J. Am. Chem. S0d.998,120,12619-12625

A Search for Chiral Photochromic

12619

Optical Triggers for Liquid

Crystals: Photoracemization of 1-;Rinaphthylpyran through a

Transient Biaryl Quinone Methide

Kikue S. Burnham and Gary B. Schuster*

Contribution from the Department of Chemistry and
Atlanta, Georgia 30332-0400

Receied July 13, 1998

Intermediate

Biochemistry, Georgia Institute of Technology,

Abstract: The photochromic pair 1'binaphthylpyran) and 2-hydroxy-2hydroxymethyl-[1,1]-binaphthylene

(2) was examined to assess suitability as optical triggers in a liquid crystal switch. 1Bwith2 are chiral and

they were resolved into enantiomers by HPLC. The absorption and circular dichroism spectra of optically
activel and2 were recorded and the Kuhn anisotropy factor3 {gere calculated. The photochemistrylof

and2 was studied. Irradiation of optically activiein an CHCN/H,O solution leads to its racemization and

the formation of optically activ®. Irradiation of optically active2 under these conditions gives optically
activel but no racemization d. Time-resolved absorption spectroscopy shows that irradiatidrgefierates

an intermediate assigned to a'Ihlaryl quinone methide3). Analysis of the mechanism for photoracemization
and photochromism reveals ttais the key intermediate in both processes. This system is not well-suited for
development as an optical trigger for a liquid crystal switch because the magnitgglésabo small in the

useful spectral region.

Introduction

The first observation of the formation of an optically active
liquid crystal by the addition of a chiral dopant was reported
more than 60 years adolt was found that inclusion of small
amounts of optically active cholesteryl benzoate in a normally
nematic liquid crystal converts it into a cholesteric phase. This
observation led to the development of electrooptic liquid crystal
switches and, eventually, to extraordinarily useful display de-
vices? We have been searching for an all-optical analogue to
electrooptical liquid crystal switches. In this approach, a liquid
crystal is reversibly switched by light between cholesteric and
nematic forms and the form of the liquid crystal is detected
optically3~7 Materials having these properties might find ap-
plication as memory elements, displays, or coatings for
waveguides.

pure reagent). In this system, the ultimate obtainable optical
purity of the trigger at the photostationary stajgs§ by irra-
diation with CPL is determined by the Kuhn anisotropy factor
(92 = A€le) according toypss= gi/2. Very few potential triggers
are capable of providing @yss large enough to be useful for
switching a liquid crystaf. 12

Resolution by reversible photodestruction is based on pho-
tochromism® Selective irradiation of a photochromic com-
pound generates a product having an absorption spectrum that
is different than its precursor. Selective irradiation of the
product (or in some cases, spontaneous thermal reaction) reforms
the original compound. If either, or both, compound in this
pair is chiral, then its irradiation with CPL will cause photo-
resolution where the optical purityféoc) depends on the extent
of conversionX) according to eq 1. The magnitude of the Kuhn
asymmetry factor is still crucial to finding suitable triggers, but

In one approach to the development of these materials, athe reversible photodestruction route provides additional control

racemic “trigger” compound dissolved in a liquid crystal is
irradiated with circularly polarized light (CPL). Since the
enantiomers of the trigger absorb CPL with different probability
(circular dichroism), photoresolution is possible in carefully

chosen cases. Two classes of photoresolution mechanisms arEoc ™

identified by us as chiroptical and as reversible photode-
struction®~7 In a chiroptical system, irradiation of the trigger

parameters since the enantiomeric excess of the trigger increases
with the extent of conversioH.

1AL + X)L — x)} &2 W9 4
[(1 + X)/(1 — ] V2@ (1)

causes no structural change other than conversion of one enan- Our continuing search for photochromic compounds suitable

tiomer into its mirror image (photoracemization of an optically
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for use as photodestruction triggers led us to consider the 1,1
binaphthylpyran system reported recently by Wan, eq 2.
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Irradiation @ > 350 nm) of pyraril in an CH;CN/H,O solution
leads to the exclusive formation of digl(eq 2)°> Similarly,
irradiation of2 at 254 nm leads to the reformation bft> Of
course, botH and?2 are chiral and potentially resolvable if the
barrier to rotation about the inter-naphthalene bond is sufficiently
high. If the enantiomers can be resolved, this system is suitable
for exploration as a reversible photochromic trigger for liquid
crystals.

Herein, we report the resolution dfand 2 and the inves-
tigation of their photoracemization mechanism. We obtained
circular dichroism spectra and followed the reaction dynamics
by laser flash photolysis. These results indicate that racemiza-
tion proceeds thermally through an intermediate’-bjaryl
quinone methide3) formed photochemically. Although the
magnitude of gfor 1 in the useful spectral region is too small
to be effectual as a trigger for a liquid crystal switch, this study
reveals important details about the mechanism of this photo-
chromic reaction.

o] O
-
hv (-H,0)

Results

(1) Resolution and Circular Dichroism Spectra of 1 and
2. Binaphthylpyran {) and binaphthyl diol Z) were prepared
in racemic form according to previously described proceddrés.
Resolution ofl and2 into enantiomers was achieved by HPLC
using a chiral stationary phase. The details of the resolution
and isolation procedures are presented in the Experimental
Section.

The CD and absorption spectra of the first-eluted enantiomers
of 1 and2 are shown in Figure 1. The CD spectra of the other
enantiomer for each compound is, as expected, identical but
opposite in sign. The CD spectra of bothand 2 exhibit
unusually intense Cotton bands in tHe, and !By transition
regions of the naphthalene chromophore as a result of exciton
interaction between the two nearly identical aromatic grddps.
The Kuhn anisotropy factors, gare also plotted in Figure 1
for Land2. The maximum value found igsg = 0.03. This
value is large enough fot to function as a photoreversible
trigger for a liquid crystal switch if it can be efficiently resolved
by irradiation with CPL since we determined that its twisting
power,fy = 77 um~* M1, is large?*

(2) Racemization of 1 and 2. The observation that optically
active 1 and 2 can be isolated by HPLC indicates at least a
moderate barrier to thermal racemization in both cases. We
analyzed rate constants and activation barriers for thermal
racemization ofl and2 to allow the unambiguous separation
of the light driven and thermal processes.
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Figure 1. Absorption (solid line) and circular dichroism (broken line)
spectra of the first-eluted enantiomers of (a) binaphthylpyraand
(b) binaphthyl diol2 in a 1:1 CHCN/H,O solution at room temperature.
The dotted line is the Kuhn anisotropg) (value.
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Figure 2. Plot of the effect of irradiationA( > 350 nm) of the first-
eluted enantiomer df on its UV spectrum (triangles) and CD spectrum

(circles) in cyclohexane solution at 2C. There is no decomposition,
but photoracemization is apparent.

The change in CD intensity at 351 nm for resolvkavas
monitored as a measure of its optical purity over time at various
temperatures. The decrease of CD intensitylfiorcyclohexane
solution follows a clean first-order kinetic law. The total
concentration ofl in solution measured by its ultraviolet
absorption remains constant during the experiment and no side
products are detected by GC/MS or by HPLC. This finding
shows that racemization df is the exclusive reaction under
these conditions. Rate constants for racemization were deter-
mined at several temperatures between 25 an8iGand the
activation energy for racemization dfwas calculated to be 26
+ 1 kcal/mol. No change in the CD intensity of resolvad
was detected afte3 h at 85°C in sodium phosphate solution
buffered at pH 7.0. The activation barrier reported for'-1,1
binaphthyl diol, closely related t@ structurally, is 37.5 kcal/
mol.2? A similar value for2 would make racemization too slow
to detect under the experimental conditions. On the basis of
these observations, we conclude that the enantiomers of pyran
1 and diol2 will be thermally stable under our irradiation and
analytical conditions (see below).

A solution of resolvedl in cyclohexane solution was
irradiated £ > 350 nm) at 11°C while its CD spectrum was
monitored at intervals to determinelifracemizes photochemi-
cally. Inthe absence of nucleophiles, the irradiatiot should
not lead to its destruction. This was confirmed by measuring
the total concentration df in solution by absorption spectros-
copy and by GC/MS or HPLC. The decrease of the CD
intensity forl (Figure 2) reveals racemization. Control experi-
ments show that this is not a thermal process. The quantum
yield for the photoracemizationd(,) of 1 in cyclohexane
solution was determined to be 0.0025 by comparison with a
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90 Table 1. Optical Activity of 1 and2 during Phototransformatién

irradiation time conversiol total concn eg° ee’
: (min) (%) ™) %) (%)

0 [T¥ 0 0.0 9.6x 1075 97.0

W 736 19.9 9.7x 105  76.7 919
N 1050 26.9 98105 616 75.2
1400 37.0 9.810°5 600 74.0
-100 | ' 2101 452 98105 217 379

0 (mdeg)

) 40220 25'0 360 350 400 aQptically active 1 was irradiated at > 390 nm at 11°C.
A (nm) b Determined by UV/vis spectra and chiral HPL®Determined b
chiral HPLC.

! b
: © M) is irradiated at 254 nm the growth of a negative Cotton band
at 256 nm (Figure 3b) reveals that optically activés being
formed (72% ee at 99% conversion @). Clearly, the
mechanism for interconversion df and 2 must be complex
with the outcome dependent on the rates of several competing
processes.
. . . The optical activities oflL and2 were monitored by HPLC

220 250 300 350 400 when1 was irradiated at > 390 nm (where it absorbs uniquely)

» (nm) up to 45% conversion of. The results are shown in Table 1.

Figure 3. The change in the CD spectra of the reaction mixture The ee of the pyran drops from 97% at the start to 22% at 45%
resulting from irradiation of_a sqlution of optically actiteat A > 3SQ _ conversion. The diol that is formed is optically active and,
nm (Panel a, the dashed line is the CD spectrum before irradiation) surprisingly, at all conversions the ee of residLial the reaction
and2 at 254 nm (Panel b). mixture is less than the ee of thethat is produced. No
byproducts are detected by HPLC and the concentration of the
sample L + 2] remains constant throughout the experiment.

The photoracemization @fwas investigated in a 1:1 solution 1 hese findings suggest that the photoracemizatidnoain occur

of CHsCN/H,O. Irradiation of an optically active sample af ~ independently of its conversion @ We probed the excited-
(99.5% ee, 2.0< 104 M, A = 254 nm) at 11°C was carried ~ State behavior ol and2 to assess this possibility.
out to 20% conversion. There was no measurable racemization Fluorescence Spectra and Lifetimes.It is feasible that the

of the residual and the ee of the pyrah generated in this ~ €XCited singlet state of is trapped by water to forn2 in
reaction is 96%. This experiment indicates that racemization COMPetition with other processes such as intersystem crossing
of 2 does not oceur in its excited state. to a triplet or formation of an intermediate that leads to its

(3) Attempt To Photoresolve 1 by Irradiation with racemization. We studied the fluorescenceldd probe this

Circularly Polarized Light. In principle, irradiation of racemic ~ POSSibility. _ _

1 with CPL at a wavelength whegdoes not absorb will result The fluorescence of in a cyclohexane solution (ca. 10

in its enantiomeric enrichment by converting one enantiomer M, Zexcit = 352 nm) at room temperatgre IS aweak, structureless
preferentially t2. For1, all values of g at wavelengths greater ~°and centered at 400 nm with no significant Stokes shift. If
than 360 nm (where it absorbs uniquely) are very smghy{ _the ex_cned singlet state _afreacts with water, its fluore_s_ce_nce
~ 0.002). Consequently, calculation from eq 1 indicates that INt€nsity should be less in an GEIN/H.O solution than it is in
98% conversion ofL. will result in only a 0.4% ee. Experi- cyclohexane. Itis not. The fluorescence quantum yield of
mentally, no enantiomeric enrichment is found whenxa 104 is essentially the samebg = 0.03) in cyclohexane as it is in

M solution of 1 is irradiated with CPL ai > 360 nm in a 1:1 CH3CN/H,O mixtures. In a _frozen methylcyclohexane glass
H,O/CHCN solution up to 90% conversion. Thevalue for at 77 K, the fluorescence dfis more intense®y ~ 0.3) and
1is 0.03 at 259 nm and irradiation with CPL at this wavelength MOre structured than it is at room temperature, but it occurs in
would give a reasonable enantiomeric enrichment, 2atso exactly the same spectral position. The increas@pht low
absorbs at this wavelength and so do nearly all liquid crystalline ©€Mperature indicates that fluorescence competes with a ther-
materials. These facts limit opportunities for development of Mally activated process such as chemical reactien ifiter-

the photochromic reactions df or 2 as reversible photode- ~ SYStem crossingkk), or internal conversionkg). We deter-
struction triggers for optical liquid crystal switches. mined that the fluorescence lifetime dfat room temperature

(4) Mechanism of Photoracemization. The photoracem- is Iesg than 0.4 ns, the in_strument resolution limit. At 77 K,
ization of 1 and2 is an intriguing process that might proceed t'her.e IS a monoexponentlgl fluorescence decaylfovith a
through excited states or through ground-state intermediates.if€timeé of 1.6 ns. There is no measurable phosphorescence
We examined the time course of the racemization process, €Mission froml under any conditions we examined. Frdm
studied the photophysics and photochemistryl afnd 2, and f':md the natural rgdlatlve lifetimerd, .deterrr.ungd from the
probed the reaction by time-resolved absorption spectroscopy.integrated absorption spectrum), the singlet lifetimpdt room
These experiments led to a well-supported mechanism for temperature fod is c_alculated to be 0.3 ns. This value is in
reaction. good agreement with the estimate (0.2 ns) from the low-

Photochromism of Optically Active 1 and 2. Irradiation temperature experiments according to e 3.
of optically activel (> 95% ee, 4.1x 105 M) in an CH;CN/ — O | 3
H,O solution ¢ > 350 nm) gives optically activg@ (®1—, = Tsrm) ~ Ts(r7k) AR PH(77K) (3)
0.007) as shown by the appearance of a negative Cotton ban
at 232 nm in the CD spectrum of the reaction mixture, Figure
3a. Similarly, when optically activ@ (>95% ee, 2.7x 107> (22) Gross, H.; Du, H. J. Photochem1984 26, 165.

6 (mdeg)

-100 |

transazobenzene actinometer. Unfortunately, for its application
as a trigger, photoracemization bfis an inefficient process.

dl'he temperature dependence @f for 1 shows a linear
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Figure 4. Temperature dependence of the quantum yield for fluores-
cence ofl in methyltetrahydrofuran solution plotted according to
eq 4.

relationship (Figure 4) from-5 to 35°C when plotted according
to eq 42% This indicates that there is one predominant
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Figure 5. Time-resolved decayr(= 5.02us) of transient absorption
monitored at 560 nm following irradiation dfin a cyclohexane solution
at 355 nm with the output of a Q-Switched Nd:YAG laser.

photoracemization, eq 2. We carried out a series of time-

resolved absorption experiments to address this question.
Nanosecond laser flash photolysis (355 nm; Nd:YAG laser;

50 mJ; 25°C) of 1 in a Ny-saturated cyclohexane solution

temperature-dependent reaction from the excited singlet statereveals a transient species rising immediately with an absorption

of 1 with an apparent activation energy of ca. 4.8 kcal/mol.

In[1/®q — (ks + ki)lky] = E/RT + In(Alkg) — (4)
Intersystem Crossing and Racemization of Triplet 1. A
second possibility is that the racemizationlofccurs through

its triplet state as is the case for other binaphthol derivaft7@s.
The absence of phosphorescence fthraven at 77 K, and no
observable triplettriplet absorption in time-resolved experi-

centered at 560 nfhand a well-defined first-order decay with

a lifetime of 5us, Figure 5. Molecular oxygen has no effect
on either the intensity of the transient absorption or the rate of
its decay. Thus, this species cannot be a triplet state. The decay
of the transient is apparently unaffected also by added nucleo-
philes such as water and methyl alcohol (0.6 M). Irradiation
of 1 in a water-containing solution gived but the quantum
yield for reaction ofL (Pgisapp is only 0.02+ 0.005. This shows

that the rate for consumption of the intermediate is considerably

ments (see below) suggest that intersystem crossing is slow and@reéater than that for its reaction with water. Consequently, there

that no tripletl is formed by direct irradiation. Nevertheless,

should be little effect on the lifetime of the intermediate when

we carried out sensitization and quenching experiments to probeVater is present in the reaction solution. On the basis of these

the role of the triplet state in photoracemizationlof
The triplet energy ofl is expected to be similar to that of
1,1-binaphthyl € = 59 kcal/mol). On that basis, we selected
dimethylaminobenzophenone (Michler’s ketone), which has a
triplet energy of 64 kcal/mol, as a sensitizer 10#® Irradiation
of a cyclohexane solution of optically actideand Michler's
ketone atl > 390 nm (only the sensitizer absorbs) results in
the loss of optical activity. Clearly, the triplet state biwill
racemize. However, in the direct irradiation af triplet
guenchergransstiloene Er = 49 kcal/mol¥® or acridine Er
= 45 kcal/mol¥® have no effect on the rate of its photorace-
mization. Evidently, while the triplet state @fwill racemize,
this state is not formed in significant yield by direct irradiation.
Time-Resolved Absorption Spectroscopy.The conclusion
that direct irradiation oflL does not lead to racemization from

experiments, we assign the transient spectrum we obsefre to

Discussion

The motivation for examination of the reversible photo-
chromism of binaphthylpyrad and binaphthyl dioR was its
potential utility as an optical trigger in a “reversible photode-
struction” liquid crystal switch. This application requires, first,
that either partner (since both are chiral in this case) have a g
sufficiently large at a wavelength absorbed uniquely to generate
a yeoc that induces a measurable pitch in a nematic liquid
material. This system does not meet that criterion. The value
of g, for 1 is too small at all wavelengths. F@r sufficiently
large values of goccur only at wavelengths absorbed by both
land2. A second requirement for development of a reversible
photodestruction trigger is a reaction mechanism that permits

the excited singlet or triplet state suggests the formation and efficient interconversion of photochromic partners. The resolu-

reaction of an intermediate. Wan and otReisave proposed
that the irradiation of hydroxy-substituted benzyl alcohols

tion of 1 and2 into enantiomers allows the detailed study of
this mechanism and provides further insight into the photo-

generates quinone methides which can cyclize thermally. The chemistry of these compounds.

1,2 -biaryl quinone methide could be the common intermediate
formed from irradiation ofl or 2 that is responsible for

(23) Muszkat, K. A.; Fisher, EJ. Chem. Soc. (B}967 662.

(24) Irie, M.; Yoshida, K.; Hayashi, KJ. Phys. Chem1977, 81, 969.

(25) Yorozu, T.; Yoshida, K.; Hayashi, K.; Irie, M. Phys. Cheml 981,
85, 459.

(26) Tereau, C.; Lavalette, D.; Cabareet, D.; Geraghty, N.; Welvart, Z.
Now. J. Chem.1982 6, 461.

(27) Zhang, M.; Schuster, G. B. Phys. Chem1994 98, 4852.

(28) Schuster, D.; Goldstein, M. D.; Bane, P.Am. Chem. Sod.977,
99, 187.

(29) Murov, S. L.Handbook of Photochemistrilarcel Dekker: New
York, 1993.

(30) Huang, C.-G.; Beveridge, K. A.; Wan, P.Am. Chem. S0d.991,
113 7676.

The Mechanism of Photochromism and Photoracemiza-
tion. Our investigation supports the reaction mechanism
outlined in Scheme 1 for interconversion bnd2 and their
racemization. The mechanism for photoracemization of bi-
naphthyl derivatives has been carefully studied by several
research groups. Irie and co-workers concluded that an increase
in bond order in the intra-annular carbecarbon bond of the
triplet excited state causes rotation of the binaphthyl rings to a
smaller equilibrium dihedral angle with a concomitant reduction

(31) Related species with similar spectra in the visible region have been
reported: Shi, Y.; Wan, PJ. Chem. Soc., Chem. Commu®95 1217.
The transient we detect absorbs broadly from 520 to 620 nm with an
apparent maximum at 560 nm.
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in the activation barrier for racemizatidh. Tétreau and co-
workers suggested an alternative process in which bond cleavag
in the triplet state of a binaphthyl acetal formed a biradical that
was the species responsible for racemizatfo@ur work ruled

J. Am. Chem. Soc., Vol. 120, No. 48, 12923

quinone methides undergo electrocyclic ring closure and can
be trapped by nucleophiles. Wan and co-workers identified an
0,0'-biphenyl quinone methide as an intermediate in the pho-
tocyclization of 2-(2-hydroxyphenyl)benzyl alcohdf. How-
ever, we are aware of no previous assessment of the optical
activity and racemization of 1'/biaryl quinone methides. In
the present case, racemizatiorBafould be either a thermal or

a photochemical process since it absorbs light whéasebeing
irradiated. The thermal route seems far more likely because
the concentration @ is always low in a steady-state irradiation.
Further, the thermal racemization of related heliced&s10-
phenanthrenequioné$,and a biphenanthrylideffehas been
reported.

The Dynamics of Photochromism and Photoracemization.
The lifetime of the excited singlet state afis ca. 0.3 ns, it
does not intersystem cross to the triplet with measurable
efficiency, and®;s = 0.03 at room temperature. The temper-
ature dependence @y indicates that there is only one major

donradiative reaction and we assign it to ring opening of the

pyran to form3 with a rate constant of % 10° s™1. Unlike
1,2-binaphthyl, which has a more planar structure in its excited

out the bond cleavage mechanism in that case and showed thatinglet state than the ground stétel shows no Stokes shift

single-bond rotation (atropisomerism) in the excited triplet state
is the applicable mechanisth.

Examination of Scheme 1 indicates that there are at least thre
pairs of enantiomers that might racemize in the ground state or
an excited state. For example, excitation of either 2 could
lead to racemization from their excited singlet or triplet states.
Alternatively, excitation ofL or 2 could generat& which can
racemize and then reforthor 2 in their racemic forms. Our
results indicate that the latter process operates in this system

Irradiation of optically active2 in an CHCN/H,O solution
leads to the formation of partially racemizddbut does not
cause any measurable racemization of residualhis observa-
tion rules out racemization ¢ through its excited singlet or
triplet state. Irradiation of optically activeresults in its partial
racemization and in the formation of optically acti2e The
singlet state ol is short-lived and consequently it is not likely
to photoracemize. A similar conclusion was reached in the
examination of 9,10-dihydrodibenzophenanthré&nehich is an
all-carbon analogue df. Further, the excited singlet state bf
is not quenched by water and thus it is not directly converted
to 2. Sensitization experiments show that the triplet staté of

e

and its fluorescence spectrum is essentially the same at room
temperature and at 77 K. This indicates that there is little or
no structural difference between the ground and excited state
of 1. Racemization from this geometry is unlikely to compete
with rapid ring opening. The activation energy for the elec-
trocyclic ring opening of singlet excited measured by
monitoring the temperature dependencebgfis 4.8 kcal/mol.
Thus, it appears th& is formed by excitation of rapidly, in

high yield, and without racemization.

Under the conditions of the photoracemization experiment,
the quantum yield for conversion df to 2 is only 0.007,
indicating that nearly all of th& generated reform&. The
time-resolved absorption experiment reveals a lifetime3fof
5 us. These results givie = 2 x 10° s71 and forksH,0] =
1.4 x 1®s1. These values are consistent with those observed
for reactions of related compourf@4* and they explain why
the observed lifetime of3 is largely independent of the
concentration of water or other nucleophilic trapping reagents
in solution. Simply put, the path leading to formation2dfom
3 amounts to only a small fraction of the reaction3of From
the value of @, for 1 in cyclohexane solution and the

does racemize, but quenching experiments reveal that the direcssumption that racemization 8fis solvent independent, a

irradiation of1 generates little or no triplet. Thus, we conclude
that irradiation oflL generates an intermediate that is responsible
for its racemization and its conversion &> We detect an

magnitude forks = 5 x 10? s'1is calculated. This process,
too, competes primarily with the electrocyclization o 1
and, consequently, its efficiency is low and little racemization

intermediate in the time-resolved experiments that is assignedis seen from irradiation o2.

to 1,2-biaryl quinone methid&.

1,2-Biaryl quinone methides are species of special interest
but all attempts to isolate them have so far been unsuccessful
The spectroscopic and chemical properties of related ortho
quinone methides have been examif®#.3335 1 1-Biaryl
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kiko(ky + kg + k) k k3K, Figure 6. Plot of the observed concentrations of the reaction
=K > X > > componentsiM, B; 1P, O; [1P + 1M], O0; 2P, ®; 2M, A; [2P + 2M],
ks = (K + K3 T ky) ks™ = (K + K3 T ky) <) and their predicted concentrations (lines) according to the reaction
mechanism shown in Scheme 1.
5 K KKy 5= kiky(k, + kg + k)
kg — (ky + kg + k4)2 k32 — (ky + kg + k4)2 further purification, unless otherwise noted. Microscopic analyses were
(5) performed with a Fisher Micromaster polarizing microscope. The

helical twisting power fv) was measured in K15 (BDH) with the
The mechanism outlined in Scheme 1 can be readily analyzed“droplet” method*>4¢ Absorption spectra were recorded on a Varian
by making the usual steady-state assumption for the concentra-Cary 1E UV-vis spectrophotometer. Steady-state quorescence_mea—
tion of intermediated (eq 5) and by controlling the irradiation ~ surements were made on a Spex Fluorolog spectrometer. Circular
so that onlyl absorbs light{ > 390 nm). The solution of the  dichroism spectra were acquired with a Jasco Model J-720 spectropo-
resulting differential equations leads to predictions of the time- larimeter. HPLC separations and analyses were performed on a Hitachi
dependent concentrations of the P and M enantiometsaofl system equipped with a diode array detector with a Regis analytical

> that h bel . half the starti trati chiral (S, S) Whelk-O column (25 cnx 4.6 mm |. D.). GC/mass
at are shown below {3 one-half the starting concentrations analysis was performed with a Hewlett-Packard G1800A GCD equipped

of 1P). The observable parameters in our experiment are the i 3 electron ionization detector and an HP-5 column. Fluorescence
time dependence of the enantiomeric excessafd2. Figure lifetimes were measured on a PTI LS-1 spectrofluorimeter equipped
6 shows a comparison of the experimental results with a with single photon electronics with a nitrogen flash lamp as the
simulation according to the mechanism in Scheme 1 and rateexcitation source.

constants deduced from the chemical and spectroscopic experi- Materials. The preparation of racemit and2 followed the liter-
ments identified above. The fit is remarkably good, the time- ature procedur& ' Their resolution into enantiomers was ac-
dependence of the enantiomeric excess is reproduced, and thi§omplished by HPLC. Samples of racerfiiwere injected in a hexane
supports the conclusion that photoracemizationlobceurs solution and eluted with hexane with a flow of 0.8 mL/min. Under

; ; ; A s these conditions, the retention times are (first elutee) 1200 s and
?Segir;]ag);::nﬂggT an intermediate quinone methide identified (second eluted} = 1520 s. Samples of racemowere injected in a

3:1 hexane/CkLl, solution and eluted with 98:2 hexane/2-propanol
with a flow rate of 1 mL/min. Under these conditions, the retention
times are {)2 = 1315 s and{)2 = 1420 s. Each enantiomer was
In principle, the photochromism dfand2 can be developed  collected and then re-injected under the same conditions to measure
as an optical trigger to switch a liquid crystal between nematic its optical purity. o _
and cholesteric forms based on the reversible photodestruction !rradiation Conditions. Irradiations were performed at £C with
approach. In fact, this investigation of the spectroscopy and @ Nigh-pressure 1000 W Hge arc lamp. Sample solutions were
chemistry of this system shows that it is not well-suited for prepared in 3.0 mL quartz cuvettes and normally purged with a stream
. . . . . of N prior to irradiation. The solutions were stirred magnetically
this application. The enantiomeric excess achievable at any

. L . during the irradiation. The course of the reaction was monitored by
reasonable conversion dfor 2 is inadequate. Analysis of the  5c/ms or by HPLC, as appropriate. For quantum yield measurements,

photochemistry of this system reveals the formation of an g 365 nm interference filter was used to ensure that the actinometer

Conclusion

intermediate 1,tbiaryl quinone methide3d) from irradiation (trans-azobenzene in MeOKfand the samples absorbed measurable
of either 1 or 2. The photochromic and photoracemization light doses. Quantum yields were determined-a6% conversion.
reactions proceed through the ground state.ofThis is the Fluorescence MeasurementsEach sample was prepared in a 3.0

first example of the photoracemization of a binaphthyl com- mL quartz fluorescence cuvette and purged withfdi 10 min prior
pound by direct irradiation that does not proceed through its 0 each measurement. The concentration of both sample solution and
triplet state. The chemical properties®ontrol the efficiency ~ fluorescence standard (anthracedg = 0.3 in cyclohexane) were

of the photochromism and photoracemization. Its predominant adjusted to th_e same optical densities at 352 nm. The integrated areas
reaction under all conditions we examined is electrocyclization U"de" the emission curves were calculated.

. . . . Laser Flash Photolysis. Nanosecond laser flash photolysis was
to form 1. The thermal racemization @fand its reaction with carried out by using a Q-switched Nd:YAG laser with 10 ns pulse width

H20_are_much Sl_ower than CyCIization to for‘l‘nthis, too, limits (355 nm third harmonic), at right angles to a pulsed 50 W Oriel QTH
application of this system as an optical trigger. analyzing lamp. The rise time of the detection system (photomultiplier
Experimental Section (45) Seuron, P.; Solladie, ®/ol. Cryst. Lig. Cryst1979 56, 1.

. o (46) Candau, S.; Leroy, P.; DebeauvaisMel. Cryst. Lig. Cryst1973
General. All solvents were dried before use by distillation from 23 283,

sodium. Reagents obtained from commercial sources were used without (47) Bortolus, P.; Monti, SJ. Phys. Chem1979 83, 648.
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tube and digitizer) is 2.2 ns. The output of the laser is 50 mJ and the laser experiment and Mr. Greg Watson and Mr. Richard Redic
energy of the beam is in the range from 1 to 2 mJ. The detector output for the assistance in the derivation of eq 5. We are particularly
waveforms were processed by a Lecroy 93508 digitizer. The experi- grateful to Professor Peter Wan for providing us with an initial
mental solution (OB= 0.5 at 355 nm) was placed in rectangular quartz sample of diol2. This work was supported by the National

cells with a 1 cmpath length and purged withalprior to measurement. Science Foundation and by the Office of Naval Research
Fresh samples were prepared for each measurement. . .
Molecular Design Institute.
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