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ABSTRACT 

9-Allyloxyfuro[3 ,2-g][ I ]benzopyran-2-one 
(allyloxyxanthotoxin) (3) can be obtained by refluxing a 
mixture of xanthotoxol, allyl bromide and anhydrous 
potassium carbonate for 6 hours. On the other hand, when 
allyloxyxanthotoxin was fused at 150°C, it gave 4-allyl-9-
hy droxyfuro[3 ,2-g] [I ]benzopyran-2-one( alloxanthotoxi n )( 4 ). 
The same product 4 was obtained when allyloxyxanthotoxin 
(3) was irradiated with ultra violet light at room temperature 
for 100 hours. The ground state molecular geometry of 
allyloxyxanthotoxin and alloxanthotoxin were theoretically 
investigated and optimized using ab-initio quantum 
mechanical level of computation.The electronic absorption 
spectra of allyloxyxant'•otoxin and alloxanthotoxin have been 
investigated in different solvents with different polarities and 
the observed spectra were analyzed using Gaussian 
technique. The observed spectral bands were discussed and 
assigned to different transitions between molecular orbital.s 
on the basis of the results of ZINDO/S quantum mechanical 
method using the configuration interaction procedure . 

INTRODUCTION 

Furocoumarins (FC) in combination with UV A ( Ultra Violet 
radiation with wave length between 300-400 nm.) are used for the 
treatment of numerous autoimmune and skin deseases (Bethea et. al., 
(1999)) involving inflammation (Peters et. al., (2000)). Usually the 
photosensitizing effect of furocoumarins is accounted for by the ability of 
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intercalating between DNA bases and covalent binding to pyrimidine 
bases under UV A irradiation [Dall' Acqua et. al., (1979)]. 

Photooxygenation of furocoumarins : imperatorin (A) and 
alloimperatorin (B) gave the corresponding hydroperoxides (A' & B') 
[Abou-Eizahab et. al., (1991)], which are used for damaging DNA 
photochemically ofUV A (365 nm) (Epe et. al., (1993)] (Scheme I). 

The distribution profile of naturally-occurring furocoumarins 
shows large variations according to the plant species. Rutaceae (Zobel 
and Brown, (1989)], Moraceae [Swain and Downum, (1991}], 
Leguminosea [Zobel et. al., (1991)] and Apiaceae [Abu-Mustafa et. a),, 
(1970)) families containing complex mixture of different furocoumarins 
such as xanthotoxin (8MOP), bergaptin (SMOP), psoralen (PS) and 
angilicine (AN) in large scales. Whereas, imperatorin (IMP} (A) and 
alloimperatorin (AIMP) (B) are present at low levels in some few 
species. 

Here we have synthesized and investigated the two newly 
furocoumarins : allyloxyxanthotoxin (3) and alloxanthotoxin W fr.om 
natural origin as imperatorin (A) and alloimperatorin ~B) like 
respectively. 
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Also, We found that it would be more convenient when we shed 
more light on the molecular geometry and the electronic structure and the 
spectral behaviour of these compounds to be the start point to investigate 
their possible interaction with DNA in a similar behaviour as reported 
with other furocomarins and similar compounds [Jing-Xi Pan et. al., 
(2001)) 

RESULTS AND DISCUSSION 

The hydrolyzed derivative (2) was alkylated with allyl bromide to 
give 9-allyloxyfuro[3,2-g][l]benzopyran-2-one (3), in a very good yield 
(80%) (Scheme 2). 
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1H-NMR spectrum of 3 showed ABX system 5.45, 5.66 and 6.41 
characteristic for vinylic group (CH2=CH-) at the side chain. MS 
spectrum showed the molecular ion peak at mlz 242. 

Just we performed the fusion of the allyloxy-derivative (3) the 4-
allyl-9-hydroxyfuro[3,2-g][I]benzopyran-2-one (4) was formed. The 
same product (4) was obtained when the allyloxy-derivative (3) was 
photolyzed in chloroform solution, but in a poor yield (Scheme 2). 
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The mechanism of producing aBo-derivative (4) was most likely 
formed through aromatic Claisen rearrangement. Where the allyl group 
underwent one inversion to give an ortho-isomer and another to give a 
para-isomer via [3,3] sigmatropic rearrangement, followed by [1,5] H 
shift (Scheme 3). 
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1H-NMR spectrum of 4 showed the hydroxyl proton at o = 7 52 and the 
allyl group at 0 5.14, 535 and 6.21. MS spectrum of 4 showed the 
molecular ion peak at miz 242 and the molecular ion peak minus a 
phenolic proton at 241 (base peak, 100%) 

Ground State Geometry: 
a) Geometry of allyloxyxanthotoxin (3) 

The equilibrium state geometry of allyloxyxanthotoxin compound 
(3) was determined from the ab-initio optimization process using the 6-
31 G* basis set. The molecule showed in general that the three fused rings 
are exactly co-planar (see spatial representation and atomic numbering 
order in Fig. I). The -O-CH2-CH=CH2 side chain is generally oriented 
out of the rings-plane SO that the dihedral angle C.-Cu-0Iz-CI6 (twisting 
about the C w012) was found to be about 79 degrees and inclined 
towards the coumarin moiety. The potential energy curve resulted from 
twisting the -O-CH2-CH=CHz side chain about the Cu-01z bond is given 
in fig.2a. Moreover, the terminal CHz=CH-CHz- was not oriented to be 
exactly in a trans direction relative to the Cw012 bond. Calculation of 
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the change in molecular total energy when CH2~CH-CH2· group is 
rotated about the 0 12-C !6 bond showed that the lowest energy is detected 
at a CwOu-CwC17 dihedral angle of 168 degrees. This indicates that the 
CH2~CH-CH2- is twisted by an angle of 12 degrees from the trans 
orientation relative to the Cn-Ot2 bond. The potential energy curve 
arised from rotating the CH2=CH-CH2- group about the On-C 16 bond 
presented in fig.2b. On the other hand, the terminal CH2=CH- group of 
the side chain is twisted so that the dihedral angle Ou-CI6-Cl7=Cis was 
about -154 degrees, which indicates that this terminal group is twisted 
from the trans- direction relative to the 0 12-C 16 bond by an angle of 26 
degrees and inclined towards the furan moiety. The potential enrgy curve 
resulted from rotating the terminal part CH2=CH- of the side chain about 
the c,6.c17 bond is shown in fig.2c 

Results of molecular orbital calculations indicated that the 
allyloxyxanthotoxin (3) molecule is a strong dipole and has a dipole 
moment of 7.52 Debye. The calculated atomic charges indicated that the 
ketonic and hydroxyl oxygen atoms 07 and 0 12 are the highest negative 
centers among all atoms. Atomic charges of some active centers as well 
as bond lengths and orders of the important bonds are summarized in 
table l. 

Table(l): Atomic charges and bond lengths and orders of some 
important atoms and bonds of allyloxyxanthotoxin (3) as 
resulted from molecular orbital calculations. 

Atom Charge Bond Length (A) I Order 
-··-~-----

Coumarin moie!Y 
05 -0.286 C4-05 1.374 0.751 
07 -0.328 05-C6 1.376 0.741 

C6=07 1206 1.8 J 6 
Furan Moiety 

013 -0.247 I Ow-013 1.366 0.794 
OwCt4 1.388 0.796 

Side Chain 
012 -0.333 CwC12 j 1.362 0.883 
c,6 0.032 0,2-HIG..._.. 1.457 0.684 

energy of'!'" (HOMO) =-8.181 eV: energy of \j/46 (LUMO) =.0635eV 
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6 

Fig.( I): Spatial representation ofallyloxyxanthotoxin (3) obtained from 
geometry optimization and numbering order of its atoms. 
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Fig. 2a : The potential energy curve resulted from twisting the side 
chain of allyloxyxanthotoxin (3) about Cu-01: bond. 
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Fig. 2c The potential energy curve resulted from twisting the 
terminal part CH2=CH- of the side chain of 
allyloxyxanthotoxin(3) about the cl6"cl7 bond. 

b) Geometry of alloxanthotoxin: 
The equilibrium ground state geometric parameters of 

alloxanthotoxin compound (4) was also obtained from the geometry 
optimization process using the ab-initio method using the 6-31 G* basis 
set. Results showed that the three fused rings of the molecule. as in case 
of allyloxyxanthotoxin (3) are exactly coplanar. The CH2=CH-CH2· side 
chain on the other hand, is oriented out of the rings-plane so that the 
dihedral angle C9-Ca·CwC17 (see atomic numbering order in FigJ) was 
found to be about 80 degrees, and inclined towards the furan moiety of 
the molecule. The potential energy curve arised from rotation of the 
CH2=CH-CHr side chain about the Cs-C 16 bond, out of the molecular 
plane, is shown in Fig.4a. The terminal -CH=CH2 group of the side 
chain was found to be twisted from the trans orientation relative to the 
Cs-CI• bond. The calculated Cs-CwC17=C1s dihedral angle was found to 
be -121 degrees. This means that this group is twisted from the trans 
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direction relative to the Cs-C16 bond by an angle of 59 degrees and 
inclined towards the coumarin moiety of the molecule (see Fig. I). The 
potential energy curve arised as a result of twisting of the terminal -
CH=CHz, about CwC11 is given in fig4b. The phenolic OH- group, on 
the other hand was found to be exactly coplanar with the rings-plane and 
H-atom is directed towards the col)marin moiety of the molecule. The 
potemial energy curve of twisting the OH- group about the C u-012 bond, 
out of the molecular plane is shown in fig.4c. 

Moreover, results of molecular orbital calculations indicated that 
the alloxanthotoxin (4) molecule is a stronger dipole than 
allyloxyxanthotoxin (3), and has a dipole moment of 7.73 Debye. The 
calculated atomic charges indicated that the ketonic and hydroxyl oxygen 
atoms 07 and 0,2 are the highest negative centers amoung all atoms in 
the molecule. Atomic charges of some active centers as well as bond 
lengths and orders of the important bonds are summarized in table 2. 

Table (2): Atomic charges and bond lengths and orders of some 
important atoms and bonds of Alloxanthotoxin as resulted 
from molecular orbital calculations. 

tAtom-lChargeTBo~Bond Length (A)~ond I 
! I , Order 1 . . . ___],___________ ------< 

I
, ,CQumjlrin moiety 

ol -02911 C4-0s us2 o.739 
l 01 -0.3317 05-C6 1.378 0. 758 

Furan Moiety 
013 

Phenolic OH-
GrQ\.!!1 

I -0.2404 

C6=07 1.212 1.816 

Ow-013 
OtJ·Ct• 

1.388 
1.387 

0.785 
0.812 

012 -0.3736 CwC12 1' 1.364 I 0.911 
L_ Hzt 0.049 Ot2-H21 0.949 0.753 
Energy of"'" (HOMO)= -8.117 cV : Energy of '1'46 (LUMO) = -0.702 e V 
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Fig. (3): Spatial representation of alloxanthotoxin( 4) as obtained from 
geometry optimization and numbering order of its atoms. 
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Fig. 4b: Potential energy curve of twistin" the tcnniual -CH=CH, part 
of th~ side chain of alloxanthoto,.i,1 ( 4) 31Jout C..-Cn bond. 
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Fig. 4c: Potential energy curve of twisting of phenolic OH- group of 
alloxanthotoxin (4) about the Cu-Ct2 bond. 

Electronic Absorption Spectra: 
a) Electronic Spectra of allyloxyxanthotoxin (3) 

The electronic absorption spectra of the allyloxyxanthotoxin (3) 
in different solvents are given in Fig.S. The absorption bands in the 
spectrum in the region from 250-400 nm, in the different solvents, 
appeared in three different regions of the spectrum at 250-275, and 275-
330 and at 330-380 nm. The region 275-330 nm was observed to be 
composed of different overlapped absorption bands. We carried out the 
configuration interaction calculations for electronic transitions between 
the five highest occupied Y•1-w4s, and the five lowest vacant 1!146·\llso 
MO's using ZINDO/S method. Results of calculation of electronic 
transitions showed that there are four absorption bands expected in the 
concerned region of electronic spectrum. On these bases, the observed 
bands are subjected to Gaussian Peak-Analysis and curve fitting with the 
aid of the Microcal ORIGIN softwareu The observed bands in the 
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different regions were analyzed to their expected four components and 
their characteristics such as Einstein's probability coefficients, life-time 
of the .excited states and oscillator strengths were determined. The 
analysed spectra with the Gaussian curve fitting are given in Fig.6. The 
experimentally observed band maxima, with their estimated molar 
extinction coefficients and oscillator strengths in different solvents are 
summf!Jized in table 3. The different absorptions were assigned to 
electronic transition on the basis of the calculated molecular orbitals and 
configuration interaction results. The wavefunctions (ljlwlj/48) of these 
MO's with their energies as obtained from ZINDO/S MO calculations are 
presented in Fig.7. The CI state-functions of the excited states and the 
corresponding transition energies and oscillator strength as resulted from 
Cl calculations are depicted in table 4. 

When we take the spectrum in n-hexane as a nonpolar solvent to 
discuss our results, we found that the first observed band was detected at 
340 nm with molar extinction of s=2900. This band is considered to be 
some kind of n-n• transition, between the occupied lj/44 and lj/45 orbitals 
to the vacant lj/46 and \fl47 orbitals. Calculations showed that these two 
orbitals have their highest contribution from atomic orbitals of the 
oxygen atoms of the coumarine moiety (lj/45) and furan moiety (\fl44), and 
both have considerable contribution from Jt· orbitals located on coumarin 
moiety. The vacant \fl46 and ljf41 orbitals on the other hand have their main 
contribution from the n-orbitals located at the coumarin moiety in \j/46 

and on the furan moiety in \fl47- The observed oscillator strength of this 
band has a value of 0 017 which characterizing a forbidden transition. 

The second observed band was detected at 312 nm with molar 
extinction of &=4400. It is also a n-1t• transition and attributed to 
transition between the occupied lfl4l which has its highest weight of 
contribution from the atomic orbitals of the ketonic oxygen of the 
coumarin moiety, and the unoccupied \j/46 orbitals which is mainly 
contributed from the n-orbitals localized at the coumarin moiety It was 
also observed as expected with a very weak intensity and oscillator 
strength of 0.025 The estimated Einstein probability coefficients 
(absorption and emission) and the life-time of the excited states of these 
two bands have values of the order 107 (sec'1

) for both absorption and 
emission (sec-1 g'1 

) transition probabilities and values of the order 10"7 

seconds for life-time of the excited states. Tl!is interprets the weakness 
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and broadness of such bands in the UV spectrum. The calculated values 
of the oscillator strength of these bands obtained from the ZINDO/S-CI 
procedure are in agreement with the experimentally estimated values. 

The third band of the spectrum (in n-hexane solvent) was that at 
291 nm with molar extinction of e=l1400 .This band, as shown from 
table 2, is to high extent is a 1t·1t* transition and attributed to transition 
between the occupied \j/44 and \j/45 orbitals with their high contribution 
from Jt-orbitals to the vacant \j/46 and \j/47 which are mainly Jt-orbitals. 

The fourth band in the spectrum was obtained at 261 nm with 
molar extinction coefficient of e=l3300. This transition is also a kind of 
lt·Jt* transition and arised due to possible transition between \jl« and \j/45 

and the vacant \j/46, \jl47and \j/48 orbitals as seen from table 4. The estimated 
Einstein probability coefficients from the observed band maxima and 
extinction coefficients of the third and fourth bands showed that these 
bands in general have absorption probabilities (sec"1

) as well as emission 
probability (sec·1.g"1

) of the order 108 and life-time of excited states of 
the order 10"9 seconds. This indicates that these two bands are UV
observable more than than the first and second bands. The calculated 
oscillator strengths of the four bands from the CI job were found to be far 
higher than those experimentally estimated values. 

- water 
-- n~hexene 

•· •· THF 
Actn 
BhariOI 

•+---r--,-~---.---r·--.-~~~--~ 
260 2&1 300 J20 J'l!J 

~ ( nm ) 

Fig.(5): Observed uv-spectra of al!yloxyxanthotoxin (3) in different 
solvents. 
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Table (3): Observed bands of Allyloxyxanthotoxin in different solvents, 
their observed and calculated Oscillator strengths and their 
assignments. 

For the l" and 2nd bands: Einstein's absorption coefficient (A"·)"' I 07 
, 

Einstein's absorption coefficient (Bif) .,!0' , Life-time .,to·' 
For the 3'd and 4"' bands: Einstein's absorption coefficient (A,1) .,Jo' _ 

Einstein's absorption coefficient (B,1 ) "'108 
, Life-time "10·• 

Table ( 4): Configuration Interaction state functions of the excited states 
and the corresponding transition energies (AE) and oscillator 

h (t) t! I . strengt or the AI yl.£_x xanthotoxtn compound. 

! 

I 
CI- results Transition coefficients of I 

state state functions I 
p{nm) I 6E(eV) F(oscL 

I 
I 

I IJI4J "1Ji47 0.4370 I 
I ' IJI4J ·IJI•& 0.3402 

L:l 4.860 
' 

0.776 IJ144 -ljl47 0.3555 
I 

IJ145 ·li/46 
0.2132 I I i 

i 
: IJ14l"IJ147 0.3176 

277 4.457 I 0.290 0.5553 i I \jl#"li/46 

t 
I I \V45 -ll/46 -0.2220 

i 
j IV41 ·IV46 0.6039 

1 
I 

285 I 4.332 0.003 \V41 ·ljl48 0.3524 
I 

IJ145 "\V46 0.5840 I 

l 320 3.858 0.080 \jl4l •IJI4& 0.1713 

i ljl# ·ljl47 0.3ll3 
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Fig 6a-d . Gaussian analysis of the UV-spectra of allyloxyxanthotoxin 
(3) in different solvents. 
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Fig.(7): Representation of the calculated wavefunctions of the 
Molecular orbitals involved in the electronic transitions of 
Allyloxyxanthotoxin 13). (Orbital contours higher than 0.07} 
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b) Electronic Absorption Spectra of alloxanthotoxin (4) 
The electronic absorption spectra of the alloxanthotoxin ( 4) in 

different solvents are given in Fig. 8. The absorption bands in the 
spectrum in the region from 240-400 nm, in the different solvents, were 
appeared in three different regions of the spectrum at 250-285, and 285-
330 and at 330-380 nm. Each of these regions seemed to be composed of 
different overlapped absorption bands. The configuration interaction 
calculations for electronic transitions between the five highest occupied 
\jl.w\j14s , and the five lowest vacant \j146·\Jiso MO's using ZINDO/S 
method showed that there are six absorption bands were expected in the 
measured region of electronic spectrum. On these bases, the observed 
bands are subjected to Gaussian Peak-Analysis and curve fitting. The 
observed bands in the different regions were analyzed to their expected 
six components and their characteristics (as Einstein's probability 
coefficients, half-life time of the excited states and oscillator strengths) 
were determined. The analyzed spectra with the Gaussian curve fitting 
are presented in Fig.9. The experimentally observed band maxima, with 
their estimated molar extinction coefficients and oscillator strengths in 
different solvents are summarized in table 5. The different absorptions 
were assigned to electronic transition on the basis of the calculated 
molecular orbitals and configuration interaction results. Configuration 
interaction results indicated that the highest two occupied and lowest 
three vacant molecular orbitals are those, which have the highest weight 
of contribution in the different transitions. The wave functions (\j/43-1~48) 
of these MO's with their energies as obtained from ZINDO/S MO 
calculations are presented in Fig. I 0. The CI state-functions of the excited 
states and the corresponding transition energies and oscillator strength as 
resulted from CI calculations are depicted in table 6. 

When we take the spectrum inn-hexane as a non-polar solvent to 
discuss our results, we found that the first observed band was detected at 
363 nm with molar extinction of e=21 00. This band is attributed to n-n:* 
transition, between the occupied non-bonding \j/44 and \JI;s orbitals, which 
have high contribution from atomic orbitals of the oxygen atoms of the 
ketonic and hydroxyl group, and the vacant \j/46 and w .. ,n:-orbitals located 
at the coumarin moiety in case \j/46 and on the benzenoid and furan ring 
in \)147· The observed oscillator strength of this band has a value of 0 012 
characterizing a forbidden transition. 
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The second observed band was detected at 321 nm with molar 
extinction of e=4500. It is also a n-tt* transition and attributed to 
transition between the nonbonding lj/44. and W4l orbitals and the \1146 and 
\1147 n-orbitals. It was also observed as expected with a very weak 
intensity and oscillator strength of 0.017. The estimated Einstein 
probability coefficients (absorption and emission) and the life-time of the 
excited states of the first and second bands have values of the order l 06 

for both absorption (sec-1
) and emission (sec'1 g' 1

) transition probabilities 
and values of the order 10'6 seconds for life-time of the excited states. 
This indicated that these two bands are forbidden bands to be detected in 
the UV spectrum. The calculated values of the oscillator strength 
produced values, which are to some extent in agreement with the 
experimentally estimated values. 

The third band was obtained at 310 nm with molar extinction 
coefficient of e= 16500 is also a n-Tt* transition attributed to the transition 
between the nonbonding \1141 which has its main contribution from the 
non-bonding atomic orbitals of oxygen atoms of the (coumarin moiety, 
and the \1146 and W•1 Tt-orbitals. The estimated Einstein probability 
coefficients from the observed band maxima and extinction coefficients 
showed that this band has absorption probability (sec-1

) as well as 
emission probability (sec· 1.g'1) of the order 107 and life-time of excited 
state of the order 10'7 seconds. This indicates that this band is more 
detectable than the first two bands. This band was detected with 
oscillator strength of 0.15, which is in agreement with the quantum 
mechanically calculated value (0.102). 

The fourth band of the spectrum (in n-hexane) was that at 276 nm 
with molar extinction of e=22200. This band, as shown from table 2, is to 
high extent a 1t-1t* transition and attributed to transition between the 
occupied \1144 and \1145 orbitals to the vacant \1146, \1147 and lj/4s which are 
mainly tt-orbitals. 

The fifth and sixth bands in the spectrum were obtained at 267 
and 252 nm with molar extinction coefficient of s=21900 and 26100 
respectively. These are also a kind of 1t·1t* transition. They arised due to 
possible transition between the occupied lj/44 and 11145 and the vacant \1147 

, 11148 and lj/5o tt-orbitals as seen from table 6. The estimated Einstein 
probability coefficients from the observed band maxima and extinction 
coefficients of the forth, fifth and sixth bands showed that these bands 
have absorption probabilities (sec-1

) as well as emission probability (sec-
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Ig-1
) of the order 108 and life-time of excited state of the order 10'9 

seconds. This indicates that these three bands are allowed and detectable 
other than the first three bands. The calculated oscillator strengths of 

. these bands from the CI job were found to be higher than those 
experimentally estimated values by a factor of seven. 

The effect of solvent polarity on the observed absorption bands 
generally appeared in the change of their positions as well as their 
intensities. In the spectrum of allyloxyxanthotoxin (3) as well as 
alloxanthotoxin (4), the increase of solvent polarity, showed no 
considerable shift (or a very weak blue shift) in case of the first two 
bands of allyloxyxanthotoxin (3) and the first three bands in case of 
alloxanthotoxin (4) (n-Jt* bands) and no shift (or a very weak red shift) in 
case of the other lt·Jt* bands (see table 3 and 5). This very weak shift in 
band positions in both molecules can be ascribed to their strong dipole 
(Dipole moments are 7.52 and 7.73 Debye for allyloxyxanthotoxin (3) 
and alloxanthotoxin ( 4) respectively) and electron excitation may not 
cause any considerable decrease in the polar character of the molecule. 
Accordingly, the solvation energy of both the ground and the excited 
states will have no significant difference and consequently no 
considerable shift in band maxima with increasing solvent polarity could 
be observed. 

--water 
-THF 

Ethanol 

1.0 

a.s 

O.Q 

JSO \ 
" (nm) 

100 

Fig. 8; The observed uv-spectra of alloxanthotoxin (4) in different solvents. 
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Table (5): ObseiVed band maxima.molar extinction coefficientS (E) and oscillator 
strengths (f} of alloxanthotoxin compound in different solvents 

. 
Ethyl- ., .... .,., ···--·-~ 

h•uo:•n• ·-----.... , 
ol ' --~~---T-- ~;---~~~~--;----~ r--r-,--,----,--- h I ' h 

f-~l·•.-.·• A I ' ' j t-1 ! t. .,.~.·•e.·• ! ~ ,_, ;t"aol"'c:a'' ' 
,_, 

' F-t. 't:a·• ! t 
i ,_, 

I~~ ~fOO '0.070 "' ' Y'rl>" Q oso 
j '"''.' 

0 087 m ':uoa 0 '" t*--I 2i~-~ ~~~ '0.054 .. , ,., ' .. 1 0 051 m ! "'" Q 

,., 
"' Zt900 • "' [215 2:3900 1o.on l76 1 TYI•• ! 0 082 ~'--~-=-j' ,., 276 f. 22200 - 0 i!Sl 

3U-+"~---filir ! 31,-=~--~Tc:i 
320 I l$00 --+.:--006 ~- ...._'~'• .. _ oou 

lll , 'lA • • 0 US 
l2l_ ~ ~i ~=::!iliL~~-=-~~ ~! -+--'.!~--- _ 'a Ol"J 

L~_(--~ -O.!lC~ L2!? Tl'•• (I &12 '" 1 2COO 0.01.1 "' !_1E_£ ___ ~~~~~ 

For the 1". 2"' and 3"' bands: Einstein's absorpticn coefficient (A,,) "106-10 ·. 
Einstein's absorption coefficient (B") "!06·!0' . Life-time (tu:) " !O.c-10-

for the~"'.;"' and 6"' bands: Einstein's absorption coefficient (A,,) "10'. Einstein's 
absorption coefficient (B") ,.w• . Life-time (t1 0 )" w·'. 

Table (6): Configuration lnlernction slate functions of the excited states and the 
corresponding transition energies (t!.E) and oscillator strength (f) for the 
aUoxanthotoxine compound. 

CI- results Transition Coefficients of 
i. (nm) t!.E (eV) F(osc) state State coefficient 

(\j/,;)"' \j/.s 0.539 
{\j/;_,_)"' \jf,- OJ61 

233 5.298 I o.m < \jl .,r' \jl"' 0.156 

! {\j/"r' w,. ll.J:l5 

(ljl"r' ljl,· ; -0.~ 16 

{ljl;;( \j/4" I -0.389 
262 ~.712 UA81 (ljl.sr' ljl;s 

I 
0.237 

(ljl.,r' \j/,. .().1 ~8 
0. II~ 

< w ,r' 21:48 I 
I (\jl;;)"' ljl;- I 0.~88 

I I (ljl,r' ljl"' I 0.273 
269 4.589 I 0.653 ( ljlg)" I \jl 48 0.261 

<w .. r' \j/;7 .()_213 

<w"'r' Ul;o 0.134 

~ 
<w" r' \j/-16 0597 

4.185 0.102 (\j/"r' UJ,- 0.362 

(ljl_,_,r' ljl,. ' 0.660 

1310 I 
3.982 0,03~ (ljl;;)"' ljl;• 0.199 

(w,_,_r' w,· 0.106 

I (\j/,;)"' \j/.s ! 0.574 
I 

(\j/"r' \j/,- I 0.320 
355 3-177 0.011 (\j/.sr' ljl,. ! 0.171 

(ljl,r' ljl,- i 
0.103 

<w"r' ""'"' 
0.101 

I 

i 
i 
i 

I 

I 

l 
I 
I 

j 



Synthesis, Geometry and Electronic Spectral 169 

No 13o:l.:grurd X2=0.2589214 r.l=OSJ9871132 
3 ~~--~--~-------------~----------~ 

a : Allol<Yannthotoxm in Water 
25 

2 

No Eb:J<gt~Jnd X2=l167Efl4 r2=0.99500431 
~5~-----------~------------------------~ 

i 
' 

3~rfi :Y\ 
' -i • 
~. r·\ ·. 

2.5~··'\,\ 

b: Alloxanthotoxin in ethanol 

f. l .. 

4()) 
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No Ba::!qwnd X2=09J551443 r2=0.99EB2574 

c: Alloxanthotoxin in THF 
2.5 

2 

1.5 

0.5 

275 325 375 
No ~ X2=il5970335 <2=099751393 

3.5-r------...::_--~---------l 

d : Alloxanthotoxin in n-hexane 

Fig. 'la-<1: Tho Gaussian analysed UV-spe<:trn of alloXllnthotoxin ( 4) in dill'erent solvents. 
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~~ 
MO 41 E = -10.245 eV MO 42 E = -9.997 eV 

MO 43 E = -9.901 eV MO 44 E = -8.366 eV 

M045 E• -8.117 eV 
MO 46 E • -0.702 eV 

MO 47 E = -0.025 eV MO 48 E = 0.685 eV 

Fig. tO: Representation of the calculated wavefunctions of the Molecular 
Orbitals involved in the electronic transitions of alloxanthotoxin (4). 

(Orbital contours values less than 0.07 were neglected) 



Eman EI·Gendy and Mamdouh Soliman 172 

EXPERIMENTAL 
Materials: 

Xanthotoxin (1) was supplied by Memphis Chemical Co., Cairo, 
Egypt The known compound xanthotoxol (2) was prepared according to 
literature procedure (Schnberg and Sina, 1953).Allyl bromide (3) m.p : 
119 b.p : 70·71 supplied by Aldrich fine Chemical Company. (4) All 
solvents used in UV-measurements were spec-pure quality supplied by 
Merk Chemical Company. 

Eq11ipments: 
- Melting points were uncorrected and recorded on Reichen thermover 
apparatus. 
- IR spectra were performed on a U nicam SP 2000 Infrared 
Spectrophotometer using KBr disk technique. 
-

1H NMR spectra were measured on JNM-LA-400 MHz, NMR 
apparatus with CDCh as solvent 
- MS spectra were recorded on MS-JEOL-JMS600. 
-The photolysis apparatus used wide spectrum medium pressure mercury 
Lamp (HRI-T250 W) Silica gel 60 GF 254 used in TLC from Merck. 
- The electronic absorption spectra of the title compounds (lxl0-4 M) 
was measured in different solvents (pure grade) using Perkin Elmer 
Lambada 2 absorption spectrophotometer. 

Preparatjon of: 9-AIIyloxyfllro[3,2-g)(l)benzopyran-2-one (3): 
A solution of xanthotoxol (2) (4g, 0.0046 mole), allyl bromide (4 

g, 0.0085 mole) and potassium carbonate anhydrous (8 g) in acetone (30 
ml) was refluxed for 6 hours. The inorganic salts that separated were 
filtered off. Acetone solution was evaporated under reduced pressure to 
give a gummy material, which was recrystallized from a mixture of ethyl 
acetate : n hexane (I: I) to give (3.2g, 80% yield) of a pale brown crystals 
of 3, m.p. 75°C. IR(KBr): cm·1 = 3090, 2940, 1660, 1600, 1500, 1200 
and 1100. 1H-NMR(CDCh): 6 = 5.26 (d, J =6Hz, 2H, CH2·I'), [ABX 
system, I)A = 5.45 (dd, JAB= 2Hz, J,x = 10Hz, IH, H-3'), 5.66 (dd, JAB= 

2Hz, lax= 16Hz, IH, H-3'), 6.41 (comp. pat, IH, H-2')], 6.60 (d, J = 12 
Hz, IH, H-6), 7.06 (d, J =2Hz, !H, H-3), 7.57 (s, IH, H-4), 7.92 (d, 1 = 
2Hz, IH, H-2) and 8.01 (d, J =12Hz, IH, H-5). MS, R.T = 2:10 min, 
mfz = 242.9 (M-, C1.HJOO•) (2.2%), 215.9 (M+-C2H3) (I%), 202.9 (M+
C3H4) (38%), 201.9 (M'" -CJHs) (24.8%), 200 (M'"-C3H7) (100"/o), 173.9 
(CwHs03) (20%) and 147.0 (CsHJOJ) (1%). 
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Preparation of:4-Allyl-9-hydroxyfuro[3,2-gJ [Il benzopyran-2-one ( 4): 
The compound was prepared by two different methods 

Method A_: Thermolysis: 
Allyloxy-derivative (3) (2g, 0.0083 mole) was fused at 150°C for 

30 min., whereas it was melted, resolidified and then melted again. The 
crude product was recrystallized from ethanol to give colourless crystals 
ofallo-derivative (4) (lg, 50% yield), m.p. 208-2!0°C 
Method B: Photolysis: 

A solution of allyloxy derivative (3) (0.6g, 0.0025 mole) in 
CHCh (I 0 ml) was irradiated with ultra violet light in the corning glass 
test tube without filter at room temperature for 100 hours. The solution 
was evaporated to dryness to give gummy material which was purified by 
column chromatography, using silica gel (0.2-0.06 mm), the eluent was 
petroleum ether 60-80: ethyl acetate (9: l) to give colourless crystals of 
aBo-derivative (4) in a poor yield. 
IR(KBr): cm'1 : 3600,3140,2980, 1700, 1670, 1600, 1200 and 1100. 
1H-NMR(CDCb): l:i = 4 03 (d, J =6Hz, 2H, CH2-l' ), [ABX system, l:iA = 

5.14 (dd, J.~e =2Hz, hx = 16Hz, !H, H-3'), l:ie = 5.35 (dd, JAB'= 2Hz, 
Jsx = lOHz, lH, H-3'), l:ix = 6.21 (comp. pat, IH, H-2 )], 645 (d, J = 
12Hz, lH, H-6), 7.10 (d, J =2Hz, !H, H-3), 7.52 (s, lH, OH), 7 95 (d, J 
=2Hz, lH, H-2) and 8.25 (d, J =2Hz, lH, H-5) 
MS, R.T. 2: 50 min, m/z 242.9 (M", Ct4Hto04) (39.4%), 241.8 (M·· 
H)( 100%), 215 (M+-C2H3) (70.6%), 201 (M+·C3H5) (68.8%). 

COMPUTATIONS 

The molecular geometry of allyloxyxanthotoxin and 
Alloxanthotoxin were optimized using the ab-initio MO level of 
computation. The split valence 6-31G* basis set was employed. The 
GA.\-1ESS [Gamess program ver 6.0, (1993)] and HyperChem 
[Hyperchem Release ver 6.03, (2000)) software packages were used for 
Geometry optimization and all other calculations based on the molecular 
orbital method. The spectral probabilities and band intensities and the 
properties of the excited states were computed using the ZfNDO/s-CI 
procedure [Delbene and Jaffe, (1968), Ellis, (1974), Ridely and 
Zerner, (1976), Bacon and Zerner, (1979)). The Origin ver 6.0 package 
(Gaussin analysis program) was that used for gaussian band-analysis and 
curve-fitting. All calculations were carried out using IBM-Pentium III~ 
1200 MHz Computer machine. 



Eman EI-Gendy and Mamdouh Soliman 174 

REFERENCES 

A. Schonberg and G. Sina, 1. Am. Chern. Soc, 75, 3265 (1953). 

kD. Bacon and M.C. Zemer, Theor. Chim. Acta, 53,21 (1979). 

A.M. Zobel and SA Brown, Can. J. Bot, 67,915 (1989). 

A.M. Zobel, SA Brown and R.E. March, Can. 1. Bot, 69, 1673 
(1991 ), 

B. Epe, M. Haering, D. Ramaiah, H. Stopper, M.M. Abou
Elzahab, W. Adam and C.R. Saha-Mbeller, Carcinogenesis, 14, 2271 
(1993), 

B P. Peters, F.G. Weissman and MA Gill, Am. l Health Syst 
Pharm., 57, 645 {2000). 

D. Bethea, B. Fullmer, S. Syed, G. Seltzer, l Tiano, C. Rischko, 
L. Gillespie, D. Brown and F.P. Gasparro, J. Derm. Sci, 19 • 2, 78 
(1999). 

EA Abu-Mustafa, FKA. El-Bary and M.B.E. Fayes, Planta 
Medica, 18, 920 (1970). 

F. Dall' Acqua, S.M. Magno, F. Zambon and G. Rodighiero, 
Photochem. Photobiol., 29,489 (1979). 

Gamess program, W. Schmidt and Co., Iowa State Univ., 
together with M.Dupuis and lA. Montgomry, l Comput. Chern. 14, 
134 7 ( 199 3 ); URL' s hlll2l!.~l;t2~.L~le!1U1lm,.HtL.!lf.alli~-rn~ss/i 11~-~"Ltmn L 
and htttpJ/quantum-2.chem.msu.ruJgran/gamess/index.html. 

Gaussian analysis program, Microcal Origin Ver 6.0, Microcal 
Software Inc., Northampton, MA 0 I 060 USA. URL. 

Hyperchem Release 6.03 (eva!) for windows molecular modeling 
system; Hypercube Inc., Copyright 2000; URL : http://hvper.com. 



Synthesis, Geometry and Electronic Spectral 175 

l Delbene and J l Jaffe, J. Chern. Phys. 48,1807 ( 1968). 

J. E Ridely and M.C. Zemer, Theor Chim. Acta, 42, 223 (1976) 

Jing-Xi Pan, Zhen-Hui, Jin Ling Miao, Si-De Tao Nian-Yun Lin 
and Da-Yuan Zhu, Biophysical Chern, 91, 105-113 (2001). 

L Swain and KR Downum,J. Am. Chern. Soc, 361 (1991), 

M.M. Abou-Elzahab, W. Adam and C.R. Saha-Moeller, Liebigs 
Ann. Chern., 967 (1991). 

R.H. Ellis , G. Huehnlenz and J. J. Jaffe, Theor Chim. Acta 35, 
33 (1974). 



Eman EI-Gendy and Mamdouh Soliman 

: ~~ .:.U,U..JSJJJ:!ill"J..i'.~'J\ ul;lo'JI , t.FI.>i, ~ 

~_,...;lj,JN\ ' ~_,...;lj ..,...S.#/1 

~ c:~ , <~.l.i+ll u~i 
.>""'"- • .)y.o.Wl- • Jy.o.i.Jl ...... 4-- ~ _,;)! ~_;ll Y!: 

.>""'" - ; ;y.o.i.JI - ; Jy.o.i.JI ....._4- - , p.ll ys 

... 1..11 • · .<~ '\jll .....,$ • (1") · ... CO '\ • . < '''JI -- > • • • .,....,- ..w--_,.... . >" ,_,.. ~ _,.... .) .,...... y.;;. ,_,....... Ji'-"-"'-' !'"'-" 

176 

\ o • ; f>"' -4. J,) r ~I (.)A.>"' .ll<:. , .j _;>.I "+'!- 0-< _, . .:.;,. JY. J;l'JI ~yo t-" 

:U..,.i 1....;,.,1> • • • jJI (!) · ... <~-··'' · .Ni '"' 11:.1 • - .<.,' ~ ,, .,; • Ji'-"-"'-' ,... ... J ..,........,.... JJ'• ,_,....... ..,. _ _,..., ,... _,_.. . .r 

.ll_, . .:..tyJI •f>"' -4-.J' .ll<:. :0..:.1.. ' •• ;,),..) •n .;;111 Jjl ~ r ..,.Sy.ll ~.JA.;-&i 

~,RJI U;l.JI Wy ..:...:;l. ... "'JI_,.4);ll, r ~y.ll..,<-l_;ill fi..!Ji'-IJJ ~ 

4.fo.i U"'\.,.,;,..'JI ........... '-IJ,..:...:; .>!_,, 4;:1.111 ~ -:..l.;o::...ll ..r--' f , r ~y.ll 

.!l);,_, . f , r 0'-!Sy.ll :U-u.JI ~Y-~ U."ll.. r" ~ :_;.._,. ~..>-; 4...1...-.1.,; 

. .!~;~ ,.., _,$ '-"'' - _,, jll :U.}o ,1,_;.,:;_...1.; 


