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Table 11. Values for k, for l-methylcyclohexene and 2-methyl-2-butene
from calculated singlet lifetimes

l1-methylcyclohexene 2-methyl-2-butene
Major Minor

Temp Slope ke(x107) Slope ke(x107) Slope ke(x107)
56 156 4.74

54 103 7.25 223 3.25
43 134 4.86 83.3 7.98 213 3.02
34 108 5.37 61.7 9.30 184 3.08
25 89.4 5.67 53.9 9.20 151 3.36
-4 29.4 10.6 87 3.60
-11 24,5 11.6 75 3.76
-22 29.4 8.14

2-butene 4.2 and the minor adduct of 2-methyl-2-butene 3.0. The two
adducts from 2-methyl-2-butene have different temperature dependences
which can not be explained on the basis of lifetime effects and further
supports the reverse exiplex participation.

The lifetime effect is seen as the dominant factor in TME at
higher temperatures and the minor adduct of 2-methyl-2-butene at all
temperatures, This reflects, in the case of TME, the slow change in
k_e/k, ratio at high temperatures where k_, is the dominant factor and
the wvalues of the ratio change little with temperature. At lower
temperatures the ratio is changing vapidly as k_e and ka are changing
roles of dominance in the fraction, and the apparent rate constant for
addition rises rapidly. The slight change in the 2-methyl-2-butene minor
adduct is attributed to the fact that over the entire measureable
temperature range k_, is the dominant term in the fraction and subse-

quently the small enhancement of the addition is observed. The major
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adduct of 2-methyl-2-butene and l-methylcyclohexene are intermediate
cases in that the ratio of k_g/k, is not as large as in the minor
adduct and a steady increase is seen in the temperature range and yet
not as small as for TME which exhibits the rapid rise where the terms
change roles of dominance.

This method of calculating k, does not take into account the
change in the diffusion controlled rate for a bimolecular process. As
the temperature is lowered, the rate at which two molecules can diffuse
together decreases as the viscosity of the solution increases. This
effect acts in opposition to enhancement effects expected from life-
time changes. The decrease in the diffusion rate is slight in the high
temperature range, but on cooling from 25 to -22° the diffusion rate
decreases by 1087%. The lifetime increase over this range is 125% and a
net effect enhancement effect of 177% could be expected if the lifetime
increase is opposed by the decrease in diffusion rates. The values of

k allowing a 17% net lifetime increase, at the lowest temperatures

0

e?
are 1.5 x 101 , and 1.5 x 108, 1 mole~lsec™! for TME and l-methylcyclo-
hexene respectively. These values are nearly double the values neglecting
any diffusion effects in Table 11. If diffusion effects are considered,
the contribution from reverse exciplex increases over that already
evideat from the previous treatment.

A ground state trans-stilbene molecule is excited to the first
excited singlet state with each quanta of light absorbed. The singlets
then deactivate to ground state species through various reaction modes.

In the case of trans-stilbene and TME it is possible to account for

virtually all of the singlet decay on the basis of three processes,



127

isomerization, fluorescence and addition (equation 34). Quantum yields
®rotal = #*dd *  Friuor * ZFisom (34)

of isomerization were determined at 4 molar TME at various temperatures
(Table 18). The quantum yield of fluorescence can be approximated from
the known value for ®pjyor = 0.08 (29) and the fluorescence quenching
ratio at 4 molar of near two. The value for total isomerization is

the measured %, quantum yield for formation of cis-stilbene, divided
by the known partition ratio of 0.55 obtained from studies of the photo-

stationary state by Fischer (29). The results of the calculation of

Irotal are summarized in Table 12. The three processes are seen to

Table 12. Total quantum yield of reaction for TME at 4 molar at
various temperatures

Temperature <44 ®riuor ®Isom ®70tal
55° 0.30 0.04 0.49 0.83
4509 0.38 0.04 0.42 0.84
2590 0.54 0.04 0.35 0.93
-40 0.76 0.02 0.14 0.92

account for virtually all the light, indicating that the value con-

tributed from radiationless decay is relatively small,
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Photocycloaddition of cis-Stilbene to TME

In the course of mechanistic studies of trans-stilbene and TME,
it was discovered that cis-stilbene irradiated in the presence of TME
gave rise to the same adduct as from trans-stilbene. It was therefore
undertaken to study the reaction in the light of the apparent inversion
of the stilbene portion of the molecule. Irradiating cis-stilbene
at 254 nm in the presence of TME has, as the prime process, production
of trans-stilbene and therefore values for the quantum yield from cis-
stilbene must be corrected for the amount of adduct which is produced
from the trans-stilbene. As a result the reaction caun only be taken
to a low percent completion and combined with the subsequent correction
factor the errors in the measurements are greater than those for trans-
stilbene.

The stereospecificity with respect to the ground state partner
cannot be determined at this time as TME is the only olefin reacting
rapidly enough for addition to cis-stilbene to be measureable. The
inversion of stereochemistry of the stilbene portion is based on
identical gas chromatographic retention times on column C and D
(see EXPERIMENTAL section) with authentic TME adduct. In light of the
retention time difference of the two adducts from 2-methyl-2-butene,
which differ only in the change of a methyl group, the structure of
the photoadduct with cis-diphenyl would certainly be expected to have
a different retention time than the trans isomer.

The assignment of the multiplicity of the reactive state of



cis-stilbene is hampered by the fact that cis-stilbene does not emit.
Sensitization data (Table 38) points to the singlet state. The apparent
sensitization by thioxanthone is again a mystery, as in the l-methyl-
cyclohexene and trans-stilbene case. Michler's ketone has presented
consistent data for trans-stilbene and it is assumed that triplet
sensitization of adduct formation is not operating, therefore-a singlet
mechanism is favored.

The stereochemical results are in disagreement with the normal
stereo-retention properties of singlet reactions (see REVIEW OF
LITERATURE section). The key to the problem may lie in the potential
energy level diagram for stilbenes (Figure 3). For singlet trans-
stilbene there is a plateau for the first 60° of rotation around the
central bond, while for cis-stilbene there is an immediate decrease in
energy of the singlet with respect to rotation. It is therefore
possible that cis-stilbene may immediately, upon being excited to the
singlet, rotate to the twisted singlet energy minimum, a rotation of
60° from cis. The exciplex may therefore form with this twisted singlet
and undergo decay to the trans-product, possibly on steric grounds
equation 35 .

The evidence for an exciplex is, in the case of cis-stilbene, much
less secure. An exiplex is favored on the basis of the endothermic
quenching of the singlet by TME and the negative temperature effect.

There are two possible mechanisms for such a process one of which
is shown in Figure 48. This mechanism is quite similar to that proposed

for trans-stilbene. Singlet cis can undergo internal cyclization to
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(35)

Ph CH3

form the dihydrophenthrene. Upon formation of the phantom singlet, it
can partition between ground state cis and trans-stilbene and exciplex
formation. Once the exciplex is formed, it has the same type decay
modes as the exciplex from trans-stilbene. The reversible mode for the
exciplex produces phantom singlet and ground state olefin.

The expression for 1/@add is given by equation 36 . This equation

V&g = (kg + kic + kapp + k) (pe + kped (kg + kegp + keq + koe)

3
krkeka{OJ

(36)

ik

can be simplified to equation 37 by substituting 1/7E’ the reciprocal
of cis-singlet lifetime, for (kg + ki + kdhp + ky) and 1/7;, the

reciprocal of phantom singlet lifetime, for (kpc + kpt).
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1

Sc - kic - 3Sc
ISC ‘——'kdhp—) Dihydrophenanthrene
1

S, +0 — kg -—> Exciplex
Exciplex — k_.g > lSp +0
Exciplex —_kcdt — St + 0

Exciplex  — kcdc—-9 Sc +0

Exciplex —k, —> Adduct

Figure 48. Possible mechanism for addition of cis-stilbene ruv TME
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1/%

ad = (Ka tkeap *kea, T hoe) | (kg F Kegp + Keq)

c (37)
T % kekek,[0] kyk,

The values for 1/%54q4 vs. 1/[0](Tab1e 36) are shown in Figure 49,
slope 67.5 T 14.5, intercept 6.47 T 5,14, Due to the higher error in
the values for &€,44, the intercept value may be within experimental
error of unity. For this value to be true two conditions must be met,
ky = 1/7, and k, = (k, + kcdt + kcdc)’

The first conditions requires the conversion quantum yield to the
phantom singlet to be 1.0. 1In view of the known production of
dihydrophenanthrene (Ipyp = 0.10) from singlet cis-stilbene, the maximum
value of the conversion to phantom singlet is 0.90. This value is
within error limits to satisfy the condition. The conversion quantum
yield of 0.90 assumes the isomerization of cis-stilbene proceeds solely
via the singlet, as is the contention of Saltiel (32). 1In light of the
potential energy diagram, it is possible that the mechanism for cis-
stilbene isomerization may differ from that of trans-stilbene, cis via
singlet, trans via triplet. However, should cis isomerize from the
triplet the value for the conversion to phantom singlet would be lowered
to 0.32. The total isomerization quantum yield is given by &./¢!, quantum
yield for production of cis divided by the partition factor & leading
to cis-stilbene, 0.26/0.45 = 0.58. The value for production of
dihydrophenanthrene is 0.10, for a total of 0.68 for other processes.
The second condition for an intercept of unity, kcdt and kcdc being
negligible compared to k,, would be compatible with the results from

trans-stilbene exciplexes. For further analysis of the kinetic studies



Figure 49. Reciprocal of plot of quantum yield of addition of cis-stilbene versus
reciprocal of TME concentration

67.8 T 14.6 M

]

Slope

Intercept = 6.48 T 5,15
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kcdt and kcdc will be assumed to be negligible. An intercept of unity
would, according to this mechanism, require isomerization not to be
a triplet process.

The value of &_,; exhibits a temperature dependence (Table 37)
shown in Figure 50. The increase in quantum yield with decrease in
temperature serves to verify the necessity for including exciplex
reversibility in the mechanism. Due to the lack of lifetime data for
cis-stilbene singlet, no value can be calculated for kapp according to

equation 38.

k. +k_.) = -
a e 1 slope (38)
7k'7b kpek kg Te Tp krkapp

The second mechanism is seen in Figure 51. This mechanism differs
from the first in that the only processes involving singlet cis are
conversion to dihydrophenanthrene and slide down the potential curve
of Borrell and Greenwood (20). The formation of DHP from cis is presumed
to involve an interaction of the tilted phenyl rings from ground state
through the excitation process and subsequent closure from the excited
state. Once singlet cis is produced, it immediately assumes the path
of least resistance, rotation around the central bond to lower the
energy of the system. The other processes, including intersystem
crossing, result from the phantom singlet. The other steps of the
mechanism are the same as the mechanism in Figure 48.

The expression for 1/§add is given by equation 39. The term
(kpgp kr)/kr is the reciprocal of the conversion efficiency to the

phantom which has a value of 1.10, as Ipyp is known to be 0.10. The
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Figure 50. Plot of quantum yield of addition of cis-stilbene
to 4 molar TME versus temperature



137

Sc —~—hv > Sc
1Sc —kpyp> Dihydrophenanthrene
Is, —k_ > 1sp
s, —ky> S
ls Kk - s
P Pe c
1sp ~kj > S

1 .
Sp + 0 —ke — Exciplex

Exciplex  —Kk_g» 1Sp + 0
Exciplex —k,» Adduct
Exciplex — kcdt’ St: + 0
Exciplex _kcd: Sc +0

Figure 51. Mechanism for addition of cis-stilbene to TME
involving immediate conversion to phantom singlet
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1/%add = (kpyp + ke) C(kp, + kp + ki )k + keg, + keg, + ke

ko k, [0]

(39)

(kDHP + kr)(ka + kcdt + kcdc)
+

krka

term (kpt + kp, + k;.) can be substituted by 1/7p. This reduces the expres-
sion to equation 40. A value of 1.10 for the intercept would then again

Ve, 4q = (ky + kcdt + kcdc + k_g) 1.10 . 1.10(ky + keg, + keg )
Tp keka O k

2 (40)
require kcdt and kcdc be negligible compared to k,.

Of the two mechanisms, the first would require the quantum yield
of isomerization be independent of olefin, at high concentrations, as
there is no competition for a common species in the two processes.
The second mechanism would have the value of #jgoy decrease with high
olefin concentration as both isomerization and addition involve the same
species. The values for #;,,, in the presence of olefin (Table 36) show
no change with increasing olefin concentration, 2.0 to 5.3 molar. This
is not conclusive data, due to the low value for ®,43q 2s the effect on

& would be very small, if detectable in mechanism of Figure 51. To

isom
conclusively eliminate one mechanism the effect on &;.,, must be studied

at lower temperatures where the addition reaction is expected to be
moderately efficient.
The increased value for k_,, reflected in the low efficiency of

Y

TME adduct formation from this source, is due to the decreased stability
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of che phantom singlet exciplex. This is due to the decreased orbital
overlap in the exciplex, as would be expected from the twisted nature

of the excited partner.
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EXPERIMENTAL

Photocycloaddition of trans-Stilbene to Olefins

General instruments and methods

Infrared spectra were recorded on a Beckman IR-9. Nuclear
Magnetic Resonance specta were recorded on a Varian Associates Model
A-60 or HA-100, or a Perkin-Elmer Hitachi Model R-20B, and the values
are for solutions in carbontetrachloride. Mass spectra were recorded
on'an Atlas CH-4 mass spectrometer. High resolution mass spectra were
recorded on an AEI prS-902. Microanalyses were performed by Spang
Microanalytical Laboratories, Ann Arbor, Michigan. Preparative gas
chromatography was performed on an Aerograph Model 1520-A using; column
A, 12 ft. x 3/8 in., 10% polyalkylene glycol (Ucon water soluble) on
Chromosorb W, 60/80 mesh or column B, 12 ft. x 3/8 in., 15% silicone

gum rubber (SE 30) on Chromosorb W, 60/80 mesh.

Rotating and linear quantum yield apparatus

A rotating photochemical apparatus (referred to as the wheel)
similar to that described by Moses et al., (99) was used for simultaneous
irradiations of samples. A closed-loop water circulating system was
employed to cool the lamp housing (100). The temperature of the water
in which the wheel was immersed was controlled by a Tecan Tempunit,
range 15-90°C. The lamp jacket was placed within a quartz filter-
solution cell, having two concentric solution compartments of 1 cm
solution thickness. The inner solution compartment was filled with 250

ml of potassium chromate solution, 132 mg potassium chromate in 250 ml
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of 17 aqueous sodium carbonate, which is known to transmit light of
wavelength 310 + 20 nm, becoming transparent past 470 nm (101). The
outer compartment contained 250 ml of a solution of 65 g cobalt sulfate
in 250 ml distilled water (101). The cobalt sulfate solution was
employed to filter out light of wavelength 440 nm.

A linear quantum yield apparatus was used for irradiation of

single samples and for temperature dependence studies (100).

Variable temperature quantum yield apparatus

Variable temperature quantum yields were determined using the linear
apparatus and a variable temperature sample holder. For temperatures
of +10 to +65°C. a hollow aluminum block, through which thermostatically
controlled water was circulated, was used. The temperature was con-
trolled by a Tecan Tempunit, range 15 to 90°C. in an external reservoir.

For temperatures below 10°C. the apparatus in Figure 52 was used.
The stainless steel sample holder block was encased in a stainless steel
vacuum shroud to prevent condensation on the quartz sample compartment
window. The sample block was equipped with a nitrogen bleed line at
the bottom of the sample compartment. Dried nitrogen was bled into the
sample compartment prior to opening to the atmosphere to create a positive
pressure with intent of preventing moisture from entering and condensing
in the sample compartment. The sample block was cooled by passing
cooled-compressed air through the air flow channels surrounding the
sample compartment., The air was first dried in a two foot drying column

packed with Drierite. The dried air was then cooled by passing through



Figure 52. Low temperature apparatus

Top: Stainless steel sample block

Bottom: Stainless ste¢l vacuum shroud
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coils of 3/8 in. copper tubing in Dewar flasks containing Dry Ice-
ethanol. The temperature was controlled by regulating the flow rate

of the air and the size and number of cooling coils used. The internal
block temperature was measured by a iron-Constantin thermocouple imbedded

in the block at the level of the sample.

Cells used for quantum yield measurements

For irradiations at 313 and 366 nm, rounds cells (5.0 cm long)
constructed from 13 x 100 mm Pyrex culture tubes and equipped with stand-
ard taper 10/30 joints, were used. For irradiations at 254 nm, cells were
constructed from quartz tubing (13 mm) to the same dimensions as the
Pyrex tubes. The quartz tubes were equipped with quartz to Pyrex

graded-seals for ease in sealing and reconstructing the tubes.

Actinometry

Potassium ferrioxalate actinometry was used for measuring light
intensities (102). Cells containing 3.0 ml of 0.013M potassium ferri-
oxalate solution were irradiated for a known length of time. A 1.0 ml
aliquot of the irradiated solution was added to a 50 ml volumetric flask
containing 8.0 ml of 0.10% 1, 10-phenanthroline solution and 1.0 ml of
sodium acetate-sulfuric acid buffer which had been diluted to 40 ml with
distilled water. After diluting to 50 ml, the solutions were stored
in the dark for a minimum of one hour. The optical density was then
measured at 510 nm with a Beckman DU spectrophotometer equipped with a

Model 205 Gilford power supply, Model 220 Gilford optical density



145

converter and Model 209 Gilford automatic absorbance meter. Actino-

meters were run in duplicate before and after each irradiation.

Preparation and irradiation of samples

For all quantum yield measurements a 3.0 ml sample was used.
Samples were prepared from volumetric solutions of the respective
components and were measured into the cells using Becton Dickinson
syringes equipped with Teflon needles. The solvent for quantum yield
studies was n-hexane and for sensitization experiments benzene was used.
Samples were degassed by four freeze-pump-thaw cycles at liquid nitrogen
temperatures to 10~% mm and were sealed with a torch under vacuum.
Samples were shielded from light during preparation and degassing by
wrapping with aluminum foil, and were kept in the dark befﬁre and after
irradiation. The samples, except the time dependent studies, were

irradiated to 6% or less completion in the wheel or linear apparatus.,

Analytical procedures

Analysis of products were performed on an Aerograph Model 1520 A
and B gas chromatograph using a thermal conductivity detector and a disc
integrator for measurement of peak areas, Product ratios were analyzed
relative to an external standard added after irradiation and were cor-
rected for differences in thermal conductivity. Benzophenone, methyl

trans~cinnamate and fluoren-9-one were used as external standards in

the quantum yield studies.
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lie data reported in tie tables is the average of twn or morce
chromatographic analyses which agreed witi in +4%. The quantum yield
samples were concentrated to 1/4 original volume prior to analysis.
Evaporation of solvent was found to have no effect on tire coaposition
of the sample. Tiie columns were eluted with helium at 96 cc/minute.
The colums referred to in the experimental secticn are: column C,
6 ft. x 1/4 in., 7% poylalkylene glycel (Ucon water soluble) on Chromo-
sorb W, acid was..ed, 60/8U mesl, maintained at 180-1900; cHlumn D,
8 ft. x 1/4 in., 10% Silicone gum rubber (SE 30) on Chromosorb W, acid

washed, 6:/80 mesh, maintained at 190-205¢.

Fluorescence equipment

Fluorescence emission spectra were recorded on an Aminc.o-Bowman
Spectrophotofluorometer Model 4-48202 (American Instrument Co., Inc.)
equipped witix a 150 watt Hanovia Xenon lamp source and a RCA R136
photomultiplier tube. The instrument was connected to an Aminco-Bowman
Microphotometer Model 10U-267 and an Aminco X-Y-T recorder Model 1620-838.

Samples were analyzed in 1 cm x 1 cm four-face quartz fluorescence cells.

Plots of quantum yield data

Least-squares plots were drawn by a simplotter from a program
plot computer program which calculated least-squares slopes, intercepts,

and error limits in terms of standard deviation.
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Format and symbols used in the tables of data

The format for the listing of experimental results of quantum
yield and sensitization measurements consists of a statement of
instrument used, irradiation conditions and analytical procedure used.
This is followed by a table listing the pertinent experimental details
and results, The symbols used in the tables of experimental data refer
to the following: Pt]’ concentration of trans-stilbene in moles/liter;
FCJ , concentration of cis-stilbene in moles/liter; [O], concentration
of olefin in moles/liter; @enﬂ , concentration of sensitizer in moles/

liter; %,49 > quantum yield of cycloaddition; & quantum yield

isom °
of isomerization of stilbene; (ifléf)olefin’ ratio of the quantum yield
of fluorescence in the absence of olefin to the quantum yield of

fluorescence in the presence of olefin.

Preparation and purification of reagents

trans-Stilbene (Scintillation Grade, Aldrich Chemical Co.) was
twice recrystallized from n-hexane (Spectragrade, Fischer) for quantum
yield measurements. For preparative reaction the commercial trans-stilbene
was used without further purification. cis-Stilbene (Aldrich) was
twice distilled through a 50 cm spinning band column under vacuum,
Spectragrade n-hexane (Fischer) was used with no further purification.
Reagent grade benzene was stirred with concentrated sulfuric acid for
24 hours, followed by extraction with water and sodium bicarbonate

solution. After drying over anhydrous calcium chloride, it was distilled
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througi: a 30 cm Vigreaux column and analyzed by nmr for purity. For
preparative reactions the olefins were distilled once. Thioxanthone
and Michler's ketone were recrystallized from suitable solvents and had

melting points consistent with literature values.

Irradiation of trans-stilbene in the presence of cis-2-butene

trans-Stilbene (3.0 g, 0.017 mole) was added to a solution of
cis-2-butene (20 ml, 0.36 mole) and absolute etl.er (20 ml) in a quartz
tube immersed in a Dry Ice-ethanol filled quartz Dewar flask. The
solution, continually kept at Dry Ice-ethanol temperature, was irradiated
external to a Pyrex immersion well usiné a 450 watt Hanovia lamp for 48
hours., The solvent was removed under reduced pressure to yield a yellow
0il. The nmr spectrum of the o0il revealed the presence of stilbene,

cis and trans, and an adduct of stilbene with cis-2-butene. The adduct

was isolated in pure form by preparative gas chromatography using column
A. The adduct was identified-as trams-1,2-diphenyl-cis-3,4-dimethylcyclo-
butane from the infrared spectrum (Figure 12), nmr spectrum (Figure 13)
and mass spectrum (Table 2).

High resolution mass spectrum, in lieu of microsaalysis

Theoretical for CygH20:  236.1564920 (Mt). Found : 236.1565014 (M*).

Irradiation of trans-stilbene in the presence of trans-2-butene

trans-Stilbene (3.0 g, 0.017 mole) was added to a solution of

trans-2-butene (20 ml, 0.36 mole) and absolute ether (20 ml) in a quartz
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tube immersed in a Dry Ice-ethanol filled quartz Dewar flask. The
solution, continually kept at Dry Ice-ethanol temperature, was
irradiated external to a Pyrex immersion well for 48 hours. The solvent
was removed under reduced pressure to yield a yellow oil. The nmr

spectrum of the o0il revealed the presence of stilbene, cis and trans,

and an adduct of stilbene with trans-2-butene. The adduct was isolated
in pure form by preparative gas chromatography using column A. The
adduct was identified as either trans-1,2-diphenyl-syn-trans-3,4-
dimethylcyclobutane or trans-1,2-diphenyl-anti-trans-3,4-dimethylcyclo-
butane from the infrared spectrum (Figure 12), nmr spectrum (Figure 13)
and mass spectrum (Table 2).

High resolution mass spectrum, in lieu of microanalysis

Theoretical for CygHog: 236.1564920 (MT). Found : 236.155407 (M}).

Attempted sensitization of cis and trans-2-butene adduct formation

Samples in Pyrex tubes were irradiated in the wheel at 25°,

Analysis using column D gave the results shown in Table 13.

Attempted sensitization of TME adduct formation

Samples were irrediated in Pyrex cells in the linear apparatus.
Samples were analyzed for TME adduct by gas chromatography using column

C. The results are presented in Table 14,



Table 13. Attempted sensitization of cis and trans-2-butene adduct formation

Sensitizer @ens]a [St] ﬁﬂ D nm Irrad. time cis trans adduct
Blank -- 0.054 trans 366 7 days 15 19 1
5.33
Thioxanthone sat'd in 0.054 trans 366 7 days 1.4 1 -
benzene
5.33
Michler's sat'd in 0.054 trans 366 7 days 1.5 1 -
ketone benzene
5.33
Blank -- 0.054 cis 366 9 days 11 10 1
5.59
Thioxanthone sat'd in 0.054 cis 366 9 days 3 1 -
benzene
5.59
Michler's sat'd in 0.054 cis 366 9 days 1.8 1 -
ketone benzene
5.59

4gensitizer absorbed »99% of light.

0st



Table 14. Attempted sensitization of TME adduct formation

Sensitizer [Sens]a [St] [0] nm  Irrad. time cis  trans adduct
Blank -- 0.06 0.74 366 6 hr 9.8 43 1
Thioxanthone 0.05 0.06 0.74 366 6 hr 1.1 1 -
Michler's ketone 0.08 0.06 0.74 366 6 hr 1.1 1 -
Michler's ketone 0.09 0.06 0.74 366 24 hr 1.4 1 -
Michler's ketone 0.09 0.06 0.74 366 33 hr 1.7 1 -

3gensitizer absorbed 99% of light.

161
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Quenching of trans-stilbene fluorescence by TME

Volumetrically prepared samples were transferred to quartz
fluorescence cells. Fluorescence intensities were measured using
exciting light of 310 nm wavelength. Spectragrade n-hexane was used

as solvent. The results are presented in Table 15,

Table 15. Quenching of trans-stilbene fluorescence by TME2

[O] §f/§folefin b
1.09 1.44
2.95 1.76
4.32 2.13
8.27 2.86

a Et] = 1x10-5M, 27-30°.

b max of emission 360 nm, no new
emission peak appeared upon adding
olfin.

Quantum yield of adduct formation as a function of TME concentration

Samples in Pyrex cells were irradiated in the wheel at 252 using
313 nm light of 40 nm bandwidth. trans-Stilbene, 0.054M, absorbed
greater than 99% of the light. Analysis on column C gave the results

shown in Table 16,

guantum yield of TME adduct formation as a function of percent conversion

Samples in Pyrex tubes were irradiated in the linear apparatus

at 25° using 313 mm light of 44 nm bandwidth. The olefin concentration
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Table 16. Quantum yield of adduct formation as a function of TME

concentration
[0] 1/ (0] %, 4d 1/%24a
4.0 0.25 0.54 1.85
2.0 0.50 0.35 2.86
1.0 1.00 0.19 5.26
0.7 1.33 0.14 7.15
0.5 2.00 0.11 9.09

was 4.0M and trans-stilbene 0.054M. Analysis on column C gave the

results shown in Table 17.

Table 17. Quantum yield of TME adduct formation as a function of
percent conversion

% Conversion @add
0.85 0.49
2.31 0.62
4.42 0.55
9.20 | 0.54

19.80 0.54




Quantum vield of adduct formation and quantum yield of isomerization

of trans-stilbcne to cis-stilbene at 4 molar TME as a function of

temEerature

Samples in Pyrex cells were irradiated in the linear apparatus.

Analysis on column C gave the results in Table 18,

Table 18. Quantum yield of adduct formation and quantum yiecld of
isomerization of trans-stilbene to cis-stilbene at 4
molar TME as a function of temperature

a

Temperature %, dd %,4d i som
relative

65 0.24 0.24

55 0.30 0.30 0.27
45 0.38 0.38 0.23
35 0.44 0.44

25 0.54 0.54 0.19

5 0.69 0.69

5 0.46 0.69 0.19
-4 0.53 0.76 0.08
-10 0.51 0.74
-10 0.58 0,81
-13 0.58 0.81
-18 0.57 0.80 0.05
-22 0.70 0.93
-28 0.61 0.84

aQuantum yields at low temperatures were adjusted by factor
to equate the two 59 quantum yields obtained from the two
different pieces of variable temperature apparatus. The cause
of error may be due to condensation on the quartz window or
clouding of the window itself from an oil film as in the case

of the apparatus in Figure 52,



Quantum vyield of adduct formation as a function of TME concentration

at a series of tempcratures

Samples in Pyrcx cells were irradiated in the linecar apparatus
using the aluminum block temperature apparatus. Light of 313 nm
with a 44 nm bandwidth was used. The trans-stilbene concentration in
all samples was 0.054M. Analysis on column C gave the results in

Table 19.

Table 19. Quantum yield of adduct formation as a function of TME
concentration at a scries of temperaturcs

[0] 1/[0] Temperature ®.dd /2,44
4.10 0.24 5 0.69 1.45
2,10 0.48 5 0.46 2,18
0.70 1.43 5 0.20 5.00
4.04 0.25 34 0.40 2.50
1.97 0.50 34 0.28 3.57
0.71 1.43 34 0.10 10.00
4.02 0.25 Lb 0.37 2,70
2.09 0.48 44 0.24 4,17
0.60 1.67 b4 0.082 12.20
4.02 0.25 54 0.32 3,13
2.09 0.48 54 0.21 4,76
0.60 1.67 54 0.066 15.00

Irradiation of trans-stilbene in the presence of 2-methyl-2-butene

trans-Stilbene (5.0 g, 0.028 mole) and 2-methyl-2-butene (25 g,

0.36 mole) in 150 ml n-hexane were irradiated in a Pyrex immersion well

for 30 hours. The solvent was removed under reduced pressure to yield
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a yellow oil. Gas chromatography revealed the absence of stilbene

and presence of two partially overlapping new peaks in a 1:3 ratio.
Preparative gas chromatography using column B afforded purification

of the major adduct zand a 1:1 mixture of the minor and major adducts.
The infrared spectrum (Figure 12), nmr spectrum (Figure 13) and mass
spectrum (Table 2) of the major adduct are consistent with the
structure Eggggfl,2-diphenyl-giﬁ-B-methyl-&,A-dimethylcyclobutane.

The structure of the minor adduct was deduced to be the other geometric
addition isomer trans-1,2-diphenyl-trans~3-methyl-4,4-dimethylcyclo-
butane on the basis of the infrared spectrum of the mixture (Figure 15),
the nmr spectrum of the mixture (Figure 16), the nmr spectrum of the
minor adduct (Figure 16) obtained by substracting the peaks of the
major isomer from the nmr spectrum of the mixture, and from the mass
spectrum of the mixture (Table 3).

Analysis: Major adduct: Calculated CjgHyy: C, 91.20;

H, 8.80. Found: C, 91.21; H, 8.8l. Mixture: Calculated CqygHpsp:

c, 91.20; H, 8.80. Found: C, 91.06; H, 8.84.

Irradiation of diphenylacetylene in the presence of 2-methyl-2-butene

Diphenylacetylene (4.0 g, 0.025 mole) and 2-methyl-2-butene
(80 g, 1.14 mole) in a Pyrex vessel were irradiated for 48 hours. The

solution had become a bright green by the end of the irradiation. The

solvent was removed under reduced pressure to yield a greenish solid.
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The solid was dissolved in a small volume of chloroform and chromat-
ographed on an Alumina column, and 75 ml fractions were collected. The
column was eluted with 27 ether-hexane. Fractions 32-55 contained 750

mg of a clear oil. The oil was identified as 1,2-diphenyl-3,4,4-trimethyl-
l-cyclobutene from the infrared spectrum (Figure 15), nmr spectrum

(Figure 16) and mass spectrum (Table 3).

Reduction of 1,2-diphenyl-3,4,4~trimethyl-1-cyclobutene

The cyclobutene was reduced by the method of Johnson (77) The
cyclobutene (460 mg, 0.0046 mole) in 20 ml anhydrous ether was added to
liquid ammonia to a total volume of 100 ml. Over a period of five
minutes, potassium (600 mg, 0.015 mole) was added. The solution was
stirred for 20 minutes after which the ammonia was allowed to evaporate.
Ethanol, 10 ml, and anhydrous ether, 7 ml, were added over 20 minutes.
The solution was then added to ice water-benzene. The water layer was
extracted with benzene, and the combined benzene layers were dried over
anhydrous magnesium sulfate and concentrated under reduced pressure to
yield a clear oil. The o0il was analyzed by gas chromatography using
column B revealing three products. Two of the peaks overlapped partially
and were collected. The nmr spectrum of the mixture (Figure 18) and
retention times on column C were identical to that of the mixture of the
two adducts from trans-stilbene and 2-methyl-2-butene. The third product
was identified as a ring opened compound on the basis of the infrared
spectrum, nmr spectrum and mass spectrum. No further work was done to

characterize the ring open compound.
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Irradiation of 2-methyl-2-butene photoadducts

A 1:1 mixture of the two photoadducts was obtained by gas
chromatography using column B. Samples in Pyrex cells were irradiated
in the linear apparatus at 25°. Light of 313 nm with a 44 nm bandwidth

was used. Analysis using column D gave the results in Table 20.

Table 20. Irradiation of 2-methyl-2-butene photoadducts

[photoadduct s] [S t] product ratio product ratic
before irrad. after irrad.
0.009 - 1:1 1:1
0.009 0.054 1:1 1:1

Attempted sensitization of 2-methyl-2-butene adduct formation

Samples in Pyrex cells were irradiated in the linear apparatus
at 25°, Light of 313 nm with a 44 nm bandwidth was used. Analysis

using column D gave the results in Table 21.

Table 21. Attempted sensitization of 2-methyl-2-butene adduct formation

iti a Irrad, cis trans adduct
Sensitizer [Sens] [St] [0] A nm cira
Blank - 0.054 4.0 366 14 hr 3.6 4.4 1
Michler's sat'd in
ketone benzene 0,054 4.0 366 12 hr 1.7 1 --

Thioxanthone sat'd in
benzene 0.054 4.0 366 18 hr 1.3 1 --

8Sensitizer absorbed> 99% of light.
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Quenching of trans-stilbene fluorescence by 2-methyl-2-butene

Volumetrically prepared samples were transferred to the fluorescence
cells. The emission was measured using 310 nm exciting light. The

results are given in Table 22,

Table 22, Quenching of trans-stilbene fluorescence by 2-methyl-2-

butene?
[O] if/§folefin E
0.62 1.01
2.31 1.18
3.92 1.26
6.24 1.47

a [St] = 1 x 10™>M, 27-30°.
b A

max of emission 360 nm, no new emission
peak appeared upon adding the olefin.

Quantum yield of formation of 2-methyl-2-butene adducts as a function

of olefin concentration

Samples in Pyrex cells were irradiated in the linear apparatus at
25°, Light of 313 nm with 44 nm bandwidth was used. The stilbene

concentration was 0.054M., Analysis using column D gave the results in

Table 23.

Quantum vield of formation of 2-methyl-2-butene adducts at 4 molar oiefin

concentration as a function of percent conversion

Samples in Pyrex cells were irradiated in the linear apparatus at
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Table 23. Quantum yield of formation of 2-methyl-2-butene adducts as
a function of olefin concentration

[o] ] = %add V%44 12344
minot major minor major

4.0 0.25 0.025 0.075 40.0 13.4

2.5 0.40 0.015 0.040 66.7 25.0

1.7 0.59 0.010 0.028 100 35.7

1.0 1.00 0.0064 0.015 157 66.7

0.64 1.56 0.0042 0.010 238 100

0.38 2.63 0.0020 0.0049 500 204

N

59, Light of 313 nm with 44 nm bandwidth was used. trans-Stilbene
concentration was 0.054M. Analysis using column D gave the results in

Table 24.

Table 24. Quantum yield of formation of 2-methyl-2-butene adducts at 4
molar olefin concentration as a function of percent conversion

% conversion? éhdd. %a4d
minor major

1.2 0.077

3.5 0.076

4.9 0.025 0.078

12.3 0.025 0.075

aBased on total adduct formation.
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Quantum yield of formation of 2-methyl-2-butene adducts at 4 molar

olefin concentration as a function of temperature

Samples in Pyrex cells were irradiated in the linear apparatus.
Light of 313 nm with 44 nm bandwidth was used.

concentration was 0.054M.

in Table 25.

Table 25. Quantum yield of formation of 2-methyl-2-butene adducts at
4 molar olefin concentration as a function of temperature

trans-Stilbene

Analysis using column D gave the results

Temperature? Tad4 %aad
minor ma jor

54 0.017 0.037
4t 0.018 0.046

34 .021 0.061
2 0.026 ©.074

8 0.038 0.097

-4 0.044 0.12

-11 0.051 0.14
-22 0.057 0.16

aDuplicate determinations.

Irradiaticen of trans-stilbene in the presence of l-methylcyclohexene

trans-Stilbene (3.0 g, 0.016 mole) and l-methylcyclohexene

(60 g, 0.62 mole) in 150 ml n-hexane were irradiated in a Pyrex

immersion well for 27 hours.

The solvent was removed under recuced
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pressure to yield a yellow oil. The nmr spectrum of the oil showed no
stilbene present. Preparative gas chromatography using column A
afforded separation of a clear oil. The oil was identificd as l-methyl-
7-endo-8-exo-diphenyl-cis-bicyclo [4.2.0J octane from the infrared
spectrum (Figure 20), nmr spectrum (Figure 21) and mass spectrum
(Table 4).

Analysis: Calecd. for CpjHy,: €, 91.30; H, 8.70. Found: C, 91.25;

H, 8.53.

Attempted sensitization of l-methylcycloi.exene adduct formation

Samples in Pyrex cells were irradiated in the linear apparatus

at 259. Analysis using column C gave the results in Table 26.

Quenching of trans-stilbene fluorescence by l-methylcyclohexene

Volumetrically prepared samples were transferred to the fluorescence
cells. The emission was measured using 310 nm exciting light. The

results are given in Table 27.

Quantum yield of formation of l-methylcyclohexene adduct as a function

of olefin concentration

Samples in Pyrex cells were irradiated in the wheel at 26°.
Light of 313 nm with 40 nm bandwidth was used. trans-Stilbene
concentration was 0.054M. Analysis using column C gave the results

in Table 28.



Table 26. Attempted sensitization of l-methylcyclohexene adduct formation

Sensitizer Fenéf [St] [0] nm irrad. cis trans adduct
time
Blank -- 0.054 4.0 366 24 hr 3.2 4.6 1
Thioxanthone Sat'd in
benzene 0.054 4.0 366 24 hr 34 24 1
Michler's
ketone Sat’d in
benzene 0.054 4.0 366 36 hr 1.8 1 -

4Ggensitizer absorbed > 99% of light.,

£91



Table 27.

Quenching of trans-stilbene fluorescence by l-methyl-

cyclohexenea

[o]

Table 28,

olefinP
0.31 1.10
1.21 1.16
1.53 1.14
2.19 1.25
3.16 1.30
a

b

sd =1 x 10-9M, 27-30°,

x of emission was 360 nm, no

new emission peak appeared on increasing
olefin concentration.

Quantum yield of formation of l-methylcyclohexene adduct
as a function of olefin concentration

[o] 1/[0] Fa4d 2,44
5.08 0.19 0.057 17.6
3.48 0.29 0.038 26.3
2.02 0.50 0.022 45.5
1.12 0.89 0.013 77.0
0.91 1.10 0.0096 104
0.63 1.59 0.0069 145
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Quantum yield of formation of l-methylcyclohexene adduct at 4 molar

olefin concentration as a function of percent conversion

Samples in Pyrex cells were irradiated in the linear apparatus
at 25°. Light of 313 nm with 44 nm bandwidth was used. trans-Stilbene
concentration was 0.054M. Analysis using column C gave the results in
Table 29,

Table 29. Quantum yield of formation of 1-methylcyclohexene adduct at
4 molar olefin concentration as a function of percent

conversion
% conversion Eadd
1.5 0.063
3.2 0.049
6.5 0.053
10.6 0.048

Quantum vield of formation of l-methylcyclohexene adduct at 4 molar

olefin concentration as a function of temperature

Samples in Pyrex cells were irradiated in the linear apparatus.
Light of 313 nm with 44 nm bandwidth was used. trans-Stilbene
concentration was 0.054M. Analysis using column C gave the results

in Table 30.
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Table 30. Quantum yield of formation of l-methylcyclohexene adduct
at 4 molar olefin concentration as a function of temperature

Temperaturea ®add
65 0.018
56 0.025
43 0.029
34 0.036
25 0.043
15 0.064

6 0.090
-5 0.097
-21 0.12
-28 0.14

aDuplicate determinations.

Quantum vield of formation of l-methylcyclohexene adduct as a function

. . o
of olefin concentration at 45

Samples in Pyrex cells were irradiated in the linear apparatus
at 45°, Light of 313 nm with 44 nm bandwidth was used. trans-Stilbene
concentration was 0.054M. Analysis using column C gave the results

in Table 31,

Irradiation of trans-stilbene in the presence of cyclohexene

trans-Stilbene (3.0 g, 0.017 mole) and cyclohexene (60 g, 0.72
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Table 31. Quantum yield of formation of l-methylcyclohexene adduct
as a function of olefin concentration at 45°

(0] 1/[0] %add 1/%,4q
4.0 0.25 0.029 33.5
2.0 0.50 0.016 62.5
1.0 1.00 0.011 91.0

mole) were irradiated in a Pyrex immersion well for 14 days. The
solvent was removed under reduced pressure yielding a yellow oil.
Preparative gas chromatography using column B afforded separation of
a clear oil. The oil was identified as 7-endo-8-exo-diphenyl-cis-
bicyclo [4.2.0]octane from the infrared spectrum (Figure 20), nmr
spectrum (Figure 21) and mass spectrum (Table 4).

Analysis: Caled. for CpgHgp: C, 91.60; H, 8.40. Found: G,

91.45; H, 8.32.

Attempted sensitization of cyclohexene adduct formation

Samples in Pyrex cells were irradiated in the wheel at 25°.

Analysis using column C gave the results in Table 32.

Quantum vield of formation of cyclohexene adduct as a function of olefin

concentration

Samples in Pyrex cells were irradiated in the linear apparatus

at 25°, Light of 313 nm with 44 nm bandwidth was used. trans-Stilbene



Table 32. Attempted sensitization of cyclohexene adduct formation

Irrad. )
Sensitizer [Sens] 2 [se] o] 2mm time cis trans  adduct
Blank - 0.054 4.0 366 10 days 13 9 1
Thioxanthone sat'd in
benzene 0.054 4.0 366 10 days 88 16 1
Michler's sat'd in
ketone benzene 0.054 4.0 366 10 days 65 25 1

8Sensitizer absorbed> 99% of light.

891
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concentration was 0.054M. Analysis using column C gave the results

in Table 33.

Table 33.

Quantum yield of formation of cyclohexene adduct as a
function of slefin concentration

[O] 1/[0] ®ada 1/'i':a.\dcl
5.99 0.17 0.0083 121
3.91 0.25 0.0039 257
1.88 0.53 0.0024 416
0.95 1.05 0.0013 770

Quantum vield of formation of cyclohexene adduct at 4 molar olefin

concentration as a function of temperature

Samples in Pyrex cells were irradiated in the linear apparatus

using the aluminum block temperature apparatus. Light of 313 nm with

44 nm bandwidth was used. trans-Stilbene concentration was 0.054M.

Analysis using column C gave the results in Table 34.

Table 34.

Quantum yield of formation of cyclohexene adduct at 4 mclar
olefin concentration as a function of temperature

Temperature 544
44 0.0029
33 0.0033

16 0.0044
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Irradiation of trans-stilbene in the presence of 1,2-dimethyl-

cyclohexene

trans-Stilbene (3.0 g, 0.017 mole) and 1,2-dimethylcyclohexene
(10 g, 0.091 mole) in 150 ml n-hexane were irradiated in a Pyrex
immersion well for 18 hours. The solvent was removed under reduced
pressure yielding a yellow waxy-solid. Preparative gas chromatography
using column A afforded a slightly yellow solid. The solid was
identified as cis-1,6-dimethyl-7-cendo-8-cxo diphenyl-cis-bicyclo-
[4.2.0]octane from the infrared spectrum (Figure 17), nmr spectrum
(Figure 18) and mass spectrum (Table 3).

Analysis: Calcd. for CgpHog; C, 91.03; H, 8.97. Found: C,

90.89; H, 8.99.

Irradiation of trams-stilbene in the presence of 1,2-dimethylecyclo-

pentene

trans-Stilbene (3.0 g, 0.017 mole) and 1,2-dimethylcyclopentene
(10 g, 0.11 mole) in a Pyrex tube were irradiated in a Rayonet
Photochemical Reactor, using 300 nm lamps, for 7 days. The solution
was concentrated under reduced pressure to yield a yellow waxy-solid.
Preparative gas chromatography, using column A, yielded a white waxy
solid. The solid was identified as cis-1,5-methyl-6-endo-7-exo-
diphenyl-cis-bicyclo [3.2.0] heptane from the infrared spectrum (Figure

17) nmr spectrum (Figure 18) and mass spectrum (Table 4).
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Analysis: Calcd. for CppgHpp; €, 91.60; H, 8.40. Found: G,

91.45; H, 8.34.

Irradiation of trans-stilbene in the presence of cyclopentene

trans-Stilbene (3.0 g, 0.017 mole) and cyclopentene (25 g, 0.37
mole) in 100 ml n-hexane were irradiated in a Pyrex immersion well
for 72 hours. The solution was concentrated under reduced pressure
yielding a yellow oil. Preparative gas chromatography, using column
A, yielded a clear oil. The oil was identified as 6-endo-7-exo-
diphenyl-cis-bicyclo [3.2.0] heptane from the infrared spectrum
(Figure 46), nmr spectrum (Figure 47) and mass spectrum (Table 8).

Analvsis: Calcd. for 019H20: C, 91.94; H, 8.08. Found: C,

91.76; H, 7.86.

Irradiation of trans-stilbene in the presence of cycloheptene

trans-Stilbene (3.0 g, 0.017 mole) in cycloheptene (100 g, 1.05
mole) was irradiated in a Pyrex immers‘on well for 14 days. The cyclo-
heptene was removed under reduced pressure to yield a yellow waxy-solid,
which was shown by nmr to be mainly stilbene, Preparative gas chromato-
graphy, using column A, yielded a yellow oil. The o0il was identified
as 8-endo-9-exo-diphenyl-cis-bicyclo [S.Z.O.]nonane by the infrared
spectrum (Figure 46), nmr spectrum (Figure 47) and mass spectrum
(Table 8).

High resolution mass spectrum, in lieu of microanalysis

Theoretical for CpjHgsu: 276.1877904 (M), Found: 276.191014 (M*).
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Quantum yield of formation of various adducts at 4 molar olefin

concentration

Samples in Pyrex cells were irradiated in the linear apparatus
at 25°. Light of 313 nm with 44nm bandwidth was used. trans-Stilbene
concentration was 0.054M. Analysis using column C gave the results
in Table 35.

Table 35. Quantum yield of formation of various adducts at 4 molar
olefin concentration

Olefin T’add
trans-2-butene 0.009 (5.59M)
cis-2-butene 0.002 (5.33M)

1,2-dimethyl-
cyclohexene 0.17

1,2-dimethyl-

cyclopentene 0.33
l-methyl-
cyclopentene 0.11
cyclopentene 0.0075

cycloheptene 0.0006
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Photocycloaddition of cis-Stilbene to TME

Quantum yield of TME adduct formation from cis-stilbene and quantum

yield of isomerization as a function of olefin concentration

Samples in quartz cells were irradiated in the linear apparatus
at 25°, Light of 254 nm with a 44 nm bandwidth was used. cis-Stilbene
concentration was 0.054M. Analysis on column C gave the results in
Table 36.
Table 36. Quantum yield of TME adduct formation from cis-stilbene

and quantum yield of isomerization as a function of olefin
concentration

(o] o] g_-s;ti:lbene a:addt:ot:al Taddcorw:&1 1/?caddcorr ‘iisom
completion
5.30 0.19 3.30 0.054 0.047 21.3 0.30
4.10 0.24 4.90 0.054 0.044 22.7 0.29
2.90 0.35 5.60 0.051 0.042 24.8 0.31
2.50 0.40 5.63 0.036 0.028 35.7
2.00 0.50 5.94 0.031 0.024 41.7 0.32
a{addcorr was obtained by substracting from 'I.addtotal the amount

corresponding to the adduct which was produced by the average amount
of trans-stilbene present from the known quantum yields of trams-
stilbene at the conditions of the experiment.



174

Quantum yield of TME adduct from cis-stilbene at 4 molar olefin as

a function of temperature

Samples in quartz cells were irradiated in the linear apparatus
using the aluminum temperature apparatus. Light of 254 nm with a
bandwidth of 44 nm was used. cis-Stilbene concentration was 0.054M.
Analysis on column C gave the results in Table 37.

Table 37. Quantum yield of TME adduct formation from cis-stilbene at
4 molar olefin as a function of temperature

'l‘emperaturea % t-stilbene at iadd F,4d
completion total corr
55 4.90 0.022 0.015
39 4.00 0.035 0.028
25 4,90 0.054 0.044
11 3.20 0.056 0.049

8puplicate determinations.

Attempted sensitization of TME adduct formation from cis-stilbene

Samples in quartz cells were irradiated in the linear apparatus

at 25°. Analysis on column C gave the results in Table 38.



Table 38. Attempted sensitization of TME adduct formation from cis-stilbene

Sensitizer [Sens] a [Sc] [O] > nm %{;gd cis trans adduct
Blank 0.054 4.0 366 24 hy .85 .70 1
Thioxanthone Sat'd in

benzene 0.054 4.0 366 25 hr .85 46 1
Thioxanthone 0.002 0.054 4.0 366 23 hr 1.5 1.1 1
Michler's

ketone Sat'd in
benzene 0.054 4.0 366 36 hr 1.5 1.1 -

8gensitizer absorbed >99% of light.

SL1
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SUMMARY

The photocyloaddition of trans-stilbene with various olefins has
t»een chown to proceed with rctention of stercochemistry with respect

t2 stilbene and the ground state partner, as can be seen from the

v

P H

CH,
D

Ph —\ PY én

-] 3
Ph Ph CH,
> H
H
CH,
———ﬂ/ P H
- :
CH,

add:iion products from cis and trans-2-butene. The addition was shown
to involve initial formation of an exciplex, which partitions between
1St4-0 — kg —>  Exciplex

Exciplex —k_, —> 1St + 0

Exciplex —k, —> Adduct
adduct formation and dissociation to singlet trans-stilbene and ground
srgte ulefin. The exciplex was shown to be formed at a rate close to
#iffusion controlled.

The inefficiency of the addition is attributed to a high value

of k_o relative to k,. The addition was shown to be dependent on



177

alkyl substitution, efficiency decreasing with decreasing substitution,
TME>2-methyl-2-butenexcis or trans-2-butene. The same trend is observed

upon increasing ring size, cyclopentene>cyclohexene>cycloheptene.
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