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Abstract 

The photolysis of flurecol-butyl in sunlight and by UV irradiation in laboratory in benzene has been examined. Flurecol-butyl is found to 
be a rapidly degradable pesticide. The photoproducts formed in sunlight and by UV irradiation in the laboratory are the same. The two major 
photoproducts are dibutyl-9,9'-bifluorene-9,9' dicarboxylate and l-hydroxy-9-fluorenone. Stabilization of fast degradable flurecol-butyl was 
studied via formation of inclusion complex with fl-cyclodextrin. 
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1. Introduction 

In tropical countries, degradation of pesticides by sunlight 
cannot be ignored. Some pesticides degrade very rapidly in 
light while the rate of degradation of other pesticides is slow 
[ 1 ]. The degradation product of some pesticides may not be 
inactive biologically while, in others, activity is actually 
increased [2]. In some cases, more potent pesticides after 
degradation may lead to less potent but safer compounds 
[3,4] whereas, in other cases, photoproducts may be more 
toxic than their precursors [ 5 ]. In view of this, the photode- 
gradation of flurecol-butyl was studied by irradiation with 
UV light and sunlight. 

Pesticides can be complexed with cyclodextrin just as are 
drug molecules or food flavours [6]. This "molecular encap- 
sulation" frequently results in advantageous modifications 
of the properties of complexed substances [7 ]. Flurecol-butyl 
was subjected to inclusion studies as inclusion is expected to 
lend stability to such degradable and sensitive (to light, heat, 
oxygen etc.) pesticides [ 8-12]. 

2. Experimental details 

2.1. Equipment and materials 

IR spectra were determined using a Perkin-Elmar Spectro- 
photometer model 682. The nuclear magnetic resonance 
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(NMR) spectra were recorded on a Varian EM-360 L (60 
MHz) spectrometer using tetramethylsilane as an internal 
standard. Mass spectroscopy (MS) was carried out on a Fin- 
agan Mat 1020B GC-MS. 

Flurecol-butyl (melting point (m.p.), 68 °C (68-69 °C 
[ 13 ] ) ) was synthesized from 9,10-phenanthrenequinone. Its 
spectral properties as determined by us are listed below. 

MS: M + 282. NMR (CC14): 6 0.%1.8 (m, 7H, -CH2- 
CHz~H3) ,  4.19--4.5 (m, 3H, - O H  and - O C H 2 )  , 7.35-8.0 
(m, 8H, ArH) ppm. IR: v 3480 (tertiary -OH) ,  2960-2880 
( -CH stretching), 1710 (ester carbonyl), 1610 and 1590 
(aromatic ring) cm 1. UV (methanol): Am~, 212, 227, 234 
and 271 nm (log~o E 4.36, 4.31, 4.23 and 4.0 respectively). 

USHIO-UM-452 high pressure mercury vapour lamps 
were used for photoirradiation (lamp electric current, 3.8 
A + 0.2 A; lamp voltage, 130 V _+ 10 V). 

fl-Cyclodextrin (/3-CD) was obtained from Fluka. X-ray 
powder diffractograms were recorded on a Rigaku Geigerflex 
D/max-B series X-ray diffractometer with Cu Kot radiation. 

2.2. Photochemical procedures 

2.2.1. In sunlight 
Flurecol-butyl (50 rag) was dissolved in 50 ml of spectral 

grade benzene and kept in sunlight. Similarly, the inclusion 
compound of flurecol-butyl was treated with a drop of 
dimethyl formamide (DMF) to declathrate the complex and 
kept in sunlight. 
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2.2.2. In laboratory 
Flurecol-butyl (300 mg, 0.001 mol) was dissolved in 300 

ml of benzene and irradiated with a high pressure mercury 
lamp. Detection of photoproducts was carried out by the thin 
layer chromatography (TLC) technique, whereas isolation 
was done on a silica gel column. 

2.3. Preparation of inclusion complex 

Flurecol-butyl dissolved in a minimum quantity of ethanol 
was added to an aqueous solution of/3-Cd at 80 °C. After 
homogenizing at 80 °C, further mixing was carried out at 15 
°C for 2 h. The residue settled overnight and was filtered. The 
untrapped feed was removed by washing with acetone and 
the complex was dried at 100 °C in an oven. 

3. Results and discussion 

Flurecol-butyl (I)  was found to be a rapidly degradable 
pesticide. In sunlight, irradiation for 15 min showed the for- 
mation of five to six photoproducts (75% degradation), 
whereas a similar pattern of photoproducts on TLC was 
observed after irradiation of I with UV light within 5 min. 
The maj or photoproducts 25 % were isolated: 
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Their spectral characteristics as determined by us are given 
below. 

Dibutyl-9,9'-bitluorene-9,9'  dicarboxylate  (II): m.p., 
128 °C. MS: M + 530. NMR (CC14): ~ 6.8-7.4 (m, 16H, 
aromatic protons), 3.9-4.3 (m, 4H, -OCH3 ×2) ,  0.7-1.8 
multiplet (4H, --CH2--CH 3 X 2) ( 6H , -CH 3 X 2) (4H, -CH2-  
CHz-CH3 × 2) ppm. IR: v 3080-2840 (CH stretching), 1610 
and 1590 (aromatic ring), 1740 and 1720 (ester carbonyls) 
c m -  i. 

1-Hydroxy-9-11uorenone (III): m.p., 115 °C ( 115 °C 
[14]).  MS: M ÷ 196. NMR (CDC13): 8 6.6-7.7 (m, 7H, 
ArH), 8.3 (s, H --OH) ppm. IR: v 3370 ( -OH) ,  1690 (car- 
bonyl), 1600 (aromatic ring) cm-1. 

Dibutyl-9,9'-bifiuorene-9,9' dicarboxylate ( I I )  is a dimer 
formed by loss o f - O H  from flurecol-butyl (I) .  Its formation 
can be rationalized as in Scheme 1. 

The formation of 1-hydroxy-9-fluorenone ( I l l )  can occur 
by the loss of butyl radical from I to form Ia. Abstraction of 
a hydrogen from the ring to give Ib and a rearrangement 
involving a 1,3 shift can lead to the formation of o-formyl 
derative Ie. The loss of carbonyl from Ic would result in the 
formation of I I I  (Scheme 2). This proposal is entirely ten- 
tative and further experimental verification is in progress. 

In order to reduce the rate of degradation of flurecol-butyl, 
attempts were made to include I in/3-CD. Encapsulation of 
I in/3-CD was confirmed by the m.p. (262-266 °C), TLC 
analysis, UV spectra in DMF (Amax=275 nm) and X-ray 
diffraction technique. 
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Fig. I. X-ray line diagrams: A, flurecol-butyl-/3-CD physical mixture; B. flurecol-butyl-/3-CD inclusion complex. 

A typical diffraction pattern line diagram of flurecol-butyl- 
/3-CD physical mixture and flurecol-butyl-/3-CD inclusion 
complex (Fig. 1) illustrates the entry of the guest in/3-CD 
moiety. 

Irradiation of the standard I and inclusion complex of I in 
sunlight was carried out for ½ h. TLC analysis showed that 
the number and concentration of photoproducts in the case 
of inclusion compound after irradiation was low, compared 
with the degradation of standard I. 

From this it can be deduced that the photodegradation rate 
was slowed down on inclusion, which may be due to the slow 
release of 1 from inclusion complex after the addition of 
DMF. It is possible therefore to stabilize these types of rapidly 
degradable pesticide by encapsulating them in/3-CD. 
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