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band and actually has five-fold Pt chain structure®. It has a
very low conductivity at room temperature as o, =5 x 103~
7 x 107 S/em and' it is also supposed to have a commen-
surate Peierls structure as e-Rb-OP,

All the partially oxidised platinum complexes with the
commensurate Peierls structure are found in POBOP’s so far
as are summarized in Table 2. Their common features are
deduced as follows;

(1) k= ?-;rl . dﬂ—ﬁm where the Pt chain is n-fold.

(2) The room temperature conductivity owis three to five
order of magnitude less than that of the incommen-
surate salts of the same sertes.

(3) Averaged Pt-Pt separation dp,p, is relatively short
compared with other compounds of this series with
commensurate lattice modulation.

The first feature is the condition for the commensurability
itself and the second one is the consequence of the above con-
dition, The third one is the structural aspect of the commen-
surate Peierls structure where the individual Pt-Pt separa-
tion in the chain is supposed to be much deviated from the
averaged one. This supposition is the structural expression
of the second feature. From the point of view of the band
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theory, the big cunductivity drop is explained as the conse-
quence of the opening of a band gap at the Fermi surface as
illustrated in Figure 3-b.

The further structural investigation of Pt spine is very
desirable for these compounds to prove the present supposi-
tion about their strong bond alternation.
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Lewis Acid Catalysis of Coumarin and 5,7-Dimethoxycoumarin
Photodimerization
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The effect of Lewis acids on spectroscopic properties and photedimerization of coumarin and 5,7-dimethoxycoumarin was in-
vestigated. Quantum yields of coumarin photodimerization increase in the presence of BF;-OEt; but those of
5,7-dimethoxycoumarin decrease. The spectroscopic properties of the coumarin-BF ;- OEt, and 5,7-dimethoxycoumarin-
BF;-OEt, complexes were studied by UV, IR, 1H NMR and fluorescence Spectroscopy.

Introduction

Lewis acids have been widely employed as catalysts for
thermal Diels-Alder and ene reactions, especially those in-
volving a,8-unsaturated esters.! The enhanced reactivity and
stereoselectivity observed in many such reactions have been
attributed to changes in frontier orbital energies and double
bond polarity upon complexation of the carbonyl oxygen.?

The possobility that Lewis acid might serve as a catalyst
for photochemical reactions have been recognized for many
years, and the recent literature offers increasing number of
reports about photochemical reactions accelerated by Lewis
acids.

It is reported that the spectroscopic properties and
unimolecular photoisomerization reactions of several
e,g-unsaturated esters are profoundly changed by complexa-
tion with Lewis acids such as BF,, EtAICl, and SnCl,.%* Ir-
radiation of several a,8-unsaturated esters in the presence of
Lewis acids leads to photostationary states enriched in the
thermodynamically less stable cis isomer.? From a mech-

anistic standpoint, selective #rans-cés photoisomerization oc-
curred via complexation of ester carbonyl oxygen with Lewis
acids.® Such a complexation changes spectroscopic proper-
ties resulting in selective #ans-cis photoisomerization upon
irradiation of the ground state ester-Lewis acid complexes.

Lewis acids have also served as a catalyst for photo-
chemical (2 + 2] cycloaddition reactions such as photodimeri-
zation of trams,trans-dibenzylidenacetone in the presence of
UO; and SnCl”® and photodimerization of coumarin and
cinnamate esters in the presence of BF,- OEt,.%!°

To explain the effects of Lewis acids on [2+2) photo-
cycloaddition reactions and possible role of Lewis acid
catalysts in photochemical reactions, we investigated spec-
troscopic properties and photodimerization reactions of
coumarin(l) and 5,7-dimethoxy-coumarin (DMC,II) in the
presence and absence of Lewis acids.

Experimental

Materials. 5,7-Dimethoxycoumarin (Aldrich} was recry-
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stallized from ethanol twice. Coumarin (Eastman) and boron
trifluoride etherate (Aldrich) were used as received. HPLC
grade dichloromethane, n-hexane, and tetrahydrofuran were
used for high performance liquid chromatography. Ethyl
ether was reftuxed over sodium and distilled prior to use.
Dichloromethane was distitled from phosphorous pentoxide
and other common solvents were used without futher
purification. Kiesel Gel GF,¢, (Merck) and Kiesel Gel 60
(70-230 mesh) (Merck) were used for silica gel thin layer
chromatography and column chromatography, respectively,

Spectra. Ultraviolet-visible spectra were recorded on a
Cary-17 spectrophotometer. Infrared spectra were measured
on a Perkin-Elmer 267 spectrophotometer (potassium
bromide pellet). 'H NMR spectra were obtained on a Varian
FT-80A NMR spectrometer in chloroform-d. Mass spectra
were obtained on a Hewlett Packard 5985A GC/MS system
using electron impact (EI) method. Fluorescence spectra
were recorded on an Aminco-Bowman spectrofluorimeter
with Aminco-XY recarder. High performance liquid chroma-
togram was obtained on a Waters Associates Model 244 h-
quid chromatograph equipped with Model 6000A solvent
delivery system and Model 440 UV detector (254 nm and 280
nmy).

Quantum Yield Measurements. Samples for quantum
yield determination were degassed and sealed in Pyrex am-
poules. Sample solutions (3 ml) were pippeted inte ampoules,
degassed through three to five cycles of freeze-pump-thaw
method with cooling in liquid nitrogen and sealed. The
samples were irradiated with Hanovia 450 W medium-
pressure mercury arc lamp (Type 679A36) in a merry-go-
round apparatus. Mercury emission line of 366.0 nm was
isolated by Corning glass filters #0-52 and #7-37. Ferrioxlate
actinometry was used to monitor the intensity of the light
absorbed.!! Quantitative analysis was carried out by HPLC
techniques. The following conditions are used for coumarin
and 3,7-dimethoxycoumarin dimerization quantitative
analysis: column; u-porasil (3.9 mm LD x 30 ¢cm), solvents;
n-hexane/ethyl ether (1/2, viv), flow rate; 1.7 ml/min and
n-hexanefdichloromethane/tetrahydrofuran (200/100/5,v
/¥, flow rate: 2.0 ml/min, detector UV (254 nm).

Preparation of Lewis Acid Complexes and Photo-
dimers of Coumarin and 5,7-Dimethoxycoumarin.
Coumarin-BF,-OEt, and DMC-BF; OEt, complexes were
prepared by addition of excess BF,-OEt, inta CCl, solutions
of coumarin and DMC. The resulting precipitate was col-
lected by filtration and dried in vacuum. Coumarin sy» head-
to-tail dimer was synthesized as reported in the literature.?
5,7-Dimethoxycoumarin sy» head-to-tail and anti-dimer were
also prepared by the literature method.'?

Resulis and Discussion

Addition of a small amount of BF,-OEt, to DMC solution
causes a reduction in the 325 nm absorption band and a
shoulder at 360 nm appears as shown in Figure 2. The
isosbestic point at 340 nm is indicative of incomplete com-
plexation showing the light absorption by both free and com-
plexed DMC. The 325 nm band disappeared and a new band
at 366 nm is observed on addition of excess BF,-OEt, pro-
bably due to the complete complexation of DMC with
BF,-OFt,. The results eliminate the possibility of complexa-
tion of Lewis acids on methoxy oxygen since it would cause a
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Figure 1. Structure of coumarin (I) and 5,7-dimethoxycoumarin
(DMC, 1I).
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Figure 2. UV spectra of 5,7-dimethoxycoumarin (4.7 x 10-°M) in
the absence and presence of 5.0x10~¥I), 1.0 x 10-X1I), 1.5x 102
(11D, 2.0 x 10-X1V), 0.38 M (V) BF ;- OEt,.
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Figure 3. UV spectra of coumarin (5.0 x 10-5M) in the absence and
presence of 5.0 x 10-3(1), 1.0 x 107210y, 1.5 % 10-3(I1D), 2.0 x 10°41V)
M BF,0Et,.

blueshift in contrast to the observed red-shift. The absorp-
tion spectra of coumarin in the absence and presence of
BF,-OEt, are shown in Figure 3. As the concentration of
BF,-OEt, increased, the intensity of 313 nm band increased
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a little but no new peak or shofilder appeared at the longer
wavelength, The results indicate that the properties of each
complex-formed are different and the equilibrium constant
for complexation is not large.

The 'H NMR data for the coumarin, DMC and their com-
plexes with BF;-OEt, in CDCl, solution are summarized in
Table 1. The vinyl proton resonance peaks of the pyron ring
in both DMC and coumarin are downfield shifted by 1.0
equiv. BF;-OEt, indicating that coumarin and DMC-
BF;' OEt, complexes change the environments of 3,4-double
bond in both compounds. But only minor change was observ-
ed in the J a, # coupling constant.

Table 1. 'H NMR Data for 5,7-Dimethoxycoumarin and
Coumarin and Their Lewis Acid Complexes®

chemical shift, ppm

compounds Lewis acid 3 up (H2)
Hq H,

5,7-DMC 791 6.11 8.6°

5,7-DMC BF;-OEt, 8.25 6.47 9.8

Coumarin 7.60 6.31 9.1

Coumarin BF;-OEt,  7.78 6.50 9.3

3Chemical shifts for 0.1 M 5,7-dimethoxycoumarin and coumarin in
CDCl; vs. TMS.in the absence or presence of 1.0 equivalent of
Lewis acid.

One equiv. BF,-OEt, is not enough for complete complex-
ation as shown in the UV study and the chemical shifts
observed are time average of those of the complexed and free
coumarin and DMC.

The downfield shift of vinyl proton peaks in DMC is larger
than that of coumarin indicating the stronger complexation
in DMC probably due to the strong electron donating ability
of methoxy groups making the following charge transfer
resonance structure II contribute to the complexation of
DMC with BFQ-OEtz. (Figure 4)
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Figure 4. A plausible structure of DMC-BF, - OEt, complex.

In infrared spectra, DMC carbonyl stretching vibration at
1710 cm™! is shifted to 1690 ¢cm™! in the complex. Also a new
broad band appeared at 1040-1180 ¢cm™! possibly due to O —»
B vibration.}® The 20 ¢cm™! red-shift of the complexed car-
bonyl stretching band strongly indicates that BF, is linked to
the carbonyl oxygen. Coumarin carbonyl stretching band is
not shifted but a new broad band appeared at 1040-1180 ¢cm™!
suggesting that carbonyl oxygen of coumarin does not
strongly interact with BF; as compared with that of DMC,

The DMC fluorescence intensity(y,,,. = 400 nm) decreases
and a new peak (A, =465 nm) appears at the longer
wavelength with increasing BF,'OEt, concentration as
shown in Figure 5. A new peak at the longer wavelength is
probably due to the excited states of the complex formed bet-
ween DMC and BF,-OEt,. The excitation spectra shown in
Figure 6 confirm that each fluorescent species is different
substance. As the concentration of BF;-OEt, is increased,
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Figure 5. Fluorescence emission spectra of 5,7-dimethoxy-
coumarin (5.0 x 10-5M) in the absence and presence of 0.5,1,2,3,
4,5,6,7 equiv. BF;-OEt, (A, = 325nm).
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Figure 6. Fluorescence excitation spectra of 5,7-dimethoxy-

coumarin (5.0 x 10-SM) in the presence of 5.0 equiv. BF;* OEt,.

the fluorescence quenching of DMC is more efficient. A
variety of processes can result in quenching.™ Colliisional or
dynamic quenching can result from collisional encounters
between the fluorophore and quencher, But static quenching
is due to the ground state complexation. Collisional quen-
ching affects the excited state of fluorophores, and thus no
change in the absorption spectra is predicted. In contrast,
ground state complexation frequently results in perturbation
of the absorption spectrum. UV spectra of DMC in the
presence of BF,;-OEt, is red-shifted. Therefore, the
fluorescence guenching of DMC by the formation of ground
state complex is a static quenching process.

As the concentration of BF,-OEt, increased, the
fluorescence intensity (A,, = 315nm) is greatly increased in
coumarin as shown in Figure 7. It has already been reported
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Figure 7. Fluorescence emission spectra of coumarin (3.0 x 10-5M)
in the absence and presence of 0.5,1,2,3,4,5 equiv. BF;-OEt,
(A, = 3150m).
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Figure 8. Quantum yields for photodimerization of coumarin (0.2
M) in the absence and presence of 0.5,1,2,3,4,5 equiv. BF3-OEt,.

that the coordination of the positive lithium ion with coumarin
carbonyl group enhances the fluorescence quantum vield and
life time.!® These results are due to a weakening of the
vibronic interaction between the (n,  *) and !(r, 7 *) states, as
the I(n, = *) state is elevated to higher energy by the lithium
jon coordination. The enhanced fluorescence intensity of
cournarin can be explained in the same manner. Lewis acid
complexation lowers the energy of the oxygen nonbonding
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Figure 9. Quantum yields for photodimerization of 5,7-dimethoxy-
cournarin (0.02 M) in the absence and presence of 0.0025,0.005,
0.01,0.02,0.03 equiv BF ;- OEt,.

electrons hence raises the energy of the }(n, »*) state relative
to the 1(x, n*) state.

The effect of BF,; OEt, on coumarin photodimerization
quantum yield is summarized in Figure 8. The dimerization
quantum yields increase from 107 with coumarin alone to
0.13 with 1.0 equiv. of BF;-OEt, and decrease at higher
BF,-OEt, concentration. This supports the reaction of ex-
cited coumarin-BF; OEt, complex with ground state
coumarin for dimerization since extensive complexation will
lower the free coumarin concentration and consequently the
dimerization quantum yield.

The enhanced quantum yield for conmarin photodimeriza-
tion in the presence of BF;-OEt, can be attributed to in-
crease of concentration of coumarin-BF;-OEt, complex
which has more reactive excited state than coumarin alone.
Both UV absorbance and fluorescence intensity of coumarin
increase greatly with increasing BF, OEt, concentration,
The vibronic interaction between the n, »*) and Yr, z*%)
states is reduced due to the complexation and the lowest ex-
cited state of coumarin-BF,- OEt, complex is closer to pure
i(r, n*) state. Since the photoreactivity of coumarin is deter-
mined by the electronic structure of the lowest excited states
(S,), almost pure (z. =%} character of the lowest excited state
makes the coumarin-BF,-OEt, complex more reactive than
coumarin alone. A plausible mechanism for the BF;-OEt,
promoted photodimerization of coumarin is outlined in
scheme 1.

K
¢ + BF0ft, === CBF+ EL0

cery M, cery’

CBFy + € ——+ CC + BF,
Scheme 1

In contrast to coumarin, no DMC dimer formation was
observed in the presence of highly concentrated BF,-OElt,
and the dimerization quantum yields decreased on addition of
very small amounts of BF,-OEt, (Fig. 9} in spite of increas-
ing fluorescence intensity of DMC-BF,- OEt, complex (Fig.
5). UV absorption of DMC-BF;-OEt, complex also increased



144 Buli. Korean Chem. Soc., Vol. 8, No. 2, 1987

as in the case of coumarin but 2. is very much red-shifted
suggesting that DMC-BF;-OEt, complexation extends con-
jugation, probably resonance interaction between methoxy
groups and BF, as shown in Fig. 4. The large contribution of
resonance structure (II) may inhibit the photodimerization
reaction because the 3,4-double bond character of DMC-
BF;-OEt, complex is greatly decreased by BF,-OEt, com-
plexation and photodimerization quantum yields decrease
with increasing BF ;- OEt, concentration.

In conclusion, an increase or decrease of the photodimeri-
zation efficiency of coumarin and DMC on addition of
BF;-OEt, are not due to acceleration of the reaction rate of
the excited states involved, but to complexation between the
ground state of the compounds and BF;-QEt, prior to excita-
tion.
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The relative stability as function of geometry in the rigid tricyclopropylcarbinyl cations with varied bond angle (a } between
the plane of cyclopropane ring and the bond connecting cyclopropane ring to cationic carbon was examined by 19F nmr spec-
troscopy. 7-p-Fluorophenyltricyclo[2.2.2.026]octan-7-y1é#) and 8-p-fluorophenyltricyclo{3.2.2.027)nonan-8-yl cation (8) were
generated from corresponding tertiary alcohols under stable ion conditions, and their 19F chemical shifts were compared with
those of model compounds such as 7-nortricycly] cation (3) and tricyclo(3.3.1.02.7)octan-8-yl cation (7). Consequently, it is
concluded that the varied orientation of bond angle () within in the bisected conformation does not affect degree of the

charge delocalization into cyclopropane ring.

Among neighboring groups which provide stabilization to
adjacent carbocationic center, the effectiveness of the
cyclopropyl group is well documented.! The very large con-
jugative interaction between a strained cyclopropane bonds
and adjacent empty or developing p orbital has been the ob-
ject of continuing wide interest. The “bisected” conforma-
tion (1, 8=0°) of a cyclopropyl cation is energetically
favored over the “‘perpendicular’’ one (2, ¢ = 90°) by about

Figure 1

16 kcal/mol.? Recently, it has been demonstrated that a
cyclopropylcarbinyl cation is also stabilized when the confor-
mation of the system is locked by structural constraints at an
intermediate position between hisected and perpendicular
conformation.? Indeed, the change in energy of a
cyclopropylcarbinyl cation upon rotation of the cation center



