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Although in the 2H-chromene (benzopyran)
series complexation with tricarbonylchromium,
under thermal conditions, is totally regioselec-
tive, in the naphthopyran series the same
reaction cannot be observed. We show here that
with tricarbonyl(trispyridine)chromium as com-
plexing agent, in the presence of Lewis acid,
complexation of naphthopyrans can be achieved
and is totally regioselective. The complexes
formed are photochromic compounds, and their
thermal bleaching kinetic constants are reduced
as compared with the non-complexed homolo-
gous compound. Copyright# 2000 John Wiley
& Sons, Ltd.
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INTRODUCTION

2H-Chromenes and their derivatives are photo-
chromic compounds1 owing to their ability to
undergo a photo-induced reversible change of
color. Previously, we have shown that complexa-
tion of the ring of the basic framework with
tricarbonylchromium is totally regioselective under
thermal conditions.2 Complexation reduces the
thermal bleaching kinetic constant. For naphtho-
pyrans the complexes were not isolated even when
different complexing agents (Table 1) were used
with thermal activation. These complexes are

formed, but they are highly unstable. Indeed, with
the dimethyl compound, we have observed some
traces of complexed benzochromene, but during the
purification phase the complex was totally de-
graded.

In fact, because of the thermal conditions, a
thermochromic process occurs, leading to the open
forms of these complexes, whose stabilities are very
low because thep orbitals implicated in the
coordination with chromium are modified during
the ring-opening process.3

However, the electron-withdrawing properties of
the tricarbonylchromium entity, and the photo-
chromic properties of naphthopyrans, made it
interesting to study the photochromism of the
Z6-naphthopyran–tricarbonylchromium complex.

EXPERIMENTAL

All the reactions were performed under nitrogen
with degassed solvents in order to avoid decom-
position of the chromium complexes which are
known to be very sensitive to oxygen, especially in
solution. Infrared spectra were recorded on a
Perkin-Elmer 297 spectrometer in Nujol suspen-
sion.1H and13C NMR spectra were recorded on a
Bruker AC 250 spectrometer.

The spectrokinetic studies were realized using

Table 1 Reaction of 2-R'-2-R@-2H-benzo[5,6]
chromenes (R', R@ = Me and/or Ph) with different com-
plexing agents

Complexing agent T(°C) Yield (%)

Cr(CO)6 131 0
(NH3)3Cr(CO)3 100 0
Z6-NaphthaleneCr(CO)3 70 0
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thecontinuousirradiationtechniquedescribedin a
previouspaper.2

Preparation of starting chromenes

The 2H-benzochromeneswere preparedby con-
densationof the appropriatenaphthol with pro-
pargylic alcohol in presenceof p-toluenesulfonic
acid4 in methylenechloride at room temperature.
Anothermethodinvolved reactionof the naphthol
with titanium ethoxide [Ti(OEt)4] in refluxing
toluene.5 The titanium complex formed is then
reacted with acrolein derivatives in refluxing
toluene. All the compoundswere purified by
column chromatographyusing pentane–ethergra-
dientsaseluents.

Preparation of the complexes6

Tricarbonyl( h6-methoxybenzene)chromium
In a Stroheimerapparatus,under an inert atmos-
phere,6.16g of hexacarbonylchromiumwasadded
to 40g of methoxybenzenediluted into 120ml of
dibutyl ether/tetrahydrofuranmixture (10:2, v/v).
Thereactionmediumwasrefluxedfor 48h, filtered
on Celite, washed with diethyl ether and the
solvents were removed under reducedpressure,
the temperaturenot exceeding50°C. The yellow
crystalsobtainedwere washedquickly with cold
pentaneand dried under vacuum.The crystalline
productwaspureenoughto beusedwithout further
purification: m.p. 84°C. 1H NMR (acetone-d6):
� = 3.53(s,3H),4.89(s,1H),5.19(s,2H),5.59ppm
(s, 2H). 13C NMR (acetone-d6): � = 55.9 (q), 79.9
(d), 79.9(d), 87.1(d), 97.1(d), 97.1(d), 144.7(s),
234 (s), 234 (s), 234ppm(s).

Tricarbonyl(trispy ridine)chromium
In a 150-ml Schlencktubechargedwith 0.48g of
tricarbonyl(Z6-methoxybenzene)chromium,undera
nitrogen atmosphere,8 ml of nitrogen-saturated
pyridine was addedvia a cannula.The resulting
yellow solution was heated at 110°C for 3 h,
whereuponit turned dark red. The solution was
allowed to cool in an ice bath and cold nitrogen
saturateddiethyl etherwasaddeduntil redcrystals
appeared.Thesewere filtered off undernitrogen,
washedwith cold saturateddiethyl ether(3� 5 ml)
and dried undervacuum.Sincethis complexwas
unstableit was kept undera nitrogenatmosphere
anduseddirectly without purification in the same
flask.

Complexation of 2H-benzochromenes
To a 150-ml Schlenck tube containing freshly
prepared tricarbonyl(trispyridine)chromium, a
nitrogen-saturated solution of the chromene
(1.75mmol) in diethyl ether (10ml) was trans-
ferredvia acannula.Borontrifluoride–diethylether
(0.7ml, 5.6mmol) wasthenaddedto the reaction
mixture,which immediatelyturnedorange–yellow.
The reactionwasstirredfor 2 h andthennitrogen-
saturatedwater (15ml) was added.The aqueous
layer was extract with diethyl ether, dried on
magnesiumsulfateandconcentratedunderreduced
pressureto afford a solid, which was purified by
column chromatography(pentane–diethylether
mixture). All the complexes synthesizedgave
satisfactoryelementalanalysesor were character-
izedby oxidativedecomplexation(I2) andcompar-
isonwith theparent2H-benzochromenes.

RESULTS AND DISCUSSION

Complexation reactions

Resultsarereportedin Fig. 1 andTable2, andthe
productsaredescribedbelow.

Thepositionof thetricarbonylchromiummoiety
has been establishedby 1H and 13C NMR. For
compounds 1b, 2b and 3b position of the
tricarbonylchromiummoiety was verified by X-
ray crystallography.7–9

The low yieldscanbeexplainedby the fact that

Figure 1 Chromiumtricarbonyl complexationof 2H-benzo-
chromenes.R, R' and R@ are specifiedfor substrates1–6 and
products1b–6b in Table2.

Table 2 Complexationof various2H-benzochromenes
with tricarbonyl(trispyridine)chromium

Substrate Annelation,R R' R'' Yield (%) Product

1 [5,6]Benzo Me Me 25 1b
2 [5,6]Benzo Ph Me 23 2b
3 [5,6]Benzo Ph Ph 26 3b
4 [7,8]Benzo Me Me 24 4b
5 [7,8]Benzo Ph Me 23 5b
6 [7,8]Benzo Ph Ph 26 6b
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the complexingagenthad to be synthesizedand
usedwithout isolationandthusits purity couldnot
be checked.In fact the yields indicatedin Table2
correspondto the conversionratio, as all of the
uncomplexedchromenecanbe totally recovered.

We observed that the reaction was totally
regioselective,and contrary to results observed
under thermal activation, complexationoccurred
exclusively on the aromatic ring adjacentto the
chromenemoiety.This factcanbeexplainedby the
mechanismproposedin fig. 2.

The Lewis acid stabilizes the open form and
displacesthe equilibrium in favor of the open
forms. This phenomenonhas been verified by
comparisonof the13C NMR spectraof compound1
with andwithout borontrifluoride. In the presence
of the Lewis acid, a peak appearsat 134ppm
correspondingto ansp2-hybridizedC-2 in theopen
form. Thus, the complexationreactionis automa-
tically directedonto thebenzocondensedring.

Tricarbonyl(2,2-dimethyl- 2H-ZZ6-
benzo[5,6]chromene)chromium (1b)
M.p.: decompositionat 137°C. IR (Nujol): 1940,
1880cmÿ1 (nCO). 1H NMR: (acetone-d6) � = 1.40
(s, 3H), 1.41 (s, 3H), 5.28 (dd, J = 6.39, 6.32Hz,
1H), 5.55 (dd, J = 6.61, 6.33Hz, 1H), 5.65 (d,
J = 9.99Hz, 1H), 6.06 (dd, J = 6.61,6.29Hz, 2H),
6.65(d, J = 9.97Hz, 1H), 6.90(d, J = 9.08Hz, 1H),
7.31ppm(d, J = 9.08Hz, 1H). 13C NMR (acetone-
d6): � = 27.4 (q), 28.0 (q), 77.2 (s), 84.0 (d), 90.2
(d), 93.0(d), 93.4(d), 99.3(s),106.5(s),112.6(s),
116.9(d), 122.5(d), 130.3(d), 131.0(d), 153.3(d),
236 (s), 236 (s), 236ppm(s).

Tricarbonyl(2-methyl-2-phenyl-2H-ZZ6-
benzo[5,6]chromene)chromium (2b)
M.p.: decompositionat139.5°C. IR (CHCl3) 1970,
1905cmÿ1 (nCO). 1H NMR: (CDCl3): � = 1.76 (s,

3H), 5.28(m, 1H), 5.50(m, 1H), 6.02(m, 2H), 6.81
(d, J = 9.95Hz, 1H), 7.01(d, J = 9.08Hz, 1H), 7.21
(m, 5H), 7.43ppm (d, J = 7.1Hz, 2H). 13C NMR
(CDCl3): � = 29.0 (q), 79.8 (s), 84.2 (d), 90.4 (d),
92.9 (d), 93.2 (d), 99.7 (s), 105.8 (s), 113.1 (s),
117.5(d), 122.2(d), 125.3(d), 125.3(d), 127.8(d),
128.5(d), 128.5(d), 129.3(d), 137.3(d), 145.3(s),
153.1(s), 231 (s), 231 (s), 231ppm(s).

Tricarbonyl(2,2-diphenyl-2H-ZZ6-
benzo[5,6]chromene)chromium (3b)
M.p.: degradationat 141°C. IR (Nujol) 1960,
1870cmÿ1 (nCO). 1H NMR: (CDCl3): � = 5.26(dd,
J = 6.15,6.23Hz, 1H), 5.48(dd, J = 6.10,5.98Hz,
1H), 5.97(d, J = 6.63Hz, 1H), 6.07(d, J = 6.87Hz,
1H), 6.17(t, J = 10.0Hz, 2H), 6.96(d, J = 10.0Hz,
1H), 7.02 (d, J = 9.1Hz, 1H), 7.24 (m, 7H), 7.60
(m, 2H), 7.87ppm (d, J = 8.34Hz, 1H). 13C NMR
(CDCl3): � = 83.4 (s), 83.8 (d), 90.2 (d), 92.3 (d),
92.8 (d), 99.6 (s), 105.4 (s), 113.1 (s), 117.7 (d),
118.3(???.?),119.5(d), 121.3(d), 122.0(d), 123.6
(d), 126.8(d), 127.0(d), 127.1(d), 127.7(d), 128.2
(d), 128.3(d), 129.8(d), 131.3(d), 143.9(s),144.8
(s), 153.2(s), 216 (s), 216 (s), 216ppm(s).

Tricarbonyl(2,2-dimethyl- 2H-ZZ6-
benzo[7,8]chromene)chromium (4b)
M.p.: decompositionat 131°C. IR (Nujol) 1940,
1880cmÿ1 (nCO). 1H NMR: (CDCl3): � = 1.50 (s,
6H), 5.26(s, 1H), 5.61(m, 2H), 6.10(s, 1H), 6.48
(d, J = 9.8Hz, 1H), 6.62(s, 1H), 7.3ppm(m, 2H).
13CNMR (CDCl3): � = 27.8(q), 28.3(q), 77.5(s),
83.2(d), 90.7(d), 93.1(d), 93.7(d), 99.8(s),105.8
(s),115.7(s),122.2(d), 124.7(d), 128.2(d), 129.9
(d), 149.7(s), 231 (s), 231 (s), 231ppm(s).

Tricarbonyl(2-methyl-2-phenyl-2H-ZZ6-
benzo[7,8]chromene)chromium (5b)
M.p.: decompositionat 134°C. IR (CHCl3) 1970,
1905cmÿ1 (nCO). 1H NMR (CDCl3): � = 1.93 (s,
3H), 5.32(s, 1H), 5.60(s, 1H), 6.12(m, 3H), 6.70
(d, J = 9.7Hz, 1H), 7.31(d, J = 8 Hz, 1H), 7.45(m,
5H), 8.65ppm(d, J = 8.2Hz, 1H).

Tricarbonyl(2,2-diphenyl-2H-ZZ6-
benzo[7,8]chromene)chromium (6b)
M.p.: decompositionat 141°C. IR (CHCl3) 1970,
1885cmÿ1 (nCO). 1H NMR: (CDCl3): � = 5.21 (s,
1H), 5.52(S,1H), 6.03(S,2H), 6.15(d, J = 9.7Hz,
1H), 6.70(d, J = 9.8Hz, 1H), 7.12(d, J = 8.12Hz,
1H), 7.40(m, 10H), 8.30ppm(d, J = 7.8Hz, 1H).

Figure 2 Mechanism proposed for the complexation of
benzochromeneswith tricarbonyl(trispyridine)chromium.
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Spectrokinetic studies of
complexes

The photochromismis explainedby the formation
under irradiation, of some ring-opened forms
differing from eachother in the unsaturatedchain
configuration(Fig. 3)

During thering closure,eachopenedform hasa
particular closurekinetic rate constant,and with
availabletechnology,someof themaresofast that
theyarenot detectable.

Theresultsof our studiesarereportedin Table3
and were obtainedusing acetonitrile as solvent.
When toluene or ethanol was used, fast decom-
positionof thecomplexeswasobserved.

Depending on the structure of the substrate,
either one or two rate constantscould be deter-
mined. It must be notedthat underthe conditions
we used,very fast thermalbleachingrateconstants
could not be calculated. Experimentally, we
observedthat the complexationdid not induce a

significant shift in the absorptionwavelengthof
the ring-openedform in any of the threesolvents
used. The positive solvatochromism observed
indicatedthat the openforms were in a quinonic
stabilizedform, as observedfor the uncomplexed
chromenes.

For complexes2b, 3b and 4b the first rate
constantswereidenticalto thosedeterminedfor the
uncomplexedforms.This may reflect the fact that
somedecomplexationoccurredvery rapidly under
irradiation,andthat the observedkinetic constants
were in fact those for theseuncomplexedchro-
menes.This wasno longer the case,however,for
the secondrate constants,which indicated that
thermalbleachingwasvery slow. It mustbenoted
that a photostationary statecould not be observed
experimentallyin our conditionsfor this type of
compound.

For compound6 and 6b we observedthat the
thermal bleaching rate constant was very low.
Complexationdid not induceany modification to
the absorptionwavelength.However,we observed
that, under irradiation, complex 6b exhibited a
muchmoreintensecolorationthanthehomologous
compound6.

Thedifferencesobservedfor thenon-complexed
compoundsbetweenthe[5,6]chromeneseries(1, 2
and 3) and the [7,8]chromeneseries(4, 5 and 6)
were still presentafter complexation(1b, 2b, 3b
and4b, 5b, 6b).

When the kinetic parametersof the complexed
forms are comparedwith those describedpre-
viously for tricarbonylchromiumchromenesit can
benotedthat,in all cases,complexationinducesthe
sametype of effect, i.e. a decreasein the thermal
bleachingrateconstant.

Table 3 Spectrokineticstudiesof complexesin acetonitrile

Compound Absorptionrange(nm) Rateconstants(sÿ1)

1 380–460 3.5 5� 10ÿ4

1b 380–460 2� 10ÿ4

2 380–500 0.16 4� 10ÿ4

2b 380–470 8� 10ÿ4

3 360–520 5.6� 10ÿ2 1.1� 10ÿ3

3b 370–470 7� 10ÿ2 1� 10ÿ3

4 470–535 1.6� 10ÿ2 1� 10ÿ3

4b 370–520 1.6� 10ÿ2 7� 10ÿ4

5 370–570 7.8� 10ÿ3 1� 10ÿ3

5b 370–540 1.1� 10ÿ2 1� 10ÿ4

6 370–600 5� 10ÿ4

6b 370–575 5� 10ÿ4

Figure 3 UV-induced ring-opening of 2H-chromenesinto
cisoid andtransoidforms.
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CONCLUSION

We havefound a totally regioselectivemethodfor
benzochromenecomplexationwith thetricarbonyl-
chromium moiety. The complexationof different
2H-benzochromenesby chromium tricarbonyl on
the benzoring doesnot inducethe appearanceof
any important modificationsof the photochromic
propertiesof thesecompounds.Themaineffect is,
asobservedfor complexedchromenes,a stabiliza-
tion of thering-openedform(s)dueto adecreasein
the ring-closurerateconstant.
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