at  m/e 193+ (M+- 
17; OH). This ion underwent fragmentation 
with the loss of 30 mass units (CH20) to give rise 
to a peak at m/e 163+, which again lost 30 mass 
units (CH20) to give the base peak at m/e I&. 

From here onwards there were three successive 
losses each of 30 mass units (-CH20) to give rise 
to peaks at m/e 1o3+, 73+, 43+ respectively. The  
other significant peaks appeared at  192+, 17g+. 
161+ and 61+ corresponding to the molecular Ion 
species as shown in Chart I .  Most of these ionic 
species were formed by the migration and re- 
arrangement of one proton to the adjacent carbon. 

The structure assigned to kamusol as (I) was fur- 
ther confirmed from the PMR and mass spectral 
studies of its pentaacetyl derivative: ( I1 ) 
C17Hz4012, prepared by acetylation with acetic 
anhydride in pyridine and ohtained as colourless 
plates,m.p. 107-108°C [=]g-26.5. ItsUVshowed a 
shoulder at kmax 26onm (6131). Its I R  showed a 
sharp absorption hand at 341 o cm-' for O H  group. 
A sharp band appeared a t  1740 cm-' due to 
carhonyl of OCOCH3 group in the molecule. 

The PMR spectrum showed three large singlets 
at T 7.  g (3H ), 7 7.95 (6H ) indicating the pre- 
sence of five OCOCH3 groups in the molecule. 
One triplet was centred at  T 5.8 ( I H )  due to 
methine proton absorption in the environment of 
-CH2-CH-0 group and one doublet ap- 
pcared a t  7 4.6 (2H ) for one methylene group 
(0-CH2-CH-0). A multiplet centred at  14 .8  
( IH)  for a methine proton, showing long range 
coupling with a methylcne and methinegroups in 
the molecule. There was a broad hump at  T 4.42 
( I H )  for the proton of the hydroxyl group, which 
disappeared on deuteration, thus confirming the 
prcscnce of remaining one hydroxyl group in the 
molecule, which was not easily acetylatcd under 
above conditions. This hydroxyl group will be 
on the carbon atom I ,  adjacent to the carbon atom 
containing ether linkage. 
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The isolation of clevcn mctabolircr from Triihodermn prr!idoi;uni,qii (IMI No. 130748) arc described. They 
are characterized as 2.5-dimethoxy-bcnzoqviiooc (I). C8H604, n1.p. 25O'C; tarrronic acid (11). C 3 H 4 0 ~ ,  m.p. 
163'C: itaconic acid (111). C6H6O4. m.p 162-IMCC; succinic acid (N), C4H6O4, m.p 185-!87°C; pyrocalci- 
ferol (V), C28H440, m.p. 93-95% [=lE +506': cpifricdlinol ( VI ), CJOHSIO, m.p. 280PC, [=I: + 24O; 
lanosta-7,9(11)-24-trime3B-21-diol ( V11 ), C30H480z, m.p 194-197% [a]: +7Z0;  trirltskrrnene-A (VIII), 
C1gH18, b.p. 8J°C; methyl 2,4,60cratricnecarboxyIete (IX). C9H~20z, 1n.p. 158C; cardycepic acid, C7H1206, X 
m.p. 168°C. [=]g 16.8'; and D - m a m ~ i t o l ~ l )  mainly through physical methods using UV, IR, PMR and mars 
spectral analyses. 

puring screening of several molds isolated from 
soil for their metabolites, Tnchoderma fiseudokoningti 
(IMI 130748) was obtained. The mold, when 
grown on different synthetic media like Czapek- 
Dox' modified Czaoek-Dox with diammonium 
tartarate as nitrogen source,' and corn starch 
media enriched with carrot extract., yielded eleven 
metabolitesin different quantities.. /The best yield 
was obtained when the mold was grown on corn 
starch medium enriched with carrot extract for 4 
weeks a t  24-27'C. The mycelium was separated 
from the broth and dried in an oven a t  50°C for 24 
hr. The broth was extracted thoroughly from 
ethvl acetate. The combined ethvl acetate extract 
wai separated into sodium bicakbonate-insoluble 
and sodium bicarbonate-solubIe fractions. 

Metaboli tes  from Broth 

(a) Sodium Bicarbona&-insoluble Fraction 

The sodium bicarbonate-insoluble fraction 
gave a yellow compound; m.p. 250°C (20 mg), 
which analysed for CeHsOe I t  showed visible 
and UV absorption band at hnlax 375 nm (s 1608) 
and 282 nm (r 4057), which is a typical spectrum 
for quinones, closely resembling that of 4-methoxy- 
benzoquinone. Its. IR absorption bands appeared 
2924 cm-', 1698 cm-' (> C O  vibrations), 
1645 and 1608 cm-' for the presence of two double 
bonds. 

hsderma'. T h ~ y  hom;va do not mention the nunc  of the 
specicrTrichodermemeA has no structural relationship mirh 
nichodcrmeoe. 

The PMR spectrum in CDCI, showed sharp 
singlets at r 6 .  r (6H) and r 4.  I 2 (zH) for protons 
of two -OCH3 groups and two vinylic protons 
repectively. The above data can be easily 
accounted for z,5-dimethoxybenzoquinone (I). 
This is a known metabolite isolated from P o l y p o r u  

,fumosus.4 The above structure was confirmed 
by its detailed mass spectral studies, which showed 
a molecular ion peak a t  m/e 168+. I t  readily 
losses 28 (-CO) and 30 (-CH20) mass units 
to give rise to ionic species a t  m/e I 40+ and I 38+ 
respectively, which again underwent fragmenta- 
tion to lose 30 (-OCHz) and 13 (>CH-) mass 
units, giving rise to ionic species at m/e I I O +  and 
125+ respectively. I t  is interesting to note that 
0-methyl ether group loses 15 (-CH3) mass units 
giving rise to ionic species at m/e 153+ from the 
molecular ion. This ion readily loses 28 (-CO) 
mass units giving rise to ionic spccies a t  m/e I 25+. 

The ionic species formed at m/e 138+ under- 
went successive losses of 26 (-CzH3), 28 ( 4 0 )  
and 31 (-OCHJ) mass units, givingrise to charged 
species a t  m/e I I?', 84+ and 53+ respectively. 
Similarly the ionic species formed a t  m/e 140+ 
loses 30 (-OCHZ), 13 (-CH), I 7 (-OH) and 18 
(HaO) mass units, glving rrse to peaks at m/e 
IIO+,  g7+. 80+ and 7g+ respectively. The last 
spccies being formed due to the migration of one 
proton. Thc other prominent pcaks were at m/e 
I I I+ ,  97+ and 66f. The mass fragmentation pat- 
tern is shown in the Chart I .  Most of the speciess. 
were followed by their appropriatc metastable peaks. 

(b) Sodium Bicarbonate-soluble Fraction from Broth 
'The aqueous bicarbonate extract after removal 

of the neutral fraction above, gave on acidification 
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STUDIES IN THE BIOCHEMISTRY OF MICROORGANISMS 

Part XXL-Biogenesis of Yasimin and Nornid&, Metabolic Products of 
Aspergillus unguis 

A. KAMAL, YASMEEN HAIDER, RAPIA AKHTAR and ASAF A. QURESHI 

PCSlR Laboratories, A-arachi 39  

(Received Decen~ber 30, 1970) 

The biogcnesis of the ring B of yrrimin (I) and nornidulin (11) has bccn rbown to be derived froni  ~ncthioninc 
md two unia o f  rncvalonic acid. 

In  earlier papers'-4 isolation, characterization 
and partial biogenesis ofringA of yasimin (I) along- 
with other metabolites of Aspergillus unguis have 
been descrihed. I t  was shown that ring A 1s 
derived from one acetate and three malonate 
units. It was already known that the ring B was 
derived from isoleucine which can easily account 
for five carbon atoms of the ring B of nornidulin 
and remaining one carbon atom derived from C, 
donor system like formaldehyde.5 In  our earller 
communicationz we postulated that the precursor 
for ring B for yasimin was derived from two meva- 
Ionic acid units (C-10 units) and the remaining 
methyl group on the benzene ring B was derived 
from methionine. T o  establish that this was so not 
only for yasimin ( I )  but for nornidulin (11) as 
well, the present study was undertaken. 

, 
1 11 

Thcrc dcpridoner have bccn named in iccordanrc with rhc 
nomenchrurc, suggested and adopted by C. F. Cvlbcrson for 
rhc deposidonc obtained from Pdrmdia l ivih Tayl.. Phyrochc- 
mi8try. 5. 815 (1966). 

Aspergillus unguis was grown on modified 
Czapek-Dox medium with diammoinum tartarate 
as nitrogen source enriched with carrot extract, 
at  24°C. After z days a solution of (2-Cl4)-DL- 
mevalonic acid (10.3 mCi/mm, o .  I mCi) was 
equally distributed in 15 flasks. The mycelium 
was separated after nz days and nornidulin and 
yasimin were isolated from the mycelium as des- 
cribed earlier.' The incorporation of mevalonic 
acid was to the extent of 0.36 and o .  39% in 
nornidulin and yasimin respectively. 

The above hot nornidulin (r.m.a. 105.6 X 104) 
was ozonised in glacial acetic acid and then re- 

duced with zinc dust, followed by stcam distillation 
into a solution of 2,4:dinitrophenylhydrazine, 
yielding the hydrazone of acetaldehyde, (r.m.a. 
53. I x 104). Its activity is slightly higher :.than 
half of the total activity of nornidulin: Theather 
half of thc activity was found to be present in the 
rest of the molecule obtained as 3,5,1'-trichloro- 
4,~'-dihydroxy - 6,3 - dimethyl -6'- acetyldepsidone 
(r.m.a. 5 2 . 2 ~ 1 0 4 ) ,  thus clearly indicating the 
incorporation of mevalonic acid into only two 
carbons. The absence of any activity in ring A 
was confirmed by hydrolyzing nornidulin 
followed by cleavage of the ether linkage to 
yield dichloroorsellinic acid, which was found 
to be inactive (Chart I ) .  

Similarly yasimin derived from (2-C'4)-DL- 
mevalonic acid (r.m.a. I 15.4 x 104) was ozonised 
and reduced to yield thc hydrazone of acetaldehyde 
(r.m.a. 56.7 x 1 0 4 )  The remaining activity was 
found in the rest of the molecule obtained as 
4,~'-dihydroxy -6,3'- dimethyl - 6'- acetyldepsidone 
(r.m.a. 57.6 x rod), thus clearly indicating the 
distribution of the total activity over two carbons 
of yasimin. This was further confirmed by de- 
grading the above remaining fraction of the mole- 
cule into orsellinic acid, by the process of base 
hydrolysis, and ether cleavage with a mixture 
of hydroiodic acid and nitric acid, which was found 
to be inactive. I t  is also interesting to note that 
the ether cleavage was more easily achicved with a 
mixture of H I  and HNO] giving a very good 
yield of orsellinic acid (Chart 2). 

Nornidulin derived from (CHI-T)-L-methionine 
had r.m.a. 62 . g  X 101 (% incorporation 3.67). 
I t  was ozonised and steam distilled into DNP 
solution, yiclding hydrazone of acetaldehyde, 
which was found to be inactive. The remaining 
mother liquor on isolation from ethyl acetate gave 
3,5,1' - trichloro - 4,~'-dihydroxy-63'- dimethyl- 
depsidone, which contained all the activity (r.m.a. 
62 . o x  103). This compound on Kuhn-Roth 
oxidation yielded acetic acid and it was ass;lycd 
as p-bromophenacyl ester derivative, which con- 
tiarled roughly half of the total activity of nor- 
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STUDIES IN THE BIOCHEMISTRY OF MICROORGANISMS 

Part XXI1.--Conversion of Plausible Intermediate Precursors like Salicylic Acid 
and Orcinol into Yasimin and Noruiddh, Metabolic Produas of 

Aspergillus ung& 

A. GUL, YASMEEN HAIDER, NILOFER QURESHI and ASAP A. QURESHI 

PCSIR Laboratories, Karachi 39 

(Received December, 30, 1970) 

The incorporation o f  tritium-labelled arcinal and saliqlic acid into yarimin and nornidulin, metabolic 
products ofAspcfr$illur unguil, has been established. Salicylic acid (tritium-labelled) was found to be a better 
precursor than orcinol far ring A o f  yrdmin. 

There are many postulates about possible inter- 
mediates for very complex phenolic compounds. 
6-Methylsalicylic acid has been demonstrated to be 
incorporated into patulin to a very high degree. 
It was further demonstrated that orcinol is a pre- 
cursor of 6-methyl salicylic acid and conversely 
arcinol will be incorporated into patulin.' 
Similarly,on examining the structure1 of yasimin(1) 
and nornidulin(II), one can postulate the early 
precursors viz. orcinol, salicylic and 6-methyl- 
aalicylic acid for ring A of these compounds. In  
an earlier communication,3 the high incorporation 
of these precursors into yasimin and nornidulin 
was suggested and this is established to be the case 
in the present communication. 

The generally tritium-labelled orcinol and 
salicylic acid were prepared by heatingwith base 
in oresence of tritium oxide in a sealed tube Cor 
5 h;.  he reaction product on working up yielded 
tritium-labelled salicvlic acid and orcinol havine - 
r.m.a. 57.0 x 104and 29.6 x 104 respectively. Both 
a f  the above Drecursors were fed se~aratelv to 
Aspergillw ung;is, grown on glucosk defiiient 
medium for zz davs. On  separatine and drvina 
the mycelium and artcr extraction Gith petro~kuG 
ether, nornidulin was obtained which was found 
to be inactive. However, on subsequent extrac- 
tion, yasimin was obtained which was found to be 
hot when isolated from both the feedings. Sali- 
cylic acid-labelled yasirnin had r.m.a. 5 6 . 4 ~  103 
a n d  orcinol-labelled v.asimin had r.m.a. a2 . q  x 103. 

s d 

The incorporation of these compounds was 10.1 

and 7%. respectively. The presence of the entire 
activity in ring A was confirmed by isolating the 
orsellinic acid from both the feedings, which con- 
tained all the activity present in the moleculc of 
yasirnin. Salicvlic acidwasfound to be a better Drc- 
cursor than oriinol. The precursor for ring B 'has 
already bcen established by us to be mevalonic 
acid4 (C,, units). However, gcraniol or geranyl 
pymphosphate would be much better precursors 
for incorporation than mevalonic acid and their 

(I, 111, . r,  m.0 .'>-,.lo' . ,.ma,: am 
a r.n.o.s'.~oJ rm. a:  0.00 

0" * I , " * O ~  -I 

incorporation would be very high in the ring B 
of yasimin. This study is in progress and the 
results will be reported later. 

M. ps were taken on a Kofler block and are 
uncorrected. Radioactivity was assayed on thin 
film samples to an  error of & 3% by a window 
Gciger system on Packard liquid scintillation 
scalar. Radioactivity is described in relative 
molar activity (r.m.a.). All samples were cry- 
stallized and purio fied tconstant radioactivity. 
Petroleum ether had b.p. 68-85°C. 
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STUDIES IN THE BIOCHEMISTRY OF MICROORGANISMS 

Part XXII1.-Biosynthesis of Cprvulic Acid, a Metabolic Product of Curvularia Siddiqd, 
sp. novo 

A. KAMAL, TAHIRA BEGUM and ASAF A. QURESHI 

PCSIR Laboratories, Karachi 39 

(Received December 30. 1970) 

The biorynthesir of curvlllic acid, a metabolic prodllct of Curvulnrio Siddipui, rp. now, is shown to be derivcd 
from one acetate and fou: malanare unirt by head-to-tail co~denration. The 0-methyl ether is derivcd from mc- 
rhionine or formic acid due ra transmethylation. It is furtber observed that rnethiomine is far better precursor than 
formic acid for rhc CI donor system. 

In  the earlier communications1~'~~'4 the isola- 
tion, characterisation and structures of metabolites 
from Curuularia siddiqui have been descrihed. 
All these metabolites form a vcry interesting series 
of compounds for their hiogenetic studies due to 
their slight yet systematic variations in their struc- 
tures. In  the present communication the hio- 
genesis of curvulic acid4 is shown to he derived 
from head-to-tail condensation of one acetate and 
four malonate units and the source of 0-methyl 
ether is from C, unit is shown to have been derived 
from formic acid or methionine due to trans- 
methylation. 

with quinoline (at 180-230°C) in presence of cop- 
per-bronze under nitrogen atmosphere. The evolved 
carbon dioxide was trapped as barium carbonate 
(r.m.a. found: 16.2 x 103; required for I xC*: 
1 6 . 4 ~  103, which was exactly one fourth of the 
total activity of the molecule). The remaining 
3,5 - dihydroxy - 4 - methoxytoluene contained the 
remaining activity of the molecule (1.m.a. found: 
4 9 . 4 ~  103; required for 3XC*:  4 9 . 6 ~  lo)). The 
scheme of degradation and their 1.m.a. are out- 
line in Chart I .  

Curuularia siddiqui was grown on standard 
Findlav's medium. eontaininrr carrot extract, 
for 2 days. A solution of sodium (I-C'4) acetate 
(57.0 mCi/mm; o .  I mCi) was distributed into 
20 tlasks and worked up after 20 days. Curvulic 
acid was isolated from the broth as descrihed 
earlier. In  the curvulie acid derived from sodium 
(I-Cr4) acetate incorporation was 0.27% (1.m.a. 
83.1 x 103; 5xC*) .  I t  was deacetylated by re- 
fluxing with 50% sulphuric acid for 2 hr  and on 
steam distillation yielded sodium acetate and 
3,5- dihydroxy - 4 -methoxyphenylacetic a c i d  
(r.m.a. found: 65.6 X 103; required for 4 xC* :  
66.5 x 103). The above sodium acetate was assay- 
ed as p-hromophenacyl ester (r.m.a. found: 
17.5~103;requiredforr  x C * : 1 6 . 6 ~ 1 0 3 ) .  These 
counts being slightly higher than the exact one 
fifth of the total activity of curvulic acid clearly 
indicated the starting unit of the molecule. 

The remaining 3,5 - dihydroxy - 4 - methoxy - 
phenylacetic acid was decarboxylated by heating 

Chart I . - C u d i c  acid derived from sodium- (1414) 
acctate 

F=Found; R=RequLed 
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STUDIES IN THE BIOCHEMISTRY OF MICROORGANISMS 

Part XXIV.--Structnrc and Stereochemistry of Tajjsanthone, a Metabolic Product of 
Aspergillas stellatus-Cwzi 

A. KAMAL, SHAHEEN A. HUSAIN and ASAP A. QURESHI 

PCSIR Laboratories, Karachi 39 

(Received January 22, 1970) 

Thc srructurc, rtcrcochcmirmy zod biogenc.ir of Tajixonlhonr, a mctabolitc of A~prrgillvr nrllalu~, have bccn 
dcrcribcd. The structure has been established through dcgrrdative studies md phyricll metho& IS 3,4,4a,14%- 
~ernh~drd.8-dihydroq-2,2,6,9,14r-p-0 [3', 2': 5.61 wrzoo 13.2-blxan- 
then-7-one (IV)*. The rdative rtcreochcmirrry has also bccn dctcrmincd from the coupling canrtrnrr of the p r o t m  
in its PMR spear-, and their distinctive splitting patrcrnr. 

A numher of derivatives, viz. monomcthylt~jixanrhonc and dihydrotajixathonc, have b c n  prepared zod their 
PMR and mars rpectnd studies arc described. 

In  earlier communications"2 we have described their original wavelengths. Addition of a crystal 
the isolation of six new crystalline pigments from of aluminium chloride resulted in a higher batho- 
Aspergillus stcllatus Curzi grown on Czapek-Dox chromic shift, giving bands at Amrx 388, 314, 
medium enriched with carrot extract. In  the 
present communication the structure, relative TABLE I.-UV SPECTRA OF TAJIXANTHONE 
stereochemistry and biogenesis of tajixanthone AND OTHER RELATED KNOWN XANTHONES. 
are described. 

Tajixanthone, m.p. 157-158"C, [=I 2-80", has compoun& M ~ O H  
Amax IUII (c) 

the moleeular formula CZSH2a Oa,as determined - 
by high resolution mass measurement. Its I R  Tajixathone 235 (33670) 262 (34930) 292 (15870) 

248 (27640) 270 (37450) 383 (4094) spectrum showed the prffence of a carbonyl 
1.2-Dihydroryxathond 244 (18800) 261 (19400) 290 (8000) group (1633 em-'). and two hydroxy g~oups  385 (2800) 

free-OH (3500 cm-I) and hydrogen bonded 1,4-~ih~drolryxmthond 236 (22100) 263 (24300) 299 (6700) 
-0 H (3400 cm-I). The benzene ring zod 
stretehing bands were also present at 1600 and 390 (3500) 
1560 cm-'. However, the basic information ~~~~~~~~~G 242 (20420) 283 (43650) 338 (19050) 
regarding the basic skeleton was provided by the 

238 (41690) 312 (15850) 367 (5248) 
258 (36310) 

absorption bands of tajixanthone both in the Jacorcubin5 240 (12300) 279 (40740) 334 (1820) 
visible and UV regions, which has been compared Osljaxanthone5 240 (74134) 285 (46770) 339 (7943) 

382 (4786) with ofthe many lrnown xanthones (Table I) .  1 . 6 - D i h y d r o ~ a ~ t h o n  247 (19950) 263 (25120) 305 (25701) 
The absorption bands for tajixanthone both in 355 (6457) 

the visible and UV regions appeared a t  Amax Alvrxmthoncuircc- 240 (36310) 260 (36130) 309 (14790) 
383 nm ( E  4094)~ 292 nm (= 15870), 270 nm tate7 367 (4571) 

Tctrrhydromaclura- 
(' 37450)r 262 nm (' 349301, '4' 9. ( E  ~ 7 ~ 4 0 )  xmthonc-criacctrte7 238 (33880) 259 (30900) 308 (14450) 
and 235 nm (' 33670). These lndlcated the Tcrrahydromrclurr- 243 (26920) 266 (26920) 367 (4751) 
presence of a xanthone nueleus in the molecule. xanrh?nc-dircctrtc7 366 (4164) 
With the addition of a drop of aq NaOH Di2::b!;nthone8 237 (30900) 262 (35480) 316 (16220) 

380 (60261 most of the bands giving rise new Dihydra-arajaxanthonc 233 (31620) 263 (35480) 316 (16600) 
absorption bands a t  Amax 401, 288 and 238 nm. mono-mcthy~ 375 (6166) 
Addition of a drop of HCl restored the bands to I-Hydroxy-3,7- 233 (35610) 264 (44030) 299 (26380) 

dimcthoq 2i3.3'- 370 (6890) 
*Thisnomenclature is based on the fundsmenld ring dimethylethyl) 

below. xanthon8 
1-Hydroq 3 ,5 ,6  244 (38020) 283 (7760) 316 (18620) 

uimcthoq-4- 400 (6320) 
(3.3-dimcthylcrhyl) 
xmthonc.8 

Dihydro- 243 (23990) 286 (42660) 338 (20890) 
mrclur~xzothane9 

Y HZ Smertininlo 240 (25120) 267 (31620) 329 (12590) 
390 (31620) 

2H25H.7H-Pyuo[3'.2': 5,6]pyano [3,2b]xmthme. 
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STUDIES IN THE BIOCHEMISTRY OF MICROORGANISMS 

Part XXV.4tmcture  and Stereochemistry of Shamixanthone and Aj-nthone, 
Metabolic Products of Aspergillus stellatus-Grzi 

A. KAMAL, SHAHEEN A. HUSAIN and ASAF A. QURESHI 

PCSIR Laboratorits, Karnchi 39 

(Rcccivcd January 22. 1971) 

The structure and relative ~tcreochcmirtry of rhamixanthonc and ajamxanthonc, metabnlircr of  ill^^^ 
~relbrur have been cstablmhcd ar l.2.3.3=.12.12a-hcxrhydro-l.9-dihydroxy-ll-(hydroxymethyl)-3,3~-8-tCtr~- 
methyl-2-mcrhylenc-lOH-pmttI010-2~l b-x~ntllcnc-lC-o"c (1) and 2.3.32, 12-Terrahydro-9-hydroxy-l I-(hydioxy 
mcthyl)J, 3, 3n, 8-tccramcthylcne- 10 H-pentalcno [2.l bl xanthen-10-onc.*lllI) respccrivcly. Thc structural 
elucidation has been mainly barcd on physical methodr. 

In the earlier communication' the structure, 
and stereochemistry of tajixanthone, a metabolite 
of Aspngil lu;  stcllmtus, has been described. In  the 
present communication we are describing the 
structure and stereochemistry of shamixanthone 
(mol wt 406) and ajamxanthone (mol wt. 388). 

Shamixanthone m.p. 153-154OC, ['I; + 6.9, 
has the molecular formula C I ~ H Z ~ O ~ .  This has 
one oxygen atom less than tajixanthone (CzSHZ6O6) 
as determined by high resolution mass measure- 
ment (found: 406.18151 ; required: 406. I 7801). 
Its IR spectrum showed the presence of carbonyl 
group a t  1648 cm-I. The free and hydrogen 
bonded hydroxyl groups appeared at 3005 
and 3500 cm-I. The benzene ring stretching 
bands appeared a t  1600 and 1575 cm-I. 

The visible and UV absorption spectrum 
(Figs I and 2) showed Amax at  394 nm j r  3179). 
207 nm (r 27160). 272 nm Ie 116ro). 262 nm \ .  
( . " ; 0 ~ ~ 0 ) ,  251 nm i;84650), a& 238 nA'(s 10160). 
The sDectrum is mica1 of a xanthone chrom~hore 
which' should th;;efore be present in shakixan- 
thone molecule. With the addition of a drop 
of base to the solution, two bands a t  Anlax 297 
and 251 nm disappeared, while the rest appeared 
at  amax 392 nm, 272 nm, 262 nm, and 238 nm. 

With a drop of acid the original bands were 
regained to show up at  Amm 398 nm, 295 nm, 
272 nm, 264 nm, 250 nm, 238 nm. With the 
addition of a crystal of aluminium chloride 
it showed absorption bands at  amax 429, 

~ 

This nomenclature ir barcd on the fun~dammtal ring 
system 2s: 

285 nm, 269 nm, 262 nm and 238 nm which 
wereclearly indicative of a phenolic group adjacent 

Fig. I.-Visible and UV absorption rpcctrum of shamixan- 
thonc 13, mcthmal. - neutral; - -.-.-OH-; ----- H+. 

- L II-. 
Fig. 2.-Visible m d U V  absorption rpcctrum ofrhamixan- 

rhone in methanol. ----neutral;,. . . . . .AIC13; x x x x x H +  
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SOME LICHENS FROM CONIFEROUS FORESTS IN WEST PAKISTAN 

D. L. HAWKSWORTH* and T. MAHMOOD~ 

Commonu~calth Mycological Institutc, Kcw,  Surrey, England 
and Botany Branch, Pakistan Forest Institutc, Pcshawar 

i (Received Scptcmbcr 10, 1970) 

Twentysight corticolau.i lichen, arc reported from coniferour forests in West Pakistan of which LO appear 
to bc first records for rhc country. The new combination Dermdzirro rinrnri~ (Jnttr) D. Hawkrw. (=Ramolina 
sinrnrir Jam) ir  proposed. 

The lichens of Pakistan are very poorly known 
and the only major contribution to our knowledgc 
of them in recent years is the paper of Ahmad.' 
In June and July 1969 one of us (T.M.) made I E 
cxtmsive colkctions of the commoner corticolous 
Lichens in the coniferous forests of West Pakistan 

1 which are reported on here. The following 
localit~es were vlslted: Murree Hills (Kalabagh, 
Dunga Gall, Murree, Mukshpuri, Bara Gali, i , '  : . '  
Nathla Gall, Lower Topa); Swat State (Bahrain, 
Dral, Kalam, Usho, Utror, Gaberol); Chitral and 

, Dir State (Ziarat, Berir, Kohistan). In these forests 
the predominating phorophytes are Abics pindrow, 
~ T Y I  dcodara, Picca ni thiana,  Pinus roxburghii, P .  
dlichiana, ( = P .  grff i lhi i ) ,  P .  gcrardiana, Qwrcus 
dilatota, Q .  i l x ,  Q. incana, and Taxus baccala. 

Most of the specimens on which this paper is 
based are preserved in the herbarium of the 
Commonwealth Mycological Institute, Kew, 
Sumy, England (IMI). Numbers cited in 
parenthesis after individual records are the acces- 
ion numben of the specimens in Herb. IMI. 

species 

I. Anaptychia kaspica Gyeln. 
On Ccdrus dcodara at Kalam (142694, 142695, 

142696, 147640)~ Bahrain (147640). Usho, Utror 
and Gaberol. 

It is probable that Ahmad's reports of A. ciliaris 
(L.) Korb., a species which Kurokawa2 found 
to be restricted to Europe, are erron for A .  kaspica. 
A. karpica differs from A .  ciliaris in having much 
narrower lacinae, a habit which recalls that of 
T m b c n i a  atlanlica (Ach.) Kurok., and constantly 
apinulose apothecial margins. 

2. A. pscudospcciosa var. hcmukzns (Mill. Arg.) 
Kurok. 

On Pinw roxburghii at Murree (142660). 

3. Arthonia radiala var. swartziana (Ach.) Almq. 
On Pinus wallichiana at Dunga Gali (142684). 

-- 
*Commonwealth Mycological hrtitutc. Kcm, Surrey, England. 
tDcprrtrncnt of Plnnt Pathology, Faculty of Agriculture, Egc 

Uoircrrity, hmir. Bornova, Turkey. (Formcly nt  Botany Brmch, 
Patism Forcsr Institute. Perhawar. Patiatan.) 

4. Arthopyrcnia sp. 
On Abics pindrow at Dunga Gali (141940). 

5. Caloplaca auranliaca (Lightf.) Th. Fr. 
On Acsculus indica at  Dunga Gali (142663); o n  

Abics pindrow at Bara Gali (141929) and Kalabagh 
(14675);  and on Pinus wallichiana at Nathia Gali.. 

6. C .  ccrina (Ehrh.) Th. Fr. 
On Abics pindrow at Bara Gali (141951); on 

Ccdrus dcodara at Bahrain (147640); on Pinw 
wallichiana at Ziarat; and on Qucrcus dilatata at 
Bahrain (142007). 

7. C .  cilrina f. phlogina (Ach.) D. Hawksw. 
On Abicspindrow at Dunga Gali ( I  41897, 142669). 

8. C .  holocarpa (Hoffm.) Wade 
On Abics pindrow at Kalabagh (142673)~ Dunga 

Gali (141gz1, 142668, 1426go), and Bara Gali 
(141951, 142672); on Acsculw indica at DungaGali 
(141920); on Pinus wallichiana at Bahrain; and on 
Quercus incana at Dral and Bahrain (142023). 

9. Candclariclla xanthostigma (Pen.) Lettau. 
On C c d w  dcodara at Bahrain (147640). 

lo. Cladonia coniocraca (Fliirke) Spreng. 
On Abicspindrow at DungaGali (142657.142661, 

142662, 142683); and on Q w c u s  incana at Dral 
(142698) and Bahrain. 

I I .  C .  jmbriata (L.) Fr. 
On C c d w  dcodara at Kalam (142697). 

IP. O l l t m a  jaccidum (Ach.) Ach. 
On Acsnrlus indica at Dunga Gali (142658) ; and 

on P i m  roxburghii and P .  wallichiana at Ziarat. 

13. C .  furfuraceurn (Arnold) Du Rietz 
On Acsculus indica at Dunga Gali (142669) ; and 

on Pinus roxburghii at Kalam. 

14. C .  cf. s u b f u ~ u m  (Miill. Arg.) Degel. 
On Abics pindrow at Murree (142655). This 

material is too poor for certain determination. 
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TWO NEW GENERA OF TYPHLOCYBINAE HOMOPTERA: CICADELLIDAE) 
FEEDING ON ROSE ROSA INDICIA), m WEST PAKISTAN* 

MANZOOR AHMED and AEDUL WAHEED 

Department of <oology, University of Karachi, Karachi 32 

(Rcccivcd May 21, 1970) 

The Typhlocybinc genera dncribcd from West Pakirtan include four belonging to the tribe Dikranet~rini, 
and four t o  the Euprrryx complex of tribe Typhlocybini. Thcprcrcnt work includrr description of two new mono- 
rypic genera i.e. Mohrnoodiond, bared on M. orurd, new species in the tribc Dikrancurini and the galus Domolin, new 
genus based on the new species Dsrrnalin f l i p  in the Euproryx complex of tribc Typhlocybini. Both the rpccicr arc 
reported feeding on rose, Rord indiro in parts ofnorthern hilly arcrr of West Pakirtm. 

The  Typhlocybine genera described by Ahmed' 
from West Pakistan include four belonging to the 
tribe Dikraneurini. These are Dikmneura Hardy, 
Fusiplala Ahmed, Ayubiana Ahmed, and Kamdiota 
Ahmed. He has discussed the main characteristic 
features of his genera and described the species 
included from West Pakistan in them. In  a later 
work Ahmed2 also r e~or t ed  the cenera of Eubtervx - 
complex oceuring in west Pakistan. He inciudcd 
in this work the genera Eublervx Curtis. Eurhadina 
Haupt, ~uansiorn' Ahmed,'anh ~ o u n ~ a k a  Ahmed 
all belonging to the tribe Typhloeybini. This is 
perhaps the only work done so far on these groups 
of leafhoppers in West Pakistan. 

The  present work consists of description of two 
new monotypic genera of Typhlocybinae, of which 
one  i.e. Mahmoodiana, new genus belongs to the tribe 
Dikraneurini, and the other i.e. Domelia, new genus 
has been included in the Eupteryx complex of tribe 
Typhlocybini. 

Mahmoodiana, new genus 

Type species, Mahmoodiana acuta, new species 
Hind Wings.-Veins 'R' and MI+= fused apically; 

vein Cu, appearing branched apically; vein Cu, 
confluent with submarginal vein in basal half of 
wing; veins ~ V a n d  2V fused throughout; submar- 
ginalvein extending around wing apex, beyond apex 
ofvein 'R+M', then based along costal margin. 

Fort Wings.-First apical cell with base oblique, 
cell appearing triangular in shape; second apical 
cell with sides subparallel; third apical cell tri- 
angular, stalked, shortest of all apical cells; fourth 
apical cell not reaching wing apex. 

Male Genitalia.-Male plate, in lateral view 
almost uniformlv broad throuehout. sliehtlv - - ,  
narrowed a t  tip, ventral surface with two macrose- 
tae in basal half: ~ v c o f e r  rounded ~osteroventrallv. .. , -  , , 
posterodorsal margin narrowed, much extended 
~osteriorlv. then incurved anteromediallv into 

*The work was financed by the University of KsrrcLi. 
Palristm. 

spiny process, both processes intercross in middle, 
disc with a stout spine middorsally, macrosetae 
lacking otherwise; anal hooks absent; style stout, 
its caudal part appearing uniformly broad in 
dorsal view, ending in a broad truncate apex, 
possessing a short proccss on mesal surface subapi- 
cally; connective Y-shaped, with arms broad, 
stem subequal to arms in length, median cephalic 
lobe present; aedeagus with preatrium and dorsal 
apodeme present, in lateral view with a well de- 
veloped, hammer-shaped process arising on ventral 
surface of preatrium, shaft appearing narrow, 
tubular, dentate a t  tip, in dorsal view shaft ap- 
pearing expanded in distal half, gonopore terminal. 

The genus Mahmoodiana is based on a single 
species M. acula, new species from Lahore, West 
Pakistan. The characteristic features of the genus 
are the development of posterodorsal margin of 
pygofer into a setaceous process, the male plate 
with very few macrosetae, and the form of aedea- 
gus. I t  does not appear to be close to any known 
genus of West Pakistan. 

I feel   lea sure in naminc the mnus after Dr. 
~ . ~ . ~ M a i m o o d  of this ~ e ~ G t m e n <  whose contri- 
butions in the studies of Oriental Tv~hlocvbinac , . 
are widely known. 

Mahmoodiana acuta, new species (Fig. I )  

Exlernal Fea1ures.-Length of male and female 
2.80 mm.-2. go mm; head conical infront; median 
lenrth ofcrown much more than interocular width: - ~ 

0~~~ ~~ 

ocelli absent; colour pale yellow in general, with a 
dark brown to blackish s t r i ~ e  middorsallv. runnine , . " 
from tip of crown to apex of fore wing, stripe 
narrowed a t  anterior tip of crown, widening in the 
region of pronotum, scutellum, and middle of fore 
wings in repose, abdomen pale yellow. 

The species has been recorded on rox 
plants, Rosa indica, inLahore, West Pakistan. The 
species occurs in large numbers and causes exten- 
sive stippling on the upper surface of the leaves, 
gradually rendering them dry and dead. 
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SOME CHEMICAL MODIFICATIONS OF HUMAN FOLLICLE STIMULATING 
HORMONE (FSH) 

S.M. AMIR* and J. F. JENKINS 

Department of Chemistry, Uniuersity of Birmingham, England 

Rcccived June 13. 1970) 

A preparntion of human pituitary FSH war subjected t o  n variety of chemical nlodi6cationr such u acctylation. 
tuccinyl~tion, guanidination, ~ l k ~ l a t i o n  and csterificrtion Effect of there reactions on rhc biological activity of the 
glycoprotcin hormone has been rtodicd. 

Both the acetylation and the succinylation reactions caused complete lorr of biological activity which could not 
be restored by dcO-acetylation wirh hydro~~laminc .  More than 50 per cent of the activity was retained after 
guanidination with 0-mcthylirourer. Carbamylarion by the use of KCl lNO caused no loss of activity. 

Alkylltion either with iodoarctrmidc or acryloniailc did not cffccr the activity, 91 % of which war retained 
w h m  di.iulphidc graupr were reduced and this followed by alkylation. The use of 8~ urca to alter the tertiary 
structure of the glycoprorcin, followed by cleavage m d  alkylation of disulphide linkages, resulted in extensive lorr 
of  activity. Treatment with 8~ urea alone unndrr similar conditions diminished the activity by 35 per cmt. Almort 
complete lorr of activity war also observed on crrcrification of FSH. It is s~~ggcrtcd that the larr effect may havc 
been caused by the modification ofiv-acetyl ncuraminic acid rcriducx. known to be crrcnrial far the complcrc mmi- 
festation of the biological activity. 

An investigation of changes in the biological 
activity of FSH preparations on treatment with 
reagents known to modify glycoprotein structure 
may help in an  evaluation of the importance of 
various functional groups in the molecule. 
Butt et al.1 investigated some such reactions in the 
course of which they found that the biological 
activity was diminished to a varying extent by 
treatment with an  oxidizine aeent such as verio- - - 
date or with reducing agents such as ascorbic 
acid. thioelycollic acid and methionine. Similarly. 
effects ofsome chemical modifications, inter al& 
the oxidation/reduction studies of disulphide 
groups present in FSH, have also been reported.2 

In  the present communication details are pre- 
sented of a further study of the effects of a range of 
chemical reactions on the biological activity of 
pituitary FSH. 

Materials and Methods 

Human pituitary FSH, purified aecording to the 
method of Butt el al.3 and designated as CPI, was 
employed for all the modification reactions des- 
cribed herein. All of the chemicals used in these 
studies were of reagent grade and were supplied 
either by British Drug Housesor Koch-Light 
Laboratories. 

Biolopcal Assays.-Assays for FSH were per- 
formed in mice by the ovarian augmentation 
method of Brown.+ The  standard used through- 
out was a preparation of human menopausal 
gonadotrophin which had been calibrated against 
the 2nd International Reference Preparation (2nd 
IRP-HMG). Assays were usually of four point 

'Prcront addrerr: Biochemical Pharmrcology Lab., NIAMI), 
National inrticutc oTHealth, Bethcrda. Maryland, U.S.A. 

design, consisting of two levels of standard and two 
of unknown. The index of precision (A) was 
betwcen 0 .15  and 0.25 and four to six mice were 
employed a t  each test level. 

Acefy1ation.-CPI (500 pg, 1 .o ml) solution was 
treated with saturated sodium acetate solution 
(pH 9.0, a t  o", I .o ml) followed by acetic anhy- 
dride (0.25 ml) added in five portions over a 
veriod of one hour. After a further veriod of 
b . , ~  hr at o", the solution was dialysed extensively 
against distilled water at 4'C. Control solutions 
of CPI were similarly treated except that no acetic 
anhydride was added. 

Acetylated CPI solution (250 pg, 2.5 ml) was 
adjusted to p H  9.5 with K O H  at 4", and neu- 
tralized hydroxylamine hydrochloride ( ~ m ,  2.5 
ml) added, the p H  being re-adjusted to 9.5. 
After 18  hr at 4°C the solution was dialysed ex- 
haustively against distilled water. Controi solu- 
tions of CPI and acetylated CPI were similarly 
treated a t  p H  9 . 5  for 18 hr a t  4°C without the 
addition of hydroxylamine hydrochloride. 

Guanidina1ion.-CPI solution (250 pg, r .o ml) 
was treated with 0-methyl isourea ( o . o z ~ ,  0 .4  
ml) at p H  lo . O  for 20 hr at 4°C. A control solution 
of CPI at pH I o.  o was maintained under the same 
conditions after which both solutions were exhaus- 
tively dialysed against distilled water. 

Succiny/ation.-CPI solution (270 pg, 1 .o8 ml) 
was added to sodium bicarbonate solution (pH 
8.8,  5%, 0 . 8  ml), and suceinic anhydride (5.5 
mg) added over a period of 20 min at room tem- 
perature. After a further 20 min the reaction 
mixture was cooled to 4°C and dialysed against 
distilled water. 

A control solution of CPI was similarly treated 
with sodium bicarbonate solution. 
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SULPHUR IN FIBROIN FROM BOMBYX MOW 

Z. H .  ZAIDI* and A. ROBSON 

Deparlmcnt of Fibre Science, Unioersity of Lceds, Leeds, England 

(Rcccivcd July 1, 1970) 

The cyrrinc contcnt of the tibroin from gland llnr been determined by radioactive tracers technique, i.e. ' 
mururing both the 35.7 content of the sample and that of cyrtine. 

, The first recordcd determination of the amount Experimental and Resalts 
of cystine in fibroin was made by Schram et al.' 
in 1954, the cystine being oxidised to cysteic acid. Rearing of Silkworm.-A batch of silkworm was 
Although other workers also reported the presence reared in summer to provide 3% fibroin required 
of cystinc, Smith et al.2 in 1958 clearly regarded for the work. The eggs of silkworm Bombyx man 
the small amount of cystine as of no significance were hatched at 23" and 75% humidity and the 
and with reservation Gallop et al.3 in 1966. This silkworm maintained under these conditions 
was not surprising at  the time since Sanger's4 throughout the rearing period. Newly hatched 
exciting work on insulin had pointed out the way larvae were fed shredded, clean mulberry leaf 
to the elucidation of primary structures of proteins for the first two instar and thereafter were given 
and it was of the utmost importance to establish clean whole leaves daily at  8 a.m., 12 noon, 4 p.m. 
the primary strueture of silk fibroin and to correlate and 12 midnight. Six worms from the batch 
this, if possible, with the antiparallel pleated sheet were weighed at  intervals during their develop- 
conformation which constituted the crystalline ment, their average weight at each stage being 
regions of the fibre, as the bulk of the primary taken to plot the curve shown in Fig. I .  The 
structure had to consist of amino aeid sequenee of curve ends where the silkworm are on the point of 

spin. Also the weights of the glands after removal 
. A number of estimations by variety of methods are plotted against the body weight. 
followed confirming the presence of cystine and Feeding on 33s-cystein Coated Mulberry Leaoes.- 
indicate that its amount is small and apparently 7.1 mg of 1%-DL-cystein with an activity of 

f variable. The determinations are listed chronolo- I .  I mCi was dissolved in 1 ml of 0 . 0 ~ ~  

; giplly in Table I .  HCI diluted to 250 ml with 5 drops of 
, , In the course of present studies cystine content of Lissapol N added. Clean mulberry leaves were 

gland fibroin has been determined by measuring totally immersed in this solution, removed, drained 
both the specific activity of 3%-cystine present carefully and allowed to dry in a glass tank fitted 
and the total 3% contcnt of a sample of the radio- with a nylon string rack. An open dish with water 
active gland fibroin prepared in a similar way. was placed beneath the drying rack to maintain a 

. . ~- ~ .. .~ 

TABLE I.  

Chcrnicrl 

Yerr Authors Source of species 4 
fibroin dctermin- Cy'% 

cd 

1954 Schmm. Moore. m 

and B i ~ w o o d l  Fibre CyS03H 0.18 .E 
1955 Kay and Schroedcrs Fibre Cyrtinine 0.18 
1955 Kay and Schroedcr6 .? 2 
1957 Zuber, Ziegler6 Fibre Cyrtine 0.12 $' 

Zahn 
1961 Earland and7 Raven Fibr; DNP CyS03H 0.13 
1%6 Lurar8 Fibre: HIS 0.23 

plnnd HIS 0.23 
Present wo. Ir Gland 3% CySOlH 0.23 4 1k 12 .I 20 t 28 *Chemird Research Division, PCSlR Laborrrodcr, 

Xlrrrrl~i. .... . .~.. . .  hatch Days spin ' ' 
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EFFECT OF SUGAR ON HELMINTHOSPORIUM ORYZAE CAUSING BROWN 
SPOT OF RICE 

H. A. ZAMAN 
Department of Plant Pathology, Anricultural Uniuersirv, Mymensingh 

Q. A. AHMEO 
Pakislan Central Jute Research Institute, Tqgaon,  Dacca 

Received January 29, 1970) 

The effect of sugar conccntrationr in malt-extract and glucose-nitrate medium on Helminflrr.sporium cryzne, 
cauringbrowm  pot ofrice was studied. The lenpth of conidia varied invcrrely wit11 thc sugar conccutrarianr. My- 
cclial growrh generally increased with the incrcarc of rugar np to a concentration of 3>;. Further incrcarc of rugar 
retarded the mycclial growth. Gluco,c-nitrate mediun~ yielded bcrrcr results than malt-extract mcdiurn. 

The growth and the sporulation of fungi in The plates were observed daily. Slides of 10-day 
artifieial media depend on their nutritive value old culture were prepared and examined under 
and/or environments. The sugar concentration microscopc. Twentyfive conidia were selected 
in medium plays important role in vegctative a t  random and their length was measured. The 
growth and conidial development in many dry weight of the mycelium of 20-day old culture 
fungi.',j'4. Different authors gave different was also determined. For this, the plates containing 
taxonomic descriptions of conidia of Helmintho- the culture were heated in a hot water bath till 
r orium and many other fungi. Although some of the agar melted. The  eontents of the dish was t t ese variations are due to biologic forms of the filtered through fine cloth and washed with hot 
species% the lack of uniform methods of cultnire water. The mycclial felt was collected and dried 
has probably contributed more to these diffe- over night in hot-air oven at 98-1oo"C. The 
rences than any other factor. An experiment weight of the dried mycelium was taken in a 
was conducted to determine the effect ~f sugar con- chemical balance. The data are presented in 
centrations on Helminthosporium oryrae and the Table I .  The relation of the average length of 
results are discussed in the  present paper. conidia and dry weight of the mycelium with the 

various concentrations of sugar in different media 
Materials and Methods are illustrated in Figs. I and 2. 

The fungus, Helminthosporium oryrae was isolated 
from the diseased rice leaves with brown spots. . Results and Discussion 
Two ,different media, as outlined below, were 
used in the test. Malt extract ro;{,,yielded conidium in average 

( I )  Malt-cxtract medium: malt extract variable, 4 4 . 2 ~  in length while at a lower concentration 
agar  powder 25 g, water rooo ml. of 0.05% the averagc lcngth of the conidium was 

(2) Glucose-nitrate medium: sodium nitrate g, 
8 3 . 3 ~  (Tablc I ) .  Similar result was obtained in 

potassium phosphate I g, potassium chloride g, glucose-nitrate medium. The =vcrage length of 
magnesium sulphate g, ferrous sulphate g, conidium, in this medium, varied from a minimum 
agar powder 25 g, glucose variable, watcr 1000 ml. 

For malt-extract medium 50 g of malt extract I.-SUGAR C~NCENTRAT~ON ON THE 

was added to 50 ml of distilled water. This solu-  my^^^'^^ GROWTH AND C o ~ l D ~ A ~  LENGTH OP 

tion was considered to hc loo percent sugar solution Helminthosporium oryme. 
and  used as stock solution. Different dilutions were 
made by adding required amount of water. I n  Average length of conidiun~ Dry weight of mycelillm 

(P) ( ~ S I  
case of glucose-nitrate medium, the desired glucose sugar , 7 I 

content was obtained by adding glucose directly (%) Malt extract Glucose- Malt extract Gluconc- 
to the medium. In  both medium sugar was used medium nitrate medium nitrate 

in eight different concentrations. The  media - medium medium 

were autoclaved for 15 min a t  15 ib pressure. 0.05 83.3 85.1 268 192 
Duplicate Petri dishes were made with medium 0.10 79.7 83.0 526 328 

of each concentration of sugar. Each plate re- O.m - 67.5 69.6 862 785 
1 .oo ceivcd a germinating conidium in the centre and 3,00 

65.5 68.8 1250 lux) 
45.8 58.1 1950 1950 

incubated at room temperature in diffused light. 5.00 47.5 54.1 1650 1860 
8.00 44.9 53.3 1620 1520 

'Part of master dcgree thcrir. The work mar done in 10.00 44.2 52.6 1250 1400 
the  Department of Botany, Unvcrdty of Dacca. 



- 1  i ;  Pakistm J. Scr. Ind. Rer, Vol. 14, No9 1-2. February-Apnl 1971 

I : THE FERMENTATION PRODUCTION OF TETRACYCLINES, THE ANTIFUNGAL 

i :  ANTIBIOTIC AYF AND VITAMIN B,z BY STREPTOMYCES AUREOFACLENS 

ABOU-ZEID A. ABOU-ZEID and ABD EL-SAOEK A. YOUSEF 

Microbiological and Enzyme Chemistry Research Unit,  ,Vation01 Research Centre, Dokki, Cairo, U . A . R .  

(Received April 23, 1970; revised June 17, 19701 

Four dicerent media were tared ior the fernlentation production oi tetracyclines ro rrlccr tbe bcrt one. Mcdiuu~ 
No. I war favourable for tbc ferotentation production of tcrracycliuer, vitamin B I Z  md AYF. The  microbid cells 
xttaincd its ln~ximal productiviticr for the production of rcrracycliner ar 72 hr and for the production of rhe anri- 
fungal mtibioric AYF and vitamitt Biz at 120 hr. 

Tetraeyelines, broad speetrum antibioties, are 
nowadays have their important role in the 
treatment of infectious diseases. Many workers 
devoted their efforts in studying physiological 
and biochemical factors controlling the biosyn- 
thesis of tetracyclines by Slreptomyces aureofa- 
ciens and attempts were made for increasing the 
potentialities of these tetracycline-producing strains 
by investigating influence of media composition 
and different methods werc applied for mutating 
the strains to descendants of high productivities.'-8 

The Dresent Daoer deals with the selection of the . . 
best basal lirmcnratiot~ medium for the production 
or terracsc~inrs 1)s Slrebtnmvrer aurrufi~c,lrrrnr. 'I he . - 
organism' could p;oduce an apprec(able amount 
of vitamin B,, and an antifungal antibiotic AYF. 
The proper times for the maximal production of 
tetracyclines, vitamin B,z and AYF were in- 
vestigated. 

Material and Methods 

Med~um No. 4 (g/l): corn steep liquor 10.0,  

(NH4) =SO4 3.0, ZnS04.  7H20  0.03, sucrose 
30.0 and CaCOl 4.0. 

The initial pH of these media was adjusted to 
7. o before sterilization. 500-ml Erlenmeyer flasks, 
each containing 50 ml liquid medium were steriliz- 
ed at I . 5  atmospheric pressure for 15 min. One 
ml of standard inoculum of Streptomyces aureofaciens 
was transfcrred into each flask under aseptic condi- 
tions. The flasks were incubated on a shakre 
200 rpm at 27-3o°C for 72 hr. At the end of the 
incubation pcriod, final pH of the fermentation 
medium, mycelial dry weight, tctracyclines, vita- 
min B,z and AYF were determined. Tetracyclines 
content of the culture fluid was estimated by the 
spectrophotometric method.', The isolation and 
determination of AYF was carried out according 
to Kaplan ct a1.I0 Determination of cobalamine 
(Vit B,L) was conducted spe~trnphotometrically.'~ 
Sngar determination was carried out using the 
technique of S o m ~ g y i . ' ~  

Mainlcnancc of Slrcptomyces aurcofacicns.-Streplo- R e s d t s  aud Discussion 
myces aurcofacicnr was maintained on the medium 
containing the following ingredients (g/l) : glucose Selection of the B a a l  Fcrmcnlation Medium.-- 
10.0, peptone 5.0, KHtPO4 I .o, MgS04.7HzO Medium No. I exhibited the highest antibiotic 
0 .5  and agar 20.0. production (Fig. I )  The presence of corn steep 

Inoculum Prcboia1ions.-The oreanism was cul- r ~ - 0  ~ 

~ ~- 

tured on the medium containing the following 
ingredients (g/l): corn steep liquor 5, starch 15. o P.. hni.~l, .I I~.,I. 
The initial pH of the medium was adjusted at 7 . o  o rratu 4,. ..c, 
before sterilization. The incubation ~ e r i n d  lasted 
for 72 hr. 

Selection o f  Media.-Four different media were 
used as basal fermentation media for the pro- 
duction of tetracyclines. 

Medium No. I (g/l) corn steep liquor 5.0, 
NH4N03 5.0, CaCOl 5.0, NaCl 2 .o, Starch 
30.0 and CoClz 0.0025. 

Medium No. 2 (g/l) corn steep liquor 2.0, 
molasses 2.0, sucrose 40.0, NaCl 5.0, (NH4)=SO4 
3.0 and CaC03  4.0. 

Medium No. 3 (g/l): corn steep liquor 5.0, 
(NH4)zS04 2 .  o, NaCl 2 .  n, sucrose 25. o, MgS04 
e. 16, ZnSO, 0 . 0 2  and CaCO, 4.0. 

".&".I 

Fig. 

Y.d Y.., 

1. 

".a. I.. 1 
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EFFECT OF EDTA ON THE PRODUCTION OF RIBOFLAVIN BY CANDIDA 
GUILLIERMONDII 

M.A. Q A ~ E E R  and M. PERWAIZ IQBAL 

1 PCSIR Laboratories, Lahore 16 

(Received April 23, 1970) 

The biorrithrrir o f  riboflavin was stirnulrted by the addition of ethylcncdiaminc tetra-acetic acid to a glucose + 
ralr +arpargine+biotin medium by C. guillirrmondii. The inhibitory effect of iron was reduced by chclatxon. 
The important factors in improving the yield of riboflavin by yeast were concmtrations of EDTA and iron, ratios of 
Fe-2-EDTA or metals (Pe+z + Mg+2) +EDTA and time of addition of chelating agent to shake flask cultures. In 
gcnrral, 1:l ratio of Fe+2-EDTA or Metals-EDTA gave better yield of riboflavin. T l ~ c  greatest 
stimulation war obtained with EDTA of 2.028 m, when iron level was 0.18 p ~ .  Morrover, the culturer when 
grown with EDTA produced large amount of riboflavin than by adding it at later stager during fermentation. 

The riboflavin formation by Candida species is 
very sensitive to iron concentration.' The 
optimum level is usually 0.005-0.01 pg/ml. In  
continuation of the work reported earlier,2,3 
influence of reducing iron availability or other 
metal ions in the culture medium by chelation 
was studied on the hiosynthesis of riboflavin. 
Metal chelates act as metal buffers like p H  buffers 
and the trace metals become available to the 
organism at nontoxic concentration because of the 
dissociation of metal chclatcs. The present work 
describes the influence of EDTA on the riboflavin 
formation by Candida yeast, in a simple synthetic 
medium in shake flasks. 

Methods 

Organism.-The yeast strain of Candida guillier- 
mondii NRRL-324 was used in the present study. 
I t  was maintaincd on the elucose-salt a m r  medium - - 
consisting of (g/l): glucose, 40.0; agar, 20.0; 
KHzPO,, o . 5 ;  MESO,. 7H20, 0.5: (NHL)2SOL. 
2 .o; asparagik, 2.0 -ahd biotiz 'I .o -'pg/mi: 
pH of the medium was adiusted at 5.0. The 
cultures were kept in the refrrgcrator aft& growing 
a t  30°C for 3 days. 

Inoculum Prebaration.-The veast from the slant -~ ~ 

was inoculated into 50 ml of the fermentation 
medium, described below, in 300 ml conical flask. 
The inoculum was grown for 48 hr at 30°C 
on a rotary shaker. Thc ycast cells were separated 
from the culture medium at 3000 rpm. for l o  min. 
The cclls werc washed three times with sterile 
distilled water and a suspension of these cells was 
made in stcrile distillcd water. The density of the 
suspension was maintained at 5.00 by EEL 
calorimeter using blue filtcr. 

Femntation Medium.-The composition of the 

tical made and elass distilled water was used for " - 
the preparation of solutions. All media, unless 
otherwise stated. were sterilised at 12 I "C for I 5 min. 
Fermentation medium was divided into twoparts 
in glass bottles for sterilization: (i) glucose and 
(ii) organic and inorganic salt solutions both were 
of four times concentration. Each part of the 
medium was washed in a separatory funnel with 
chloroform containing 8-hydroxyquinoline by the 
method of Waring and Werkman.4 After 
washing, the p H  of the solution was adjusted to 
5.0. Air was also passed from the solution in 
order to remove the traces of chloroform hcfore 
sterilization. Sterilc solutions of glucose and 
salts were then mixed together. 

Chelating Agent.-EDTA was dissolved in water 
and brought to p H  5.0, adding NaOH. The 
solution was autoclaved at 121'C for 15 min. 

Shake Flask Culture.-For shake flask culture, 
50-1111 fermentation medium including I ml yeast 
cell suspension was held in 300 ml conical flask 
plugged with cotton wool. The flasks in duplicate 
were shakcn on a rotary shaker (throw I*"), rotatcd 
at 150 rpm and indubated at 30°C for seven days. 

Analytical Method.-The ycast cells from each 
flask were separated by ccntrifuging at 3000 rpm 
for 20 min. The cells were thoroughly washed 
twice with distilled water followed each time by 
centrifueine. The cells were dricd at IOG'C ., - < 

o\.ernight. Gluc~)se and riboflavin in the buper- 
natent werc estimated bv the reduct i~~n method of 
Fugita WatakeS and ~pectrophotometrically at 
445 m@ respectively. All kinds of glass apparatus 
were cleaned hy chrornie acid mixture. The 
glass apparatus was then washed thrce or four 
times with glass distilled water. The medium 
after mixing sterile solutions was not analysed for 
iron or other trace metals. 

fermentation medium was (g/l): glucosc, 40.0 
KHzPO,, 0.5; MgSO,. 7H,O? o .5; (NH,), SO,, Results 
2 .o; asparaghe, 2 .o and blotin, I .o pg/l p H  Effect of Iron Concentration.-The data of Table I 
of the medium was 5.0. All reagents were analy- shows the effect of 0-18.0 par iron on the pro- 







57 
SHORT COMMUNICATION 
PHYSICAL SCIENCES SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
STANDARDIZATION OF THIOSULPHATE BY DISPLACEMENT TITRATION 
USING N-BROMOSUCCINIMIDE 
 
MAZOOR ELAHI, MUHAMMAD HANIF, MUHAMMAD ANWAR* AND MUHAMMAD 
SARWAR 
 
PCSIR Laboratories, Lahore 16 
 
(Received April 22, 1970) 
 
 

58 
SHORT COMMUNICATION 
PHYSICAL SCIENCES SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
MANNITOL FROM FOMES FOMENTARIUS AND GANODERMA LUCIDUM 
 
S.F. HUSSAIN, G.A. MIANA AND SAIFUR RAHMAN 
 
PCSIR Laboratories, Peshawar 
 
(Received July 14, 1970) 
 
 

142 
SHORT COMMUNICATION 
BIOLOGICAL  SCIENCES SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
SUSCEPTIBILITIES OF EGYPTIAN COTTONS TO CELLULOSE DECOMPOSING 
MICROORGANISMS 
 
ABOU-ZEID  A. ABOU-ZEID 
 
Microbiological and Enzyme Chemistry Research Unit, National Research Centre, 
Dakki, Cairo, U.A.R. 
 
(Received March 25, 1970; revised April 25, 1970) 



 
144 

SHORT COMMUNICATION 
BIOLOGICAL  SCIENCES SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
TOXICITY OF PETKOLIN AGAINST CIGRATTE BEETLE (COLEOPTERA: 
ANOBIIDAE) 
 
MOHAMMAD ABUDULLAH* AND  ABDUL HAFEEZ QURAISHI 
 
PCSIR Laboratories, Karachi-39 
 
(Received June 3, 1970) 
 
 

145 
SHORT COMMUNICATION 
BIOLOGICAL  SCIENCES SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
CONTROL FO RICE STEM BORER BY PETKOLIN AT THE COVERNMENTS RICE 
FARM  KALA-SHAH KAKU DUDRING 1967-1968 
 
S.M. MURTUZA, KAUSAR JEHAN AND SHAHID H. ASHRAFI 
 
PCSIR Laboratories, Karachi-39 
 
(Received March1 3; revised April 25, 1970) 
 
 

162 
SHORT COMMUNICATION 
TECHNOLOGY SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
STUDY OF THE IMPORTANCE OF BENDING MODULUS IN THE SCIENTIFIC 
GRADING OF RAW JUTE FIBRE 
 
M. KABIR AND N.G. SAHA 
 
Physics and Testing Division, Jute Research Institute, Dacca 
 
(Received March 13; revised April 25, 1970) 



 
144 

SHORT COMMUNICATION 
BIOLOGICAL  SCIENCES SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
TOXI CITY OF PETKOLIN AGAINST CIGRETTE BEETLE (COLEOPTERA: 
ANOBIIDAE) 
 
MOHAMMAD ABUDULLAH* AND  ABDUL HAFEEZ QURAISHI 
 
PCSIR Laboratories, Karachi-39 
 
(Received June 3, 1970) 
 
 

145 
SHORT COMMUNICATION 
BIOLOGICAL  SCIENCES SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
CONTROL FO RICE STEM BORER BY PETKOLIN AT THE COVERNMENTS RICE 
FARM  KALA-SHAH KAKU DUDRING 1967-1968 
 
S.M. MURTUZA, KAUSAR JEHAN AND SHAHID H. ASHRAFI 
 
PCSIR Laboratories, Karachi-39 
 
(Received March1 3; revised April 25, 1970) 
 
 

162 
SHORT COMMUNICATION 
TECHNOLOGY SECTION 
 
Pakistan J. Sci. Ind. Res., Vol. 14, Nos. 1-2, February-April 1971 
 
STUDY OF THE IMPORTANCE OF BENDING MODULUS IN THE SCIENTIFIC 
GRADING OF RAW JUTE FIBRE 
 
M. KABIR AND N.G. SAHA 
 
Physics and Testing Division, Jute Research Institute, Dacca 
 
(Received March 13; revised April 25, 1970) 



Technology Section 

PaLrtrn J. Sci. Ind. Rcr.. Vol. 14, Nor. 1,-2. February-April 1971 

' SEPARATION AND CHARACTERISATTON OF TOTAL HYDROCARBONS FROM 
! LOW TEMPERATURE COAL TARS 
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Rcccivcd October 7 ,  1970) 

: An improved method was sought for the separa- A further contribution to simplifying the separa- 
tion and estimation of the total hydrocarbons tion of total hydrocarbons, was the development 
.in low temperature tars,' in order more easily of the "hot chromatography", in which a whole 
to relate their yields and compositions to conditions tar was chromatographed on a steam-heatcd, 
of carbonisation. silica gel eolumn, the total hydrocarbons being 

The usual methods of estimation involve a prior eluted with light petroleum. In this way, the 
distillation, whieh' in the cAse of primary tars phenols and bases were retained in the upper 
results in some alteration in composition of the section of the blumn. This method could be 
more thermolabile species, and a retention of easily used only for tars from perhydrous eoals.5 
hydmcarbonsin the pitch fraction, inwhich they . . I n  the following, two. methods of quantitative 
are not normally estimated. The phenols and reeovery of the total hydrocarbons are described, 
bases are then extracted from the distillate(s) taking into account the findings of the above work. 
leaving severely contaminated hydrocarbon frac- 
tions. Column chromatography on "silica gel Experimental 
enhances the purity of the hydrocarbons. Previous 
work $owed that all the hydrocarbons in low Method 1.-logof tar wascompletely extracted, 
temperature tarswere solhble in lighf~petroleum, in increments, using a total of roo rnl light 
and that separation into types was ~ppssible, 'as petrole- (40-60°C). The solvent was distilled 
follows:!. ~~. . .. . . . ~  ~. , . .. - --  -oFfiand theredue d i s s d d m ~ r o r d  of a mixture 

of light petroleum (4060°C) and benzene (9: I by 
Fraclian Eluarrf ~ a i n  rompo~irion3 ; volume). The solution was poured on to a silica 

L i ~ h t  perrdeun~ AliphatiC hydrohrbons 
gel column, I m long and a .  5 Fm dia,..The ad- 

b :- Light pctralcunl Alkylnted aromatic hydrocrrbomj sorted material was eluted wib-the =me solvent 
I and 2 rings; hydroaromatics mixture, until the amount desorbed was negligible, 

E Bcnrcnc Alkylatcd aromatic hydracarbonr, as judged by distilling off the solvent on a water 
2-5 rings 

Ethanol bath, and removing the-dast traces under vacuum * Oxygenated hydcacubon frac- (5-7 mm) at 40°C. tion [ > l o %  (0+)]. 
The results of two estimations of ihe two rtage 

light petroleum extraction of amber-eoloured 
Fraction c, however, was nearly always conta- material obtained are given in Table , 

minated with a small amount of the non-hydro- ~ ~ ~ h ~ d  *,-A,, im roved alternative procedure carbon fraction d. If this separation was doneusing was to extract as efore, and without further r, 
light petroleum as it be separation, to transfer the mixture to the column, purer, hut the procedure then became tedious. and chromatograph in the same way, ~ i ~ h ~  results 

In further work, it was found that a mixture of are gven in Table 2 ,  light petroleum and benzene (9'1 Examigtion of frodionr.-The following deter- accelerated the elution of fraction c, at the same minations were carried on the time minimising its contamination with fraction d.4 index (,,%) in an Abbe refractometer, Bellingham 
'Now at Fuel Rcscrrch Divirian, PCSIR Pilot Plant and Stanley model; density ( d E )  in a calibrated 

Rcsearnch Station. Karachi. Pakistan. 
+Now Chem~rm, Univa,ity Co"cgc, density bottle of volume 0.701 2 ml at 20°C; mole- 

P.O. Box 35061. Dar n Sdrun,  Tuumii. cular weight, in the Heitler ebulliometer," using 
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The study illustrates relative significance of crimp parameters together with other relevant wool properties in 
determining the bulk compressibilitv of a wide variety of raw wools. It involves coherelit analyses of crimp wave, 
its undergirding natural twist of the' reversing type and its measurement technique. The  natural twist arising from 
the rotation of fibre major/minor axis closely corresponds t o  the behaviour of spinning twist although the single 
fibre crimps are differentially modified by the stress of yani manufacture. 

Due to an  organised programme of cross- 
breeding and sheep culling the Australian Merino 
wools exhibit high-crimp of much better price 
than the low-crimp hairy fleece of the mutton- 
type primary sheep of Pakistan. The latter find 
main uses in pile floor-covering, rug, blanket and 
felt-making. For pile fabrics the resistance to 
compression is the most valuable bulk pr0perty.I 
I t  is generally a major component of dimensional 
stability of any textile materials. The compressional 
behaviour of raw wools is chiefly governed by 
crimp frequency and fibre diameter.2-s Hence, 
any planning of a breeding programme to cater 
for the changing demands of wool industry needs 
periodic evaluation of fibre crimping along with its 
fineness. When designed for the simultaneous 
improvement of both wool quality and quantity 
the plan is, however, beset with some difficulties 
due to complex inter-relatedness of the industrially 
significant fibre characteristic~.~,7 

In  addition, commercial value of wool could be 
associated with its fibre shapes often arising from 
relative variations of the factors affecting crimp 
formation. Crimping inside a follicle is usually 
attributed to bilateral segmentations of wool fibre 
into less stable, more reactive, relatively soft ortho 
and harder para cortices lying side by side with 
the former on the convex and the latter on the 
concave side of the wave8-" ,as expected from 
bilateral elements with these mechanical properties 
under the influence of a reversing type natural 
twist.'2y13 The twist results from periodic 
changes of follicle shape14 by cyclic contraction of 
arrector pili musclesTs and/or from unequal rates 
of crystallisation,'3 keratinisation16, cell for- 
mation and c o n t r a ~ t i o n ~ 7 , ~ ~  in the two cortical 
segments, thereby, producing shorter certical 
cell length on the concave side of crimp wave. 
Any deviation from the normal bilateral structure 
is generally associated with poor ~ r imping '9 -~~  
or crimp deteriorati0n.23,~4 Thus the uni- 
formity of crimp expression or character in the 
staple implies uniform fibre growth which is a 
valuable wool quality,zs nevertheless, the issue is 

debatable on account of the non-significant cor- 
relation between variability of fibre diameter and 
staple character, perhaps, due to the influences of 
fibre growth rate and adhesions a t  the frequency 
intervals caused by either felting or yolk adhesi- 
venes~.~~,27  

Furthermore, quality assessment based on 
crimp frequency alone can be erroneous due to the 
influences of en~ i ronmen t ,~  animal age28 and 
time trend29 on fibre crimps. Consequently, there 
are ~ u g g e s t i o n s ~ ~ 3 ~  to improve wool classing by 
down-grading harsh over-crimped wools. Bulkiness 
due to crimp, on the other hand, produces 
favourable influence on fabric handle and facili- 
tates wrinkle rec0very.3~ But high crimp pro- 
duces lower bundle strength due to greater weight 
in a given bundle length and fewer inter-fibre 
frictional contacts; it also hinders parallelising 
of the fibres thus posing the problems in yarn 
strength and evenness. Moreover, crimp behaves 
differently in various processing systems. High- 
crimp wools perform slightly better in both the 
French worsted3I and the conventional BradfordJt 
systenis although it may be a definite disadvantage 
in Ambler superdraft ~pinning.3~933 Moderate 
crimp is, nevertheless, useful in the shortened 
Bradford ~ystem.3~ 

Unfortunately, the measurement of single fibre 
crimp is yet to be standardised. For example, 
it is difficult to apply uniform longitudinal ten- 
sion on each fibre during flattening it under the 
surface of a grating used to estimate single fiber 
bulking capacity.34 Chaikin et al.35 whilst agree- 
ing with ~ i l l a r d 3 ~  about its controversial nature, 
employed this method37 (due to Echochard) to 
measure crimp ratio in wool top and criticised the 
indirect method based on decrimping stress.38 
Furthermore, the rotation method of Alexander 
et a1.39 when modified to use the nullpoint of bukling 
in fibre rotationY4O was found to be highly sub- 
jective as the arbitrary definition of crimp form 
giving rise to incongruent r e s ~ l t s . 2 ~ 4 ~ ~ 4 ~  Because 
of the uncertainty, recently devised techniques of 
measuring crimp parameters have been used here 
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Two "on-rdcctivc herbicide 81 KB, and 82 TB have bccn formulnted to cradicatc and check rbc spread of 
nlequitc and similar wccdr. Field trials were carried out to study there formulations alongside the already a~nilablc 
foreign-made hcrbiddcr 2.4-D ester and 2.4.5-T. Of  rhc various herbicides studied. 81 KB, 82 TB and 2.4,5-T in 
5W75% cbncmtrations barn bcol found to be most satisfictory. But ir is rccomn~mdcd that the use of 81 KB and 
82 TB should be prcfcrrcd m 2.4.5-T in view of the low production cost of rhe farmcr two products i.c. cost pcr 
gallon of 1100% solution of 81 KB and 82 TB hns been worked our to be I&lZ rupect as compared to 75 rupees 
pcr gallon of 2,4,5-T. 

Mesquite1 (Prosopis julipora) as a fast growing 
species was introduced in Indo-Pakistan before 
1875. I t  was termed as future trec of dry and 
sandy areas and has succeeded admirably in dry 
areas of West Pakistan. I t  is very quick growing 
and fast spreading because of profuse seed pro- 
duction and viability and longevity of the seed. 
In addition to providing timber, gum and honey, 
it is of remarkable value for clothing arid land. 
But in spite of all these advantages, mesquite has 
now become the most aggressive weed in the ir- 
rigated forest plantation and riverain forests, range- 
lands, agriculture fields and industrial estates and 
causes obstruction and hindrance in the construc- 
tion of highways, rail-roads, parks, water-channels, 
etc. Effective neasure are, therefore, needed to 
check its spread. 

Physical and mechanical methods such as cul- 
tivation, mowing, hand-pulling, smothering, 
burning, bulldozing, bushwhackering, roller discs 
grubbing, cabling, chaining etc. are not very 
effective bccause the root stock is not removed 
and sprouts again. 

In America and Canada uetroleum fractions 
were tried for control of mesqui'te and some of them 
proved effective. Fletcher and Elemendroft re- 
commended z,4-D and its ester as effective her- 
bicides. Beatty3 tired the cmulsion of phenoxy 
acid. Klingman et 01.4 and Danielson et a1.s 
2,4,5-T and Pengelly6 applied Tordon (4-amino- 
3,5.6-trichloropicolinic acid). All the above che- 
micals provcd effective. 

In Pakistan the impottance of the problem of 
mesquite control has been realizcd a t  the national 
level only recently, and the adoption of chemical 
methods for mesquite destruction just initiated. 
Akhlaq Ahmad Khan7 used Fernoxone, but did 
not recommend it for further trials due to high 
cost. Later trials were laid out a t  Jallo in August, 
1966 by Silviculture Research Forest Division, 
Lahore with z,45-T ester, 2,4-D ester and com- 
binations of both. Of these foreign products 
2,4,5-T ester only provcd effective, but its cost 
was cxhorbitant for use in Pakistan. 

In  the early 1968 the authors were entrusted 
with the problem of developing suitable weedicides 
for mesquite, which would be economical for use in 
Pakistan. Investigations were started in the same 
year to this end and as a consequence two weedici- 
des have been developed which do not suffer from 
the drawbacks of the foreign manufactured pre- 
parations. 

Olefins and aromatic hydrocarbons were given 
special treatment under different conditions of 
pressure and temperature and the products were 
used to prepare oil-in-water type emulsions. 

Preparation of Chemical.-Sixty g of emulsifier 
were mixed in 1 gallon of treatcd olefins and am- 
matic hydrocarbons (fluid) a t  room temperature 
in a mixer. The machine was set a t  a constant 
speed of 1800 r.p.m. for & hr, then zoo g of sta- 
bilizer was added to thc  100% solution and stirred 
for lo  min. This could be made into an oil-in- 
water t w e  emulsion at the time of spray on 
mesquitc. The product was named 81 KB. The 
product 8zTB was prepared in the same manner. 

- 

A zoo x zoo ft area, with a heavy infestation in 
pure grcen mesquite ctop (2-3-year old) was 
sclected at F.R.S. Jallo. This area was subdivided 
into 20 equal squares of I O X  l o  ft dimensions. 
The number of plants in each square was made up 
to ten by planting where the numbet was less 
than ten or uprooting, the number exceeded 
ten. The stems of all thc zoo plants in the 20 plots 
were cut a t  about 4-6 in above the ground level. 
Thc 10 stumps of plot No. I were injected with 30 
ml of a 100% solution of 81 KB, each of the stumps 
receiving 3 ml. Stumps in the plots No. 2,3,4 and 
5 were injected with 30 ml of 81 KB solution but of 
respectively 75, 50, 25 and 12.5% weedicide con- 
centtations. Following this gcneral scheme, 
five of the remaining plots were treated with 30 ml 
of loo, 75, 25 and 12.5% solutions of 82 TB; 
five plots with z,q,5-T* and the last 5 with 2,4-D** 

-- p~ - 
*2,4,5-T foreign formulation. **2,4-D crrcr foreign formulation 
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