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Abstract: The photochemical step in the synthesis of vitamin D; in an aqueous solution of poly(sodium styrenesulfonate-
co-2-vinylnaphthalene) (PSSS-VN) was studied using solar light. The photoisomerization of 7-dehydrocholesterol to
previtamin D; was found to be exceptionally clean and efficient. The process was shown to be photosensitized by the
pendant naphthalene chromophores in the copolymer via singlet—singlet energy transfer. The lack of tachysterol, a
major side product formed during photoisomerization in organicsolution, was explained by triplet-sensitized isomerization
of tachysterol to previtamin. Triplet-triplet energy transfer from excited polymeric naphthalene chromophores to
tachysterol is efficient because of the high local concentration of tachysterol in the vicinity of the energy donors.

Introduction

In previous papers in this series, it has been reported that novel
water-soluble antenna polyelectrolytes, referred to as “photo-
zymes”, act as efficient photocatalysts.1-1© Repulsive interactions
between water and large, hydrophobic, aromatic chromophores
present in the macromolecules induce conformations in these
polymersresulting in the formation of hydrophobic microdomains.
Duetothe presence of these microdomains, the polymers solubilize
molecules of sparingly water-soluble organic compounds. The
aromatic chromophores act as antennas by absorbing light from
the near UV-visible spectral region and transferring this excitation
energy to the solubilized molecules which may then undergo
photochemical reactions. Photozymes have been shown to
sensitize several different types of photochemical reactions such
as photolysis of undecanone,! photooxidation of polynuclear
aromatics,? 1,3-diphenylisobenzofuran, and styrene,® photo-
dechlorination of polychlorinated biphenyls,® and photoisomer-
ization of trans-stilbenel® in water solution.

The photochemistry of isomers belonging to the vitamin D
family has been the subject of extensive studies for many years.!1-21
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This attention originates from scientific interest and also reflects
the important biological and medical roles these compounds play.
The synthesis of vitamin D is one of the few examples of
photochemical reactions of commercial importance.2? The most
important reactions are illustrated in Scheme I based on studies
reported by Jacobs and Havingallc in solution at <0 °C. The
numbers associated with the arrows represent the relevant
quantum yields. The overall process involves two steps: the first
photochemical, the second thermal. In the first step, a starting
material, 7-dehydrocholesterol (DHC), undergoes photochemical
conrotatory ring opening of the cyclohexadiene system to form
the (Z)-hexatriene derivative, previtamin D, which can then be
thermally converted to cis-vitamin D by a reversible 1.7 H shift.
Unfortunately, the previtamin also undergoes a photochemically
induced back ring closure, which both regenerates DHC and
creates the 9,10 anti isomer side product, lumisterol. It also
displays Z — E photoisomerization to the 6,7 isomer, tachysterol.
All these photochemical reactions are reversible and all, except
Z — E isomerization, can occur in the corresponding molecule
only through the first excited singlet state. The previtamin =
tachysterol Z = E photoisomerization can occur both in the
singlet and triplet states of these molecules. Because intersystem
crossing in alkenes is very inefficient, the triplet state can only
be significantly populated by energy transfer from a properly
chosen donor. Fluorenone and anthracene have been shown to
be efficient triplet sensitizers for tachysterol.16:23 It also shows
the thermal step in the formation of vitamin D but does not include
other photochemical processes of vitamin D which can be
important at higher temperatures where rapid thermal isomer-
ization produces significant quantities of the vitamin. Irreversible
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photoreactions of vitamin D in long-term irradiation result in the
formation of so-called “overirradiation products”. Thecitedvalues
for the quantum yields were found to be the same, within
experimental error, as those for reactions initiated with radiation
at 254 or 313 nm.ll¢

Scheme I presents only part of the photochemistry of vitamin
D isomers since the process is quite complicated, and it is
practically impossible to obtain a pure, final product or even to
generate a product at high conversion by direct irradiation of
DHC. Interestingly, although each of the isomers has a distinct
absorption spectrum in the UV region,!32 it is not possible to
excite each selectively due to their spectral overlap (see Figure
1).

This paper reports studies of the photochemical step in the
synthesis of vitamin D3 in a medium consisting of an aqueous
solution of antenna polyelectrolyte poly(sodium styrenesulfonate-
co-2-vinylnaphthalene) (PSSS-VN) using solar light. The aim
of this report is to present the new concept of applying photozymes
as microphotoreactors in which solar energy can be used to drive
useful and specific syntheses of organic compounds in water
solution.

Experimental Section

Materials. Poly(sodiumstyrenesulfonate-co-2-vinylnaphthalene) was
synthesized and purified according to the method previously described.!
The polymer consisted of about 60 mol % 2-vinylnaphthalene and 40 mol
% sodium styrenesulfonate groups.

7-Dehydrocholesterol (Aldrich, 98%) and lumisterol (kindly provided
by Dr. K. Pfoertner, Hoffman-La Roche & Co., Basel) were recrystallized
three times from ethyl acetate in an argon atmosphere. Vitamin D;
(Aldrich, 994+%) was used as received. Naphthalene (Aldrich, 99%) and
trans-stilbene (Aldrich, 96%) were purified by triple crystallization from
methanol.

Cis-Vitamin (V)

:

Absorbance

:

Extinction coefficient (dm3 M~ cm)

0200 240 260 280 300 320 340

wavelength (nm)

Figure1, UV absorptionspectra of (1) DHC, (2) previtamin, (3) vitamin
D3, (4) lumisterol, and (5) tachysterol and (6) absorption spectrum of
an aqueous solution of PSSS-VN (¢ = 1 gdm-3, / = 1 cm) in a near-UV
region.

Polymer solutions were prepared using deionized water. Ethylacetate
(Aldrich, 99.54%), tetrahydrofuran (Caledon, HPLC), methanol, cyclo-
hexane, chloroform (all ACS Spectro Grade), and ethanol (Aldrich,
anhydrous, denaturated) were used as received.

Procedures. Solubilizationof DHC. Solubilization of DHCinaqueous
polymer solutions was achieved by slowly injecting microliter quantities
of DHC (5 % 10-2 M) dissolved in tetrahydrofuran to milliliter quantities
of polymer solution. Typically, 40-50 uL of DHC solution was injected
to 10 mL of PSSS-VN solution of concentration 1 g dm-3. Both the
polymer and the stock DHC solutions were carefully degassed and
protected against light and heat. When solubilization was completed,
the resulting solution was shaken for 5 min, bubbled with argon for 15
min to remove the THF introduced with the probe, and equilibrated for
30 min in the dark at room temperature.
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Irradistion of Samples. Natural source irradiations were carried out
usingsolarlight. These experiments were performed in Toronto on bright,
sunny days in August and September (1990). The temperature of the
samples was maintained between 15 and 20 °C. Under these conditions,
PSSS-VN absorbs less than 3% of the total visible and UV radiation of
the sun.

Artificial source irradiations were performed by using a deep-UV,
constant intensity control system (Optical Associates, Model 780)
described earlier in detail.] Interference filters (313 and 254 nm) were
used to obtain monochromatic light. The incident light intensity was
determined by using a ferrioxalate actinometer: I = 4 X 10~ Einstein
s-1 (at 313 nm) and Ip = 7.3 X 10~ Einstein s-! (at 254 nm). The
solutions were mixed during irradiation using a small magnetic stirring
bar.

Ultraviolet Spectra. UV spectra of the samples were measured using
a Hewlett-Packard 8451A diode array spectrophotometer.

Fluorescence Spectra. Steady-state emission spectra of the samples
were recorded at room temperature using an SLM spectrofluorimeter.

Product Analysis. Analysis of the products formed during irradiation
of DHC in aqueous photozyme and in organic solvents was carried out
using a Waters HPLC system with a Whatman Partisil 5 silica gel
analytical column (4.6-mm i.d., 25 cm) and equipped with a Hitachi
Model 100-40 spectrophotometer UV detector. A Hewlett-Packard
8451A diode array UV spectrophotometer equipped with a flow-through
quartz cell (1-cm path length, 8-xL volume) connected to the effluent
stream of the HPLC was used to take on-line spectra of each component.
By use of a simple BASIC program, we set the spectrophotometer to take
60 spectra in 60 s as the eluting component passed through the cell. The
monitoring of the spectra of the product through its elution was important
to check the precision of separation and to determine the purity of the
compound present in the eluting volume. This was especially important
for the case of the previtamin because of its poor separation from lumisterol.
A mixture of chloroform, cyclohexane, and tetrahydrofuran (50:50:1)
was used as the mobile phase. The products were detected by monitoring
their absorption at 254 nm. The samples for analysis were prepared as
follows. The product mixture formed during irradiation of the polymer/
DHC solution was extracted with chloroform under a stream of argon.
The combined organic layers were washed with water, the solvent was
removed under reduced pressure at room temperature, and residual solid
material was dissolved in 0.5 mL of chloroform for analysis. The
qualitative analyses were based on a comparison of the retention times
and UV absorption spectra of the compounds from the reaction mixtures
with the corresponding pure substances and literature data.13?® For
quantitative analyses, the HPLC system was calibrated with solutions of
known concentrations of these compounds containing toluene as internal
standard.

Results and Discussion

It was observed that PSSS-VN in aqueous solution efficiently
solubilizes DHC. The solubility of DHC in pure water was
determined to be (7.2 £ 0.5) X 106 M. Using a simple two-
phase model for the system, previously described in detail 24 we
determined the distribution coefficient of DHC, defined as the
ratio of the weight fraction of DHC in the polymeric pseudophase
to that in the aqueous phase, to be (4.1 £ 0.5) X 104, Duetothe
preferential solubility of DHC in the hydrophobic polymeric
pseudophase, the local concentration of this compound in the
vicinity of naphthalene chromophores is high.

Irradiation of the PSSS-VN aqueous solution containing
solubilized DHC with solar light results in efficient and selective
production of previtamin D;. Figure 2a shows HPLC traces
obtained for the reaction mixture formed during irradiation of
the PSSS-VN solution containing solubilized DHC (cPH€ = 1.7
X 104 M) with solar light for 90 min. For comparison,an HPLC
trace for the mixture formed during solar irradiation of DHC in
cyclohexane is presented in Figure 2b. Note that in the first
spectrum there are only two distinct peaks: one of retention time
15 min, assigned to the starting material, and the second of
retention time 7.3 min, characteristic of previtamin D;. The
assignment of the previtamin was based on the UV spectrum of

(24) Nowakowska, M.; White, B.; Guillet, J. E. Macromolecules 1990, 23,
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Flgure 2. HPLC traces for the reaction mixtures obtained (a) after 90
min of solar irradiation of an aqueous solution of PSSS-VN containing
solubilized DHC, (b) for DHC in cyclohexane solution irradiated 90 min
with solar light, and (c) after 30 min of irradiation of an aqueous solution
of PSSS-VN containing solubilized DHC (cpgc = 1.7 X 104 M) with
light at 313 nm.
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Figure 3. Dependence of the concentration of previtamin formed in a

photozyme on the time of exposure to solar light (¢cpo = 1 g dm™3, cpuc
= 1.7 X 104 M).

the respective fraction and confirmed by thermal rearrangement
(heated for 30 min at 60 °C under argon atmosphere in the dark)
to vitamin D;. In the second spectrum (Figure 2b), additional
peaks appeared. They are characteristic for lumisterol (g = 7.8
min), tachysterol (g = 9.8 min), vitamin (g = 10.7 min), and
an unidentified side product (g = 13.5 min) with a UV spectrum
similar to DHC. .

The conversion of DHC to previtamin is more efficient in the
photozyme than in organicsolvent. After 1h ofsolarirradiation,
about 65% of the DHC is converted to previtamin in the
photozyme, while only a 4.5% yield is obtained in cyclohexane
after the same period of time. Interestingly, it was observed that
the content of previtamin in the reaction mixture increases for
irradiation times up to 60 min and then decreases after this (Figure
3). This is caused by the fact that the previtamin formed can
undergo both thermal and photochemical rearrangements.
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Table I. Analytical Results for Photosensitized Reactions of DHC in Organic Solvent and Aqueous Polymer Solution (A& = 313 nm)

system QHCX10*°M  fimmin  cpre X 105M  cun X 105M I, X 103 Einstein  vpre X 103 y0cn X 10°
DHC in cyclohexane 3.2 15 0.99 0 2.7 37402 0
30 1.93 2.58 5.4 3602 048%0.02
DHC in aqueous PSSS-VN solution 1.7 30 0 6.7 120£05 0
45 0 10.1 120£05 0

Both of these processes become important after longer
irradiation time. Due to infrared heating during exposure to
solar light, the temperature of the sample gradually increases
which induces thermal isomerization to vitamin D; followed by
its photochemical transformation to other products. The effi-
ciency of the photoisomerization of the previtamin to the
byproducts was found to be much lower in the photozyme than
in organic solvent.

The optimal exposure time to achieve the maximal conversion
of DHC to previtamin depends upon the experimental conditions,
including the initial concentrations of DHC and polymer, the
temperature of the exposed sample, and the intensity of solar
radiation. While the first three variables can be defined quite
precisely and adjusted according to the demands of the experiment,
it is very difficult to control the dose of solar radiation absorbed
by the system for a series of nonsimultaneous experiments. In
order to obtain more information on the dependence of DHC
conversion on the radiation dose absorbed, experiments with
monochromatic light at 313 nm were performed.

Irradiation of the photozyme system using an OAI lamp with
a 313-nm interference filter and the same initial concentrations
of polymer and DHC as those used in solar irradiation results in
exceptionally clean photoisomerization of DHC to previtamin
(see Figure 2¢). In this case, the maximum conversion (70%)
was achieved after 45 min of irradiation. The quantum efficiency
of DHC photoisomerization in aqueous solution of PSSS-VN
wasdetermined to be (2.0£0.5) X 10-2 (see TableI). Irradiation
of DHC + naphthalene in cyclohexane solution at 313 nm also
results in photosensitized isomerization of DHC. The quantum
efficiency of the process was found to be (3.7 = 0.1) X 103 at
an inijtial concentration of DHC equal to 3.2 X 104 M and a
naphthalene concentration 5.0 X 10-> M (see Table I). Note
that prolonged irradiation of DHC in organic solvents in the
presence of naphthalene results in the appearance of tachysterol.
The apparent quantum efficiency of tachysterol formation was
determined to be (4.8 £0.2) X 104, Tachysterol was not formed
when the reaction was carried out in the photozyme.

Mechanistic Studies of Photoisomerization of DHC in Photo-
zyme. Based on the absorption and emission spectra of DHC in
ethanol at 77 K, the energy level for DHC in its first excited
singlet state was determined to be about (93 % 2) kcal mol-1 (307
nm). Solarradiationintheerythmalregion (290-310nm)should
be absorbed by DHC and initiate its isomerization. This process
occurs in human skin exposed to solar light and is responsible for
production of vitamin D; in the human body. Due to the low
total concentration of DHC in the photozyme system used and
the higherabsorption of PSSS-VN in the near-UV spectral region
(see Figure 1), the direct excitation of DHC with solar light is
negligible. For example, at 313 nm, DHC absorbs about 0.6%
of the incident radiation. The photoisomerization of DHC in the
photozyme system is therefore sensitized by excited polymeric
naphthalene chromophores. Measurements of the steady-state
fluorescence spectra of PSSS-VN in aqueous solution in the
absence and presence of DHC show that DHC quenches the
excited singlet state of naphthalene chromophores. Model studies
performed using naphthalene/DHC solutions in THF show that
the quenching can be described by Stern—Volmer kinetics (Figure
4). Thebimolecular rate constant for the processin THF solution
at room temperature was determined to be (3.0 £ 0.5) X 10° M-!
s1. The quenching could involve participation of an exciplex

L L ] Il i 1
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Figure 4. Stern-Volmer plot of the ratio of naphthalene fluorescence
intensities (Ip/Iq) in the absence (Jp) and presence of quencher (Iq) versus
concentration of DHC in THF solution.

intermediate, since it has been shown that naphthalene can form
exciplexes with a series of steroidal dienes.?*

Singlet-singlet energy transfer from naphthalene to DHC
induces photoisomerization of DHC to previtamin D;. Sucha
naphthalene-photosensitized isomerization of quadricyclene to
norbornadiene has also been reported by Murovand Hammond.2¢
In the photozyme system, the hydrodynamic radius of PSSS-VN
(molecular weight M, ~ 120 000) is about 140 A and each
polymer chain contains, on average, 430 naphthalene chromo-
phores. The average naphthalene concentration within each
polymer coil is therefore ~6 X 10-2 mol L-!, of the same order
as those used in Figure 4. We envisage a mechanism whereby
the migrating singlet exciton moving along the polymer chain
hunts for a possible exciplex site where a DHC molecule is in
close proximity to the excited naphthalene.

Photochemical Reactions of the Previtamin. Asshownin Figure
2b, the formation of the previtamin in cyclohexane is accompanied
by the creation of other isomers. The composition of the product
mixture strongly depends on the excitation wavelength (Figure
5). Excitation at 254 nm mainly produces tachysterol while
exposure to radiation of longer wavelength, 313 nm, results in
formation of considerable amounts of lumisterol. This difference
can be explained by taking into account the absorption charac-
teristics of the respective isomers at the excitation wavelengths
and the quantum yields for their isomerizations (compare Figure
1 and Scheme I). The formation of tachysterol and lumisterol
is preceded by primary excitation of the previtamin to the singlet
state. The overall kinetic scheme is quite complicated because
it involves a set of parallel reversible processes.

Interestingly, it was shown in model studies that although
naphthalene photosensitizes the formation of previtamin, it inhibits
the creation of tachysterol and lumisterol. For example, during
irradiation of DHC/naphthalene solutions in cyclohexane
(¢HC€ = 1.6 X 104 M, Cpapn = 2.1 X 10-3 M) at 254 nm (90%
oflight absorbed by naphthalene), the rate of previtamin formation
is four times higher than that during irradiation of DHC solution,
while the increase in tachysterol concentration was two times
slower in the system containing naphthalene. Similarly, the
presence of naphthalene in a system (cp™'C = 3.2 X 104 M, Cpapn

(25) Pusset, J.; Beugelmans, R. Tetrahedron 1976, 32, 791.
(26) Murov, S.; Hammond, G. S. J. Am. Chem. Soc. 1968, 72, 11.
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Figure 5. HPLC traces for DHC in cyclohexane solution irradiated for
120 min at (a) 254 and (b) 313 nm.

= 5 X 10-3 M) sensitizes previtamin formation and inhibits the
appearance of lumisterol when 313-nm radiation is used toinitiate
reaction (97% of radiation absorbed by naphthalene). The
formation of lumisterol is four times slower in the presence of
naphthalene. In a system containing naphthalene, any photoi-
somerization of previtamin is induced by photosensitization
because the amount of direct excitation is negligible. As was
shown experimentally, however, the efficiency of this process is
limited, which can be explained by taking into account two
factors: the maximum of the absorption spectrum for the
previtamin is shifted deeper toward the UV in comparison to
those of the other photoisomers and the geometry of the molecule
is not favorable for effective interaction with naphthalene.
The mechanism of singlet—singlet energy transfer in the
aromatic hydrocarbon/triene system is still not fully explained.
One might expect that the long-range Forster mechanism or a
mechanism involving specific interactions can operate. Quenching
according to the Forster mechanism cannot be efficient in the
naphthalene~previtamin system because of poor overlap between

the emission spectrum of the donor and absorption spectrum of'

the acceptor. On the other hand, to ensure efficient, specific
interactions, both energetic and geometrical requirements have
to be fulfilled. It has been shown that the efficiency of quenching
of naphthalene by dienes is correlated with the position of the
diene singlet absorption maxima and increases with a decrease
in the excitation energy of the diene.?” It has also been
demonstrated that dienes possessing molecular geometries which
allow extended physical overlap between the diene and the
naphthalene moiety display the highest quenching activity. This
explains the lower than expected quenching characteristics for
cyclic dienes, which result from poor physical overlap with
naphthalene. This might also hold for the previtamin triene,
which possesses a rigid cyclic structure.

Considering the above, it seems that the naphthalene group
plays an unusual double role in the photochemistry of the
previtamin, it does act as a photosensitizer although the efficiency
of the photosensitized isomerization of previtamin is lower than
that induced by direct excitation, but, more importantly, it acts
as a radiation screen. At higher local concentrations of naph-
thalene, such as in a photozyme system, the screening effect
becomes increasingly important. This is one of the reasons that
there are no detectable amounts of side products in the synthesis
of the previtamin in a photozyme system up to high degrees of

(27) Stephenson, L. M.; Hammond, G. S. Pure Appl. Chem. 1968, 16,
125.
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Figure 6. HPLC traces for lumisterol irradiated in the presence of
naphthalene at 313 nm for various periods of time: (a) 0 min, (b) 15 min,
and (¢) 30 min.

DHC conversion; the other reason relates to the photosensitized
back isomerization of lumisterol and tachysterol to previtamin.

Photosensitized Isomerization of Lumisterol. It was demon-
strated that irradiation of a lumisterol/naphthalene solution
(k" = 7.6 X 105 M, c*** = 4.3 X 10-3 M) with radiation at 313
nm (98% of radiation absorbed by naphthalene) results in the
consumption of lumisterol accompanied by the appearance of
previtamin in the first stage and later, tachysterol (Figure 6).
During prolonged irradiation, the ratio between the concentration
of previtamin and tachysterol increases and a trace amount of
DHC appears. Unfortunately, due to the overlap between
lumisterol and previtamin peaks, it is difficult to obtain precise
quantitative data.

Triplet-Photosensitized Isomerization of Tachysterol. In the
next step of this work, the effect of naphthalene on the
photochemical reaction of tachysterol was studied. It is known
that very efficient isomerization of previtamin to tachysterol (see
Scheme I) during irradiation of the reaction mixture with short-
wavelength, highly energetic radiation (254 nm) is a major
problem in the commercial synthesis of vitamin D. The reaction
mixture in the photostationary state is exceptionally rich in
tachysterol (tachysterol content ~75%).

DHC in cyclohexane solution (cpyc = 1 X 104 M) was
irradiated for 120 min at 254 nm. This leads to formation of a
substantial amount of tachysterol (¢ = 6 X 105 M) and
consumption of 85% of the DHC (Figure 7a). The quantum
yield of tachysterol formation in cyclohexane was found to be
0.45 which is in good agreement with the literature value.!1¢ In
the next step, naphthalene was added to the reaction mixture
(Caapn = 8.5 X 10-2 M) and the system was irradiated with light
at 313 nm. HPLC analysis was performed every § min. It was
observed that the content of tachysterol decreased and the amount
of previtamin increased (Figures 7b—d), unequivocally showing
that the isomerization of tachysterol is photosensitized by
naphthalene. The quantum efficiency of this process was
determined to be (2 £ 0.3) X 10-2,

It is possible that the process can be sensitized by both singlet—
singlet and triplet—triplet energy transfer. Inordertodistinguish
between these two mechanisms, the effect of triplet quencher
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Flgure 7. HPLC traces for DHC in cyclohexane irradiated for 120 min
at (a) 254 nm and for mixtures obtained following the first-step
naphthalene-sensitized reaction induced by irradiation at 313 nm for
different periods of time: (b) 5 min, (¢) 15 min, and (d) 30 min.

trans-stilbene (E1 < 50kcal mol-1)28 on the naphthalene-sensitized
isomerization was studied. It was found that trans-stilbene (¢ =
5 X 10-3 M) inhibited the naphthalene-sensitized conversion of
tachysterol to previtamin. trans-Stilbene is not expected to be
an efficient quencher for the naphthalene singlet state because
its singlet energy level is higher than that for naphthalene (Egspn
= 92 keal mol-!, Eanset = 94.2 kcal mol-1).22 Based on the above
observation, it can be concluded that the naphthalene-photo-
sensitized isomerization of tachysterol occurs via triplet—triplet
energy transfer. This explains the high efficiency and observed
selectivity of this process. It is known that cis—transisomerization
of tachysterol = previtamin is the only isomerization of the vitamin
D family which can be induced by triplet sensitization.!lc Triplet
sensitization by naphthalene is favored by the high efficiency of
naphthalene triplet formation (quantum efficiency of intersystem
crossing is 0.82) and the relatively long lifetime (~0.1 s) of the
naphthalene triplet. It is worth noting that although this
photosensitized process is reversible, the quantum yield for
previtamin formation is four times higher than that for the back
reaction and almost six times higher than those in the case of the
processes induced by direct excitation (see Scheme I).

After longer irradiation times, trace amounts of lumisterol
appearinthereaction mixture. Thisis probably duetothesinglet-
photosensitized isomerization of previtamin. Because the quan-
tum yield for lumisterol formation is much lower than that for
the back reaction (see Scheme I), this process becomes important
only at high concentrations of the previtamin, formed in this
system after longer irradiation times.

Mechanism of Photochemical Reactions in the Photozyme.
Based on the above experimental results, it is possible to explain
the observed, highly specific formation of previtamin during
irradiation of the PSSS-VN photozyme containing solubilized
DHC. The mechanism of the process involves three different

(28) Murov, S. L. Handbook of Photochemistry; Marcel Dekker: New
York, 1973.
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photosensitization steps: (1) singlet-photosensitized isomerization
of DHC to previtamin, (2) singlet-photosensitized isomerization
of lumisterol to previtamin, and (3) triplet-sensitized isomerization
of tachysterol to previtamin. Although these processes are
reversible, the equilibrium is shifted toward formation of
previtamin. It should be noted that these processes are expected
to be efficient in the photozyme system due to the high local
concentration of DHC and its isomers in the vicinity of the
naphthalene chromophores acting as energy donors. This is
particularly important in case of a triplet-sensitized process
because close contact between donor and acceptor molecules is
required for efficient triplet—triplet energy transfer.

Based on the experimental data presented above, the following
scheme can be proposed to describe the photochemical formation
of previtamin D; in the photozyme system:

Ny + v — IN* (1)
IN* — IN, + av (2)
IN* — N, (3)

'N* + '(DHC), — 'N, + '(DHC)* (4)
'(DHC)* — 'P, (5)
IN* + 'p, — 'p* (6)
p* 11, )

N* + 1T, — IN, +°T* ®)
T+ - 'p, 9)

’N* + 'P,— 'N, + °P* (10)
pr 1T, (11)

pr 1L, (12)

IN* +'Ly—'L*+ N, (13)
IL* —'p, (14)

where N, P, T, and L stand for naphthalene polymeric chromo-
phores, previtamin, tachysterol, and lumisterol, respectively; left
superscripts show multiplicity of the electronic states of the
respective molecules; and right subscripts and superscripts denote
the ground (0) and excited (*) states, respectively.

Conclusions

It has been shown that exceptionally clean synthesis of
previtamin D; in aqueous solution using solar and artificial
radiation can be performed using the novel antenna polyelectrolyte
PSSS-VN. The reaction occurs in the interior of hydrophobic
microdomains created within the polymeric chains due to the
clustering of naphthalene units in contact with water. The first
step involving isomerization of DHC to previtamin is sensitized
via singlet-singlet energy transfer from excited naphthalene
chromophoresto DHC. Theabsenceof lumisterol and tachysterol
at detectable levels in the reaction mixture can be explained by
taking into account the fact that the naphthalene chromophore
plays a double role in the photochemistry of isomers belonging
to the vitamin D family. It acts both as a photosensitizer and as
a screen. It photosensitizes both the formation and back
isomerization of lumisterol and tachysterol, but the efficiencies
of back reactions toward the previtamin are noticeably higher.
Thus, the reaction mixture becomes progressively richer in
previtamin. The increase in previtamin concentration during
irradiation of DHC in an organic solvent in the absence of
naphthalene is a sort of “self-destructive” phenomenon because
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it inevitably leads to an increase in the rate of side product
formation. This process is greatly inhibited in the photozyme
system because the direct excitation of previtamin is limited by
the screening provided by the naphthalene polymeric chromo-
phores present at high concentrations and because the efficiency
of photosensitized isomerization of previtamin is much lower than
that for the back reactions. Due to the optimal combination of
photosensitizing and screening effects in the naphthalene photo-
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zyme/vitamin D; isomeric system, high degrees of DHC con-
versionare possible while still obtaining a relatively pure product.
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