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The regioselectivity of the complexation of
chromenes with tricarbonyl(trispyridine)chro-
mium [Cr(CO) 3Py3] can be controlled by the
addition of BF3�Et2O boron trifluoride etherate.
Depending on the molar ratio of the Lewis acid,
different complexes can be prepared. The
spectrokinetic properties of the so-formed com-
plexes were studied and it was shown that the
thermal bleaching constants are either more or
less reduced, depending on the position of
the chromium tricarbonyl moiety. Copyright
# 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

2H-Chromenes and benzochromenes1 are known as
photochromic compounds. Under UV irradiation,
cleavage of the C—O bond leads to coloured open
forms (Fig. 1), which can cyclize back to the closed
form when irradiation is stopped. In previous
studies we have shown that the complexation of
these compounds with a chromium tricarbonyl
moiety on the A, B or B' aromatic ring stabilizes the
open forms and thus reduces the thermal bleaching
kinetic constant (Eqn [1]).2,3

In this work we present regioselective syntheses
of the same type of substrates in which the
chromium tricarbonyl group is located on the C or
D rings (Fig. 1). Their photochromic properties are
also described.

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. All the complexes

Figure 1 General structures of the chromenes used in this
work.
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were characterizedby oxidative decomplexation
(I2) and by comparisonwith the known parent
chromenes.Thepositionof thechromiumcarbonyl
moiety wasdeterminedby 1H and13C NMR

Spectrokineticstudieshavebeenrealizedusing
the methoddescribedpreviously.2 Dependingon
the substrate,one or two bleachingkinetic con-
stantscould be determined.This reflectsthe fact
that the open forms can exist under different
relative configurations (cis,cis,cis; cis,trans,cis;
cis,trans,trans,etc.), whose back-closurekinetics
aredifferent. It mustnotedthat thecis,cis,cisform
might be trapped by complexation with iron
tricarbonyl but we did not tried to do it as it is
knownthat this form is a very minor one.

All the startingchromeneswerepreparedusing
classicalmethods.4,5

Preparation of the different
complexes

Tricarbonyl(Z6-methoxybenzene)chromium and
tricarbonyl(trispyridine)chromium were prepared
accordingto the literature.6

Complexation of 2H-chromenes
To a 150ml Schlencktubecontainingfreshly pre-
pared tricarbonyl(trispyridine)chromium, a nitro-
gen-saturatedsolutionof chromene(1.75mmol) in
diethyl ether(10ml) wastransferredvia a cannula.
Boron trifluoride etherate (BF3�Et2O) was then
added to the reaction mixture, which turned
immediately orange–yellow.After 2 h, nitrogen-
saturatedwater (15ml) was addedto the reaction
medium,which was extractedwith diethyl ether.
The organic phaseswere dried over MgSO4 and

concentratedunder reduced pressure to afford
a solid which waspurified by columnchromatog-
raphy (pentane–diethylether mixture). All the
complexessynthesizedgavesatisfactoryelemental
analysisor werecharacterizedby oxidativedecom-
plexation (I2) and comparison with the parent
2H-chromenes.The results of the synthesesare
reported in Table 1, and Eqn [2] depicts the
reactionsandtypesof complexesobtained.

Tricarbonyl(3,3-dimethyl- 3H-pyrano[3,2-a]-h6-
carbazole)chromium(1C)
M.p. 135°C (dec.).IR (CHCl3, cmÿ1); 1970,1905
(n CO). 1H NMR (CDCl3, ppm); � = 1.38 (s, 6H);
5.42 (s, 1H); 5.63 (m, 2H); 5.92 (s, 1H); 6.02 (s,
1H); 6.51(d,J = 8.0Hz,1H); 7.08(m, 2H); 7.32(d,
J = 8.0Hz, 1H); 7.65 (d, J = 8.4Hz, 1H); 7.83 (d,
J = 7.8Hz, 1H); 10.30 (s, 1H). 13C NMR
(CDCl3, ppm); � = 27.34 (q); 27.35 (q); 73.2 (d);
76.6(s); 84.8(d); 86.2(s); 86.4(d); 88.8(d).

Tricarbonyl(3-methyl-3-phenyl-3H-pyrano[3,2-
a]-h6-carbazole)chromium (2C)
M.p. 147°C (dec.).IR (CHCl3, cmÿ1); 1955,1880

Table 1 Yields of thedifferent complexessynthesized

Entry Substrate R R' R@
BF3

(equiv.) Yield (%) Product

1 1 [5,6-b]Indolo Me Me 3 17 1C
2 2 [5,6-b]Indolo Ph Me 3 22 2C
3 2 [5,6-b]Indolo Ph Me 5 19 2D
4 3 [5,6-b]Indolo Ph Ph 3 21 3C
5 3 [5,6-b]Indolo Ph Ph 5 20 3D
6 4 [3,2-f ]Benzofurano Ph Ph 3 0
7 5 [2,3-g]Benzofurano Ph Ph 3 0
8 4 [3,2-f ]Benzofurano Ph Ph 5 15 4D
9 5 [2,3-g]Benzofurano Ph Ph 5 14 5D

10 6 6-Phenyl Ph Me 3 23 6C
11 7 H Ph Ph 3 22 7D
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(n CO). 1H NMR (CDCl3, ppm); � = 1.65 (s, 3H);
5.41(s,1H); 5.60(s,1H); 5.87(s,2H); 6.02(s,1H);
6.67(m, 2H); 7.17(m, 3H); 7.71(m, 3H); 10.10(s,
1H).

Tricarbonyl(3,3-diphenyl-3H-pyrano[3,2-a]-h6-
carbazole)chromium(3C)
M.p. 205°C (dec.).IR. (CHCl3, cmÿ1); 1955,1880
(n CO). 1H NMR (CDCl3, ppm); � = 5.43 (s, 1H);
5.64 (s, 1H); 5.85 (s, 1H); 6.00 (s, 1H); 6.38 (d,
J = 9 Hz, 1H); 6.60(d, J = 9 Hz, 1H); 7.01(m, 2H);
7.46(m, 6H); 7.63(s, 2H); 7.97(m, 1H); 10.05(s,
1H). 13C NMR (CDCl3, ppm); � = 61.3 (d); 74.5
(d); 78.7 (s); 85.0 (d); 86.8 (s); 86.9 (d); 89.3 (d);
106.8(d); 113.9(s);115.3(d); 116.9(d); 122.7(d);
122.7(d); 122.8(d); 122.8(d); 122.8(d); 123.4(d);
123.6(d); 123.9(d); 123.9(d); 124.2(d); 124.2(d);
124.5(d); 134.0(s); 136.2(s); 141.1(s); 141.4(s);
148.5(s); 231 (s); 231 (s); 231 (s).

Tricarbonyl(2-methyl-2-phenyl-6-h6-phenyl-
2H-chromene)chromium(6C)
M.p. 99.5°C. IR (CHCl3, cmÿ1): 1975, 1900 (n
CO).1H NMR (CDCl3, ppm):� = 1.77(s,3H); 5.29
(s,2H); 5.40(s,1H); 5.59(s,2H); 5.96(s,1H); 6.48
(s, 1H); 7.25(m, 8H).

Tricarbonyl(3-methyl-3-h6-phenyl-3H-
pyrano[3,2-a]-carbazole)chromium (2D)
M.p. 166°C (dec.).IR (CHCl3, cmÿ1); 1970,1900
(n CO). 1H NMR (CDCl3, ppm): � = 1.58 (s, 3H);
5.34 (m, 2H); 5.52 (d, J = 6.34Hz, 1H); 5.72 (m,
2H); 6.60 (d, J = 9.8Hz, 1H); 6.75 (d, J = 8.4Hz,
1H); 7.15(m, 4H); 7.40(s,1H); 7.72(d, J = 7.4Hz,
1H).

Tricarbonyl(3-phenyl-3-h6-phenyl-3H-
pyrano[3,2-a]carbazole)chromium (3D)
M.p. 213°C (dec.).IR (CHCl3, cmÿ1): 1970,1900
(n CO). 1H NMR (CDCl3, ppm): � = 5.34(m, 2H);
5.57 (d, J = 6.2Hz, 1H); 5.72 (t, J = 6.05Hz, 2H);
6.37(d, J = 9.87Hz, 1H); 6.82(d, J = 8.35Hz, 1H);
7.00 (d, J = 7.18Hz, 1H); 7.11 (m, 7H); 7.60 (d,
J = 7.28Hz, 2H); 7.80(s,1H); 7.83(d, J = 7.70Hz,
1H). 13C NMR (CDCl3, ppm):� = 81.7(s);83.7(s);
91.5(d); 91.6(d); 94.8(d); 95.1(d); 95.9(d); 109.7
(d); 111.4(d); 117.2(s);120.0(d); 120.3(d); 121.5
(s); 121.8(d); 124.2(s); 125.4(d); 126.3(d); 127.5
(d); 127.5(d); 128.1(d); 128.8(d); 128.8(d); 140.5
(s); 144.5(s); 146.5(s); 151.5(s); 230.1(s); 230.1
(s); 230.1(s).

Tricarbonyl(3-phenyl-3-h6-phenyl-3H-
benzofurano[3,2-f]chromene)chromium (4D)
M.p. 137°C (dec.).IR (CHCl3, cmÿ1): 1965,1880
(n CO). 1H NMR (CDCl3, ppm): � = 5.40(m, 2H);
5.61 (m, 1H); 5.75 (m, 2H); 6.38 (d, J = 9.8Hz,
1H); 7.05 (d, J = 8.5Hz, 1H); 7.23 (m, 6H); 7.34
(m, 4H); 7.88(d, J = 7.3Hz, 1H).

Tricarbonyl(7-phenyl-7-h6-phenyl-7H-
benzofurano[2,3-g]chromene)chromium(5D)
M.p. 178°C (dec.).IR (CHCl3, cmÿ1): 1965,1890
(n CO). 1H NMR (CDCl3, ppm): � = 5.32(m, 2H);
5.53 (m, 1H); 5.68 (m, 2H); 6.31 (d, J = 9.8Hz,
1H); 6.71(d, J = 9.7Hz, 1H); 7.29(s,1H); 7.19(s,
1H); 7.26 (m, 6H); 7.46 (m, 2H); 7.82 (d, J =
7.5Hz, 1H).

Tricarbonyl(2-phenyl-2-h6-phenyl-2H-
chromene)chromium(7D)
M.p. 123°C (dec.).IR (Nujol, cmÿ1): 1975,1890(n
CO).1H NMR (acetone-d6, ppm):� = 5.24(m, 2H);
5.49 (m, 1H); 5.60 (m, 2H); 6.04 (d, J = 9.8Hz,
1H); 6.24 (d, J = 9.8Hz, 1H); 6.66 (m, 1H); 7.32
(m, 6H). 13C NMR (acetone-d6, ppm):� = 81.2(s);
91.47 (d); 91.59 (d); 94.9 (d); 95.2 (d); 96.2 (d);
116.9 (s); 117.3 (d); 122.6 (d); 124.8 (d); 127.32
(d); 127.6(d); 128.2(d); 128.9(d); 129.0(d); 129.0
(d); 129.2(d); 130.6(d); 144.2(s); 152.8(s); 233
(s); 233(s);233 (s).

RESULTS AND DISCUSSION

We observethat complexationis totally regiose-
lective.The yields arelow but werenot optimized
aswe weremainly interestedin the photochromic
behaviourof thesecompounds.However,theyields
indicatedin Table 1 correspondto the conversion
ratio,asall of thechromenesnot complexedcanbe
totally recovered.

The regioselectivityfor the heteroatomicchro-
menes(entries1 to 7) dependson theconcentration
of theLewisacid.Thisselectivitycanbeexplained
by themechanismshownin Scheme1.

In the presenceof BF3�Et2O, dependingon the
stoichiometryof theLewis acid,two pathwayscan
beobserved.With 3 equiv.of BF3�Et2O, theoxygen
of thepyranring is complexed.This complexation
induces pyran ring opening. Complexationwith
chromium tricarbonyl then occurson the C ring
(entries1, 2, 4 and10). In thecaseof compounds4
and 5 (entries6 and 7), no complexwas formed.
When the amount of BF3�Et2O is increasedto
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5 equiv., the oxygen of the pyran ring is still
complexedbutthisis alsothecasefor theoxygenor
nitrogenof thebenzofuranoor indolomoietyof the
system.That complexationresultsin the presence
of a positive chargea- to the C ring and thus
inducesa deactivationof that ring towardscom-
plexationwith the Cr(CO)3 moiety. Complexation

occursin this caseon theD ring (entries3, 5, 8 and
9).

That explanationis supportedby the behaviour
of compound6 in which thereis noheteroatoma to
theC aromaticring. In thepresenceof 3 or 5 equiv.
of BF3�Et2O complexationoccursexclusively on
theC ring.

Scheme1 Mechanismproposedto explainthe regioselectivityof the complexation.

Table 2 Spectrokineticpropertiesof thecomplexedchromenes.

Entry Compound Absorptionrange(nm) Kinetic constants(sÿ1)

1 1 360–440 1.7� 10ÿ3; 2� 10ÿ5

2 1C 360–500 10ÿ4

3 2 360–480 0.27;5� 10ÿ4

4 2C 430–500 3� 10ÿ4

5 2D 380–650 1.3� 10ÿ2; 2� 10ÿ4

6 3 360–490 0.12;3� 10ÿ4

7 3C 360–500 1.7� 10ÿ2; 10ÿ4

8 3D 380–650 1.7� 10ÿ2; 1.7� 10ÿ3

9 4 370–620 0.7; 7� 10ÿ4

10 4D 380–600 9� 10ÿ2; 2� 10ÿ4

11 5 370–640 1.5; 7� 10ÿ4

12 5D 380–580 0.2; 1.3� 10ÿ3

13 6 No photochromicpropertiesin our experimentalconditions
14 6C 360–520 3� 10ÿ4

15 7 360–560 0.5; 3� 10ÿ4

16 7D 360–510 5� 10ÿ4
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Spectrokinetic studiesof complexes
In Table 2, we summarizeour resultsobtainedin
acetonitrile. In this solvent fewer degradation
reactionsareobservedthanin ethanolor toluene.

Complexationon the C ring doesnot result in a
significant shift of the open-form absorption
wavelength compared with that of the parent
compound. However, the upper limit of the
absorption band is slightly shifted to longer
wavelengths(entries 1–2, 3–4 and 6–7). For D
type complexesthe situationis not asclearcut as
for 2D and 3D, where the shifts are important
(150nm), while for 4D, 5D and7D (entries9–10,
11–12and15–16)thebandwidthis smallerandthe
upper limit is displaced towards lower wave-
lengths.

As for chromenescomplexedontheA or B rings,
it can be seenthat the first kinetic constanthas
disappearedor is very small ascomparedwith the
first kineticconstant,of theparentcompounds.This
results in an overall decreaseof the thermal
bleaching of the complexed chromenes.This
enablestheobservationof photochromicproperties
for compound6C whichwerenotdetectableon the
parentchromene6.

Whenthesecondkineticconstantsarecompared,
thoseof the complexedforms are slightly higher
than those of the parent compounds.It must be
noted that the observedchangesare of the same
order of magnitudefor either C or D complexes.
Howeverthe C type complexesarevery sensitive

compoundsand degradationoccurs very rapidly
underUV irradiation

CONCLUSION

In this and previouspapers,we have shownthat
regioselectivecomplexationof 2H-chromenede-
rivatives with a chromiumtricarbonyl moiety can
be achievedon A, B, C or D rings. The effect of
this complexationis a stabilization of the open
formsresultingfrom UV irradiationandthusa de-
creaseof the thermalbleachingkinetic constants.
This influencechangeswith the distancebetween
thechromiumandthepyranring.
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