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Abstract

The photochemical behavior of compouddias studied as lignin model of phenolic dibenzodioxocin, due to the presence of photoreactive
«-0-4, B-0O-4 linkages and phenolic group. The latter, very sensitive to oxidation, should increase the dibenzodioxocin photoreactivity
compared to the non-phenolic dibenzodioxocin lignin madépr = 0.37). Irradiation o2 in non-degassed ethanol solutions at 285 nm
gave colored solutions. The reaction was found to be inefficigpt5 0.015). Analysis of the photoproducts by mass spectrometry suggests
that reversible formation of an intermediate quinone-methidey-+4 bond cleavage, might account for the low quantum yield value. The
short wavelength fluorescence emission observed for comphuwwmpared to that of biphenylbiphenglwas also found in molecu2
confirming the important role played by the dibenzodioxocin ring in the fluorescence emission of these structures.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Dibenzodioxocins; Lignin models; Fluorescence; Photoreactivity

1. Introduction pounds, such as-benzoquinones, which are detected dur-
ing the early stages of the photoyellowif. Also the hy-

Itis generally accepted that photodegradation of lignocel- droquinone/benzoquinone redox systems were implicated in
lulosics is mainly due to photooxidation of lign[t]. The the coloration process of lignocellulosifs0-14] Hydro-
main observation of this phenomenon is the photoyellow- quinones and catechols belong to phenol structures that ab-
ing of high-yield pulp and clear wood®,3]. It has been  sorb light between 300 and 400 nm in the lignocellulosics,
shown that phenoxy radicals are key intermediates. Theyand they are reactive units1,12] By contrast, coniferyl al-
are formed through a variety of pathways: hydrogen ab- cohol[15] and phenolic stilbeneld 6,17], which belong to
straction of phenolic hydrogen by excitedcarbonyl[4] conjugated phenols, are not responsible for the photoyellow-
or singlet oxygen5], direct oxidation of phenols absorb- ing of lignin-rich pulps. Recently Brunow’s group showed
ing near-UV light[6], photocleavage of phenacyl-aryl ethers that a large part of biphenyl structures in lignin were etheri-
[7] and cleavage of th@-O-4 bond in arylglycerop-aryl fied bya andp carbons of an other phenylpropane unitto give
ethers[8]. Phenoxy radicals are oxidized in colored com- an eight-member ring, dibenzodioxogit8—20] This struc-
ture is an important element of the polymer netw{2R];
it is considered as main branching point in lignins. Diben-
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Scheme 1. Formulae of compounds involved in the study.

chemical pulping and bleachinigl1,22] Very recently23],

we described a photochemical study of compolyras model

of non-phenolic dibenzodioxocin structure in lignin, because
the presence of both photoreactiweO-4 [24] and 3-O-4

[9] linkages in the molecule should bring a high sensitiv-
ity to UV-light. It was shown that the photochemical con-

version of compound was very efficient g = 0.37), and

recorded on a Shimadzu UV-2501PC spectrometer. Separa-
tion of photoproducts was obtained using analytical TLC
(Fluka silica gel Bsg4, thickness 0.2mm and Macherey-
Nagel ALUGRAM RP-18W/U\4s54, thickness 0.15 mm) and
preparative TLC (Macherey-Nagel SIL G-200 bhy, thick-
ness 2.00 mm).

Photoproducts were analyzed by mass spectrometry us-

analysis of the photoproducts indicated that the first step of ing a VG Micromass AutoSpec Q under electronic ioniza-

the reaction started cleaving theO-4 bond, followed ei-

tion (EI 70eV) or liquid secondary ion mass spectrometry

ther byB-0-4 cleavage or formation of rearranged products. (LSIMS, Cs™ beam energy: 35 keV, matrir-nitrobenzylic

The color observed after irradiation, was found to be due to alcohol, NBA) and a Thermo Electron LCQ Advantage ap-

condensation of biphenyl-oxidized products (quinone type). paratus (ion trap) using electrospray ionization in positive

A mechanism was proposed, based on separation and idenfESI+) or negative (ESt) mode. With the ESI technique,

tification of the photoproducts. Considering the reactivity of ions can be selected and fragmented by collision induced

1, it might be concluded that non-phenolic dibenzodioxocins dissociation (CID) into their daughter ions.

are important chromophores for the photodegradation of lig-  Fluorescence spectra were recorded with a Hitachi F4500

nocellulosic materials. apparatus at room temperature26°C). The slits on the
The presence of a phenol substituent in dibenzodiox- excitation and emission beams were fixed at 2.5nm. The

ocin unit might induce photochemical formation of quinone- emission spectra were corrected for instrumental response.

methide structur§25] and change the general photochemi- The fluorescence quantum yields were determined using

cal behavior of dibenzodioxocins. We report herein a photo- biphenylbiphenol, as standard23], concentrations being

chemical study of a phenolic dibenzodioxocin lignin mo2lel  adjusted at about T8 mol L1,

(Scheme 1 Its photoreactivity in dilute solution, monitored

by UV-vis absorption and fluorescence emission spectro-5 5 v/irradiations

scopies, was studied by reference to the phenolic biphenyl

derivatives3 and4. A number of products, obtained by irra- The photodegradation of compountis4 using analyti-

diation of compoun@ in more concentrated solutions, were ¢4 conditions (ethanol, concentratieri0~4 mol L=1), was

then identified. monitored by UV-vis absorption spectroscopy or fluores-

cence emission, ina 10 mm quartz cell, at different times. The
irradiations were performed at 285 nm, using the excitation
part of the fluorimeter (slit fixed at 10 nm). The irradiation
setup used for preparative condition is described in reference
[23]. A solution of compoun® (50 mg) in absolute non-
degassed ethanol (50mL) (concentration 230l L~1)
was irradiated for 3 h. After solvent removal under low pres-
sure, the residue was diluted with methylene chloride and
synthesis or for spectroscopy) were obtained from Aldrich separated by column chromatography. A first fraction (40 mg)
and used without further purificatiodlH NMR spectra was obtained by elution with Gi€Cl,/MeOH mixture (95/5
recorded for the quantum yield measurements were obtainedv/v)) and a second one (15 mg) by elution with methanol.
using a Bruker AC300 Fourier transform spectrometer (sol- The second fraction corresponds to colored oligomeric ma-
vent: CD;0D). UV/Vis spectra versus irradiation time were terial, already observed after irradiation of the non-phenolic

2. Experimental
2.1. General

The syntheses of compoun®si have been previously re-
ported[23]. Materials and solvents of appropriate grade (for
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Fig. 1. Fluorescence emission spectra of biphenyl compo2n@land4 in non-degassed ethanol (concentratiaghD—> mol L1, Lexc: 285 M, fexc: 2.5 nm,
fem: 2.5 nm, temperatures25°C).

dibenzodioxocirl [23]. The first column fraction was sepa- to the non-assigned long wavelength emission in lignins
rated inthree parts by preparative TLC. Each fraction presents(>480 nm).

one single spot in analytical TLC (silica gel plates; diethyl The fluorescence emission spectra for compo@ngisand
ether/petroleum ether 6/4 (v/v)). TH& and the weight of 4 were comparatively measured in dilute ethanol solutions
each part were respectively: 0.46X0 mg), 0.36 £20 mg) (Fig. 1) and their fluorescence quantum vyields determined
and 0.26 £10mg). Attempt to use {3 TLC plates for sepa-  similarly as for compound [23]. The fluorescence quantum
ration of the photoproducts was not conclusive, due to similar yields and maximum emission wavelengths are reported in
elution profile R's between 0.79 and 0.84, acetonitrilgf Table 1

9/1 (v/v)). The isolated photoproducts were extracted from  The molecular interpretation given for the non-phenolic
silica gel using methanol, then the solutions were filtered dibenzodioxocin modél [23] (vide infra) applies to the phe-
with Millipore 13 mm Millex-LCR units (0.45.m), before nolic derivative2. In comparison to biphenylbiphend) the

analysis by mass spectrometry. behavior of compoun@ was similar to compound: hyp-

The disappearance quantum yield of compo@rnd ds- sochromic shift of the emission and decrease of the emission
methanol solution was determined using a procedure de-quantum yield. The emission quantum yield of compound
scribed for compound [23]. 1 in non-degassed methanol was found to be 0.08, which is

in the same order of magnitude than for compo@nthis
appears to be a characteristic of thedibenzodioxocin unit.

3. Results and discussion 3.2. Photochemistry

3.1. Fluorescence emission 3.2.1. Analytical conditions

It was previously reported that some lignin models, in di-
lute solution under UV irradiation, gave yellow compounds
[31], including the non-phenolic dibenzodioxocin model
[23]. It was generally observed that the phenolic models were

rescence of lignocellulosics should be mainly due to cellu- the most sensitivis]. The absorption and fluorescence spec
lose, the lignin polymer acting as an inner filter. By contrast, ) : . S i
ghin poly 9 y tra of compound®, 3 and4, irradiated at 285 nm in dilute

Castellan’s group proposed that structures such as biphenyl,
coniferyl alcohol, phenylcoumarone and other stilbene el-

ements (present in lignin polymer), should be responsible Table 1

for the emission at about 400 nfa7—29] in accordance Fluorescence quantum yields_ of bié)henyl_clompouﬁ,dB and4 in non-
with Lundquist's studieg30]. It was found[23] that fluo- ~ 4e9assed ethandl (conceniratioh™=molL ) and wavelength of max
rescence emission dfwas at shorter wavelength (345 nm)

than the emission of the corresponding biphenylbiphdnol
(380 nm). This observation was correlated with the conjuga- 2 0.053 345
tion between the phenyl rings of the biphenyl chromophore. ?1 8'235 gsg’
It was concluded that dibenzodioxocins did not contribute '

In a previous studf23], we discussed the origin of the flu-
orescence of lignocellulosic materials, which remains quite
controversial. Olmstead and Grg36] proposed that fluo-

Biphenyl compounds s Amaxem(NM)
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Fig. 2. Absorption spectra of compouidafter irradiation at 285 nm in non-degassed ethanol solution (concentrafion® mol L—2, path length: 1 cm,
temperaturex25°C) for 0, 30, 90, 150, 210, 280 and 390 min.

non-degassed ethanet{0~* mol L~1) (seeSection 3 have phenolic modell (0.37 inds-benzene). The high reactive
been recorded for various irradiation periods. Ethanol was quantum yield of compountiwas explained by an efficient
selected to mimic carbohydrate fibers. The solutions were a-O-4 bond cleavage in the first step of the photochemical
non-degassed, because the presence of an easily oxidizablerocess, followed bg-O-4 bond cleavage. The presence of
pheno”c group in Compounﬁ m|ght increase its reactivity a phenolic group in the dibenzodioxocin molecule adds com-
by comparison to the non-phenolic compoun@he UV/Vis petitive deactivation pathways to photoreactive states. The
absorption curves of irradiated compouhwere not greatly ~ lower fluorescence quantum yield, observed for compdund
changed by degassing the solutions. The absorption spectrd0.053) by reference to compoudd0.08 in non-degassed

of compound®, 3and4, in non-degassed ethanol, after irra- Methanol), supports this hypothesis.

diation at 285 nm for different periods of time, are presented ~ The fluorescence spectra evolution of irradiated solutions

in Figs. 2—4 of compound4 (Fig. 5) is in accordance with the low reac-
Comparison ofigs. 2—4indicates that the photoreactiv- tivity of the compound. Some quinonoid derivatives, which
ity is in the order: phenolic dibenzodioxocth> biphenyl are formed by irradiation, might quench the bipheny! fluo-

with B-O-4 elemenB > tetramethoxybiphenyd, the latter ~ rescence and decrease the fluorescence intgB&ityFig. 6
being almost non-reactive. Disappearance quantum yield ofshows that the fluorescence intensity decrease is more im-
phenolic dibenzodioxoci in ds-methanol was measured portant for compound; oxidation of the benzylic alcohol

to be 0.015, indicating a low photochemical efficiency. This Part, givinga-carbonylB-O-4 structural element, might in-
value is very different from the one measured for the non- crease the quenching of the phenolic biphenyl fluorescence.
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Fig. 3. Absorption spectra of compougdafter irradiation at 285 nm in non-degassed ethanol solution (concentrafion® mol L=2, path length: 1 cm,
temperaturex25°C) for 0, 30, 90, 150, 210, 290 and 410 min.
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Fig. 4. Absorption spectra of compouddafter irradiation at 285nm in non-degassed ethanol solution (concentrafion® mol L=2, path length: 1 cm,
temperaturex25°C) for 0, 90, 150, 210, and 280 min.

The curves inFig. 7 display a rapid decrease of the fluo- Cy1H2504 (—0.9 ppm). The low resolution mass spectrum of
rescence intensity, followed by a bathochromic shift of the the photoproduct, using electronic ionization (EI) and direct
wavelength maxima to 360 nm. This value is indicative of introduction, displays main peaks mz 538 (M, 20%),

the formation of a monophenolic biphenyl structural element 329 (88%) and 209 (100%). It can be observed that the sum
such as molecul8. This will be confirmed by structural de-  of themy/zvalues 329 (gH210s) and 209 (G,H1703) gives

termination of some photoproducts. the molecular mass of the product. Its positive electrospray
ionization mass spectrum ESI(+) shows two main peaks at
3.2.2. Preparative conditions m/z 1099 and 561 attributed, respectively, to the cationized

The preparative conditions are described in the experi- 10ns M + M + Na)" and M + Na)"; M is the molecular
mental section. The three fractions obtained by preparativefragment with a mass of 538 Da. Collision induced dissoci-
thin layer chromatography (TLC) were analyzed by mass ation (CID) analysis of the ion atvz 561 leads to two main
spectrometry. The first fractiorR( = 0.46) is composed of ~ fragments am'z352 and 209; the former correspondsrtéz
one major product and minute amounts of compouhasd 329 + Na). The same fragments were already obtained by
4. Analysis of the product by high-resolution liquid sec- Elmass analysis of the product (vide infra). Its ES)nass
ondary ion mass spectrometry (HRLSIMS) reveals a peak SPectrum implies direct loss of _46 amu, corresponding to the
at’539.26628 amu (relative intensity, 38%), corresponding to Presence of an ethanol group in the molecule. All the mass
(M + H)* ion and to the formula §HsgOg (—3.3 ppm). spectrometry data obtained for the product are in accordance

The base peak at 341.17560, is consistent with the formulaWith structures (Fig. 8). Itis assumed that the hydroxyethyl
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Fig. 5. Fluorescence spectra of compounalter irradiation at 285 nm in non-degassed ethanol solution (concentratior® mol L=1, deye: 285 nm, fexc:
2.5nm,fem: 2.5 nm, temperature25°C) for 0, 30, 90, 160 and 220 min.
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Fig. 6. Fluorescence spectra of compotalfter irradiation at 285 nm in non-

2.5nm,fem: 2.5 nm, temperatures25°C) for 0, 30, 90, 150, 210 and 290 min.

degassed ethanol solution (concentrati®r® mol L1, Aexc: 285 NM, fexc:

fragment is substituted at carbon number 1, instead of carbon

number 2. It corresponds to the most stable radical formed
from ethanol by hydrogen abstraction.

The second fractionR: = 0.36) consists of the starting
phenolic dibenzodioxocif. It displays the same low resolu-
tion EI mass spectrum (molecular pemlkz 478 (100%)) as
an authentic dibenzodioxocthsample.

Analysis of the third fractionRs = 0.26) by mass spec-
trometry indicates that it is essentially composed of com-
pound4 and minute amounts of other products. This fraction
displays similar low resolution El mass spectrum (molecular
peakm/z 330) as an authentic biphenylbipherbsample.
The same conclusion is obtained from ESI mass analysis.

A special attention was given to the mass spectrum of the
phenolic dibenzodioxoci because the fragmentation pat-

MeO I I OMe

HC O Q
G 0
OH

OMe
OH

Fig. 8. Structure of compourglidentified by mass spectrometry.

pound2 led to a molecular mass of 478.23561 instead of

tern observed by El mass spectrometry very often involves 478.23554 0.2 ppm), for GgH340s. Two smaller peaks
similar mechanisms than those found after photochemical were observed atvz 341 (34%) and 299 (22%). The ex-
excitation. The HREI mass spectrometry analyses of com- act mass ofrVz 341 (341.17534) is in good agreement with
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Fig. 7. Fluorescence spectra of compounalter irradiation at 285 nm in non-degassed ethanol solution (concentrati®r® mol L=1, deye: 285 nm, fexc:

2.5nm,fem: 2.5 nm, temperature25°C) for 0, 90, 150, 210, 280 and 390 min.
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Fig. 9. Mass fragmentation pattern of compond

the formula G1H2504 (—0.2 ppm). No study was made for

asa-carbonyl do in phenacyl-aryl ethefg]. This cleavage

the second ion. The ESI(+) mass spectrum of the dibenzo-gives phenoxy radical on the biphenyl part of the molecule

dioxocin 2 showed two main ions at/z 979 and 479, cor-

in addition to an other radical, which might be written as

responding to the formation of respectively, the cationized a styrene-phenoxy radical. The two radicals might condense

dimer M + M + Na)™ and the protonated on®(+ H)™ (M

= 478). The CID technique shows that timéz 479 ion gave
the daughter iomvz 341. High resolution measurement (El)
indicates that there is a loss of gy O, radical between the
molecular ion 1+ 478) and the ion at/z 341. A similar

into unidentified oligomers or, for the biphenyl-phenoxy radi-
cal, to be converted into compou#dy hydrogen abstraction
from an ethanol molecule or a phenolic group.

A possible pathway to give compouridis reported in
Fig. 10 The biphenyl monophenol, obtained by addition of

observation was made in the mass spectrum of non-phenolicethanol on the QM, might be oxidized into a phenoxy radi-

dibenzodioxocirl, already describe@3]. A mechanism for
the formation of the ionm/z 341 is proposed ifrig. 9. The

cal. The latter might react with an ethanol ketyl-type radical,
probably formed by photooxidation of the solvdB8,34]

same ion was also observed in the spectrum of compoundOxidation of the benzylic hydrogen of the adduct might form

6 (vide infra) and in many products described by Brunow’s
group[20]. This observation supports our conclusion on the
structure of compouné.

A hypothetical scheme for the formation of photoprod-
uct4, 6 and oligomers is proposed Fig. 10 The first step
of the photodegradation of dibenzodioxo@iiis an ionica-
0-4 cleavage, giving a quinone-methide. Similar formation

of quinone methide (QM) was already observed by Leary

[25] by laser flash photolysis on coniferyl alcohol. The QM

might undergo ground state nucleophilic attack by ethanol.

Quinone-methide might also indugeO-4 bond cleavage,

the corresponding hydroperoxide, which is converted into the
aromatic keton®, after elimination of ethyl hydroperoxide.
The low reactive photoefficiency of phenolic dibenzodiox-
ocinis probably due to the reversible formation of QM, which
might undergo nucleophilic attack by the phenolic group of
the biphenyl at thex-carbon, giving back the dibenzodiox-
ocin molecule2.
The fraction isolated with pure methanol (sgection 2
is composed of a mixture of not well-defined compounds,
likely formed from biphenylbiphenal[23] and/or a quinone
methide radicalFig. 10).
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Fig. 10. Hypothetical formation pathways of compoudd8 and oligomers after photoirradiation of phenolic dibenzodioxocin moleZinethanol solution.

4. Conclusion the DBDO framework leads to an important decrease of the
photodegradation efficiency(~ 0.015). Mass spectrome-
We have shown very recentlf23] that non-phenolic  try analysis of the photoproducts suggests that reversible for-
dibenzodioxocins (DBDO), which are considered as main mation of intermediate quinone-methide might account for
branching element of the lignin polymer, are very efficiently this decrease. Due to the low proportion of phenol in lignins
photodegraded by UV-lighig¢ > 0.3) by successive cleav- (0.1/C9 of lignin polymel[35]), dibenzodioxocin elements
age ofa-O-4 andB-0O-4 bonds. This process gives colored in lignocellulosics are probably etherified in large propor-
oligomers and likely a decrease of the branching structural tion and should be considered as important contributors to
network. The presence of a phenolic group on thgart of the photoreactivity of these materials. Studies on the patrtici-
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pation of dibenzodioxocins to lignocellulosic photoreactivity [12] U.P. Agarwal, J. Wood Chem. Technol. 18 (1998) 381-402.

are under way. [13] S. Bearnais-Barbry, R. Bonneau, A. Castellan, J. Phys. Chem. A 103
(1999) 11136-11144.

[14] S. Bearnais-Barbry, R. Bonneau, A. Castellan, Photochem. Photobiol.
74 (2001) 542-548.

[15] B. Ruffin, S. Grelier, A. Nourmamode, A. Castellan, Can. J. Chem.
80 (2002) 1223-1231.
The authors are grateful to CAPES/COFECUB (Project [16] B. Ruffin, A. Castellan, S. Grelier, A. Nourmamode, S. Riela, V.

422/03) for traveling missions between Brazil and France. Trichet, J. Appl. Polym. Sci. 69 (1998) 2517-2531.

WH is very grateful to Conseil &jional de la Runion  [17] B- Ruffin, A Castellan, Can. J. Chem. 78 (2000) 73-83.

. , [18] P. Karhunen, P. Rummakko, J. Sipila, G. Brunow, Tetrahedron Lett.
(France) and to Fonds Social Euggm (FSE) for a doctoral 36 (1995) 169-170.

grant. AC is very indebted to ConseiEBional d’Aquitaine [19] P. Karhunen, P. Rummakko, J. Sipila, G. Brunow, I. Kilpelainen,

Acknowledgements

for its financial contribution for the mass spectrometer equip- Tetrahedron Lett. 36 (1995) 4501-4504.
ment, very useful for photoproduct structure determination. [20] P. Karhunen, P. Rummakko, A. Pajunen, G. Brunow, J. Chem. Soc.,
RR thanks CAPES for financial support. Perkin Trans. 1 (1996) 2303-2308.

[21] L.G. Akim, J.L. Colodette, D.S. Argyropoulos, Can. J. Chem. 79
(2001) 201-210.
[22] D.S. Argyropoulos, J. Pulp Pap. Sci. 29 (2003) 308-312.

References [23] C. Gardrat, R. Ruggiero, W. Hoareau, A. Nourmamode, S. Grelier,
B. Siegmund, A. Castellan, J. Photochem. Photobiol. A: Photochem.
[1] D.N.S. Hon, in: D.N.S. Hon, N. Shiraishi (Eds.), Wood and Cellu- 167 (2004) 111-120.
losic Chemistry, Marcel Decker, New York, 1991, pp. 525-555. [24] A. Castellan, C. Vanucci, H. Bouas-Laurent, Holzforschung 41
[2] C. Heitner, in: C. Heitner, J.C. Scaiano (Eds.), Photochemistry of (1987) 231-238.
Lignocellulosic Materials, ACS Symposium Series, vol. 531, 1993, [25] G. Leary, J. Chem. Soc. D: Chem. Commun. (1971) 688-689.
pp. 1-25. [26] J.A. Olmstead, D.G. Gray, J. Pulp Pap. Sci. 23 (1997) J571-J581.
[3] R.S. Davidson, J. Photochem. Photobiol. B: Biol. 33 (1996) 3-25. [27] A. Castellan, R.S. Davidson, J. Photochem. Photobiol. A: Chem. 78
[4] K.P. Kringstad, S.Y. Lin, Tappi 53 (1970) 2296-2301. (1994) 275-279.
[5] G. Brunow, M. Sivonen, Paperi Ja Puu 57 (1975) 215-216, 219-220. [28] A. Castellan, H. Choudhury, R.S. Davidson, S. Grelier, J. Photochem.
[6] A. Castellan, N. Colombo, A. Nourmamode, J.H. Zhu, D. Lachenal, Photobiol. A: Chem. 81 (1994) 117-122.
R.S. Davidson, L. Dunn, J. Wood Chem. Technol. 10 (1990) [29] A.E.H. Machado, D.E. Nicodem, R. Ruggiero, D. Da Silva Perez, A.
461-493. Castellan, J. Photochem. Photobiol. A: Chem. 138 (2001) 253-259.
[7] 3. Gierer, S.Y. Lin, Svensk Papperstidn 75 (1972) 233-239. [30] B. Albinsson, S. Li, K. Lundquist, R. Stomberg, J. Mol. Struct. 508
[8] J.C. Scaiano, J.C. Netto-Ferreira, V. Wintgens, J. Photochem. Pho- (1999) 19-27.
tobiol. A: Chem. 59 (1991) 265-268. [31] C. Jaeger, A. Nourmamode, A. Castellan, Holzforschung 47 (1993)
[9] D.S. Argyropoulos, in: D.S. Argyropoulos (Ed.), Advances in Ligno- 375-390.
cellulosics Characterization, Tappi Press, Atlanta, 1999, pp. 109-129. [32] A. Castellan, H. Choudhury, R.S. Davidson, S. Grelier, J. Photochem.
[10] A. Castellan, A. Nourmamode, C. Jaeger, |. Foasgkin: C. Heitner, Photobiol. A: Chem. 81 (1994) 123-130.
J.C. Scaiano (Eds.), Photochemistry of Lignocellulosic Materials, [33] R. Erra Balsells, A.R. Frasca, Tetrahedron 38 (1982) 245-255.
ACS Symposium Series, vol. 531, 1993, pp. 60-76. [34] R. Erra Balsells, A.R. Frasca, Tetrahedron 38 (1982) 2525-
[11] H. Lennholm, M. Rosenqvist, M. Ek, T. lversen, Nordic Pulp Paper 2538.

Res. J. 9 (1994) 10-15. [35] Y.Z. Lai, X.P. Guo, Wood Sci. Technol. 25 (1991) 467-472.



	Photochemical study of 4-(4,9-dimethoxy-2,11-n-dipropyl-6,7-dihydro-5,8-dioxa-dibenzo[a,c]cycloocten-6-yl)-2-methoxyphenol, a lignin model of phenolic dibenzodioxocin unit
	Introduction
	Experimental
	General
	UV-irradiations

	Results and discussion
	Fluorescence emission
	Photochemistry
	Analytical conditions
	Preparative conditions


	Conclusion
	Acknowledgements
	References


