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REACTIVITY OF LOW ENERGY EXCITED STATES
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Abstract—The photochemistry of 3 - methyl - 3 - (1’ - naphthyl) - 1 - butene was investigated. Direct irradiation led
to 1.1 - dimethyl - 2 - (1’ - naphthyl)cyclopropane as 2 primary photoproduct and 2 - methyl - 4 - (1" - naphthyl) - 1 -
butene as s secondary product. The quantum yield for the formation of the cyclopropane was 0.037. The
corresponding triplet reaction was less efficient, with a quantum yield of 0.012, but still afforded the same product.
The excited singlet rearrangement rate was determined by single photon counting; this proved to be 'k, =
$.9x 10°sec™’. The total rate of S, decay was determined as 1.59 x 10" sec™’ with a lifetime of 62.9 nsec. Thus, the
lifetime of this rearranging system is quite similar to that of simple I-alkylnaphthalenes (ca 65 asec); and, the rate
of di-wr-methane rearrangement is the slowest known. Finally, the rate of radiationless decay of the singlet was
found to be almost temperature independent between room temperature and 77 K.

In our previous studies of the di - » - methane rear-
rangement’ we encountered a curious phenomenon in
which the rate of excited singlet rearrangement was
inhibited by stabilization of the vertical excited state of
the reactant.*

Thus, we were led to the present study in which a di -
7 - methane system, 1, containing a low energy naphthyl
moiety, was investigated.

RESULTS

(1) Synthesis of reactant and potential photochemical
products,

The naphthyl-vinyl-methane 1 was synthesized as out-
lined in Scheme 1. Additionally, | - (I’ - naphthyl) - 2,2 -
dimethylcyciopropane (2) and 2 - methyl - 4 - (I’ -
naphthyl) - 1 - butene (3) were synthesized as potential
photoproducts. These syntheses are also included in
Scheme |. Finally, details of the syntheses are given in
the Experimental.’

(2) Exploratory photochemistry; overall reaction course

Exploratory photolyses of the naphthy! vinyl methane
1 were found to afford primarily a product which proved
identical to the independently synthesized naphthyl
butene 3. Since it seemed unlikely that this conversion
occurred in a one-step process, the reaction was in-
spected more carefully. At lower conversions, it was
observed that the previously prepared naphthyl cyclo-
propane 2 was present, with the relative amount of 2
increasing as the percent conversion decreased. At con-
versions approaching | percent, naphthyl cyclopropane 2
was the only observed product.

Thus it appeared that the primary photochemistry led
to naphthy! cyclopropane 2 which then reacted further to
afford naphthyl butene 3. To check this point, the naph-
thyl cyclopropane 2 was irradiated. ndeed, there was
observed a facile conversion of naphthyl cyclopropane 2
to the naphthyl butene 3.
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Hence the overall photochemistry can be wrilten as

ho

(M)

3

in which an initial di-x-methane rearrangement affords
naphthyl cyclopropane 2. The comparable extinction
coeficient for product 2 relative to reactant 1, coupled
with high reactivity of the primary photoproduct 2, ac-
counts for the facile conversion of 110 3.

(3) Quantum yield determinations, magic multiplier and
excited singlet rates by sirgle photon counting

Quantum yields were determined using the microbench
spparatus® and electronic actinometer’ described earlier.
The apparatus was calibrated with potassium ferriox-
alate.® The efficiency of naphthyl cyclopropane 2 for-
mation in the direct irradiations was 0.037; this was
shown to be independent of extent of conversion. For
sensitization, xanthone (Ey = 74.2 kcal/mole”) was used,
since this promised to have more than sufficient'® energy
1o transfer to a ca. 59.6kcal/mole'’ 1-alkylnaphthalene
moicty. Indeed, a conversion of the triplet of the naph-
thyt vinyl methane 1 to the same cyclopropane product 2
was observed with a quantum efficiency of 0.012. It was
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Scheme 1. Synthesis of reactants and potential photoproducts.

shown that the conversion was independent of xan-
thone concentration, thus establishing that concentra-
tions were in the range for complete triplet energy
transfer.

In our previous studies it has proven useful to deter-
mine the “magic multiplier™ for photochemical reactants
of interest. This constant is defined'? as the ratio of
fluorescence at low temperature (e.g. 77K) to that at
room temperature (25%). Typically, for a flexible molecule
values in the range of 100-300 are observed. However,
for the naphthyl vinyl methane 1 presently under study, a
value of 1.1 was obtained. This signifies that the mole-
cular fluorescence efficiency is essentially temperature in-
dependent. Additional conclusions bearing on the excited
state are discussed below.

With the quantum yields and magic multiplier known,
it was of interest to determine the excited singlet reac-
tion rate. The general approach introduced earlier'? was
used. This employed single photon counting with an
on-line PDP-11 minicomputer which served as a multi-
channel analyzer and data processor.” Single photon
counting affords the total rate of excited singlet decay
(i.e. "Kaqon). With knowledge of the singlet quantum yicld
and eqn (2), one can then obtain the rate of excited
singiet reaction.'?

l¢f = |ktllkd(to(); lk« ad ‘¢: ' lkd(ton

Using this method, 'Kguo, was determined as 1.59 %
10" sec™*. This corresponds 1o a lifetime of r = 62.9 nsec.
From this and the quantum yield, 'k, was determined to
be S9x10°sec™’. This is an exceptionally slow re-
arrangement rate, an aspect to be discussed below.
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INTERPRETATIVE DISCUSSION

(1) The reaction multiplicity

The first point of interest is that both the direct and
sensitized photolyses gave rise to a di - 7 - methane
rearrangement. Most commonly triplet acyclic di-»-
methane systems are unreactive due to rapid energy
dissipation by a free-rotor mechanism.'* However, it is
clear that the triplet of the naphthy! vinyl methane 1 does
react, since the rearrangement to afford naphthyl cyclo-
propane 2 occurs when the triplet of 1 is generated
independently by xanthone sensitization.

The second question arising is whether the rear-
rangement resulting on direct irradiation derives from the
initially formed singlet or from the triplet after inter-
system crossing. This question can be answered by in-
spection of the direct and sensitized quantum efficien-
cies. Thus, the direct quantum efficiency can, in prin-
ciple, arise from two sources as shown in egn (3).

Saw="d.+ X (3)
Singlet Tripiet
Contribution  Contribution

The efficiency of intersystem crossing, é... can be ap-
preciable for naphthalenes. For example, 1-methyl-
naphthalene has a ¢,,. of 0.48."* From eqn (3) we obtain
the singlet contribution as

'é = doi —1binc
=10.037-0.012 ¢... (4)

This provides probable and upper limit valves for '4,,
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the singlet quantum efficiency. Thus, if the intersystem
crossing efficiency for naphthyl vinyl methane 1 were
unity, '¢, becomes 0.025. If the intersystem crossing
efficiency were more typical, e.g. 0.48, then 'é, becomes
0.031. In any case, the singlet contribution in the direct
irradiation is minimally 0.025/0.037, or two-thirds of the
observed rearrangement.

(2) The overall rearrangement mechanism

The reaction is seen to be a di-w-methane rearrange-
ment. What is most remarkable about this rearrangement
is that such a very large number of reactions are
encompassed by one mechanism. In the present
example, the mechanism is shown in Scheme 2. It is seen
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that the di- w-methane rearrangement involves 7-bonding
between an excited napthyl group and an unexcited
alkene moiety.

The secondary photochemistry arises from ring-open-
ing of the excited state of naphthyl cyclopropane 2
followed by hydrogen transfer as shown in Scheme 3.

(3) Further aspects

One unusual aspect is the near unity magic multiplier.
This signifies that the total rate of singlet decay is
essentially temperature independent (note eqn $).
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Scheme 2. Overall reaction mechanism for the di- z-methane rearrangement
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Scheme 3. Naphthyl cyclopropane rearrangement mechanism
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Since the rate of S, decay, as measured by single photon
counting, is very close to that ot simple alkyl naph-
thalenes, we can conclude that naphthyl vinyl methane 1
has decay processes characteristic of the lower energy of
the two chromophores (i.c. of naphthyl). This means that
the much more rapid rates of decay encountered for
most of the di-wm-methane systems must derive from
some feature missing in the presently studied naphthyl
vinyl methane 1. It seems probable that 1 differs in
lacking a flexible chromophore into which singlet excita-
tion energy may be distributed. The very low energy of
the naphthy! moiety (85 kcal/mole) compared with the
isolated vinyl group (143 kcal/mole) tends to ensure that
excitation will remain localized in the naphthyl moiety
until onset of the excited state bridging process. In
previously studied examples excitation tended to either
be in a flexible moiety or be potentially available to such
chromophores. Some typical di-r-methane systems and
their rates are given in Table 1, thus illustrating this point
as well as dramatizing the slowness with which the
presently studied naphthyl vinyl methane I rearranges
and decays.

The main factors slowing the S, rate of reaction (i.e.
'k,) of naphthyl vinyl methane singlet (i.c. 1*) seem most
likely to be (a) the considerable vertical excited state
stabilization® prior to bridging. (b} the disinclination of §,
to disrupt the naphthyl aromaticity, and (c) the fact that
the cyclopropyldicarbinyl diradical formed (10) has one
odd eiectron heavily localized on 2 methylene center
without delocalizing groups. Indeed. the most rapid rates
in Table I correspond to cases where bridging involves a
-CH=CPh, moicty where odd electron density in the
cyclopropyldicarbiny! diradical can be delocalized by
two phenyl groups.

It was previously suggested that there is a paralielism
and mechanistic connection between the rates of reac-
tion and the rates of S, decay.*® The present example
provides an extreme test of this connection; for here,
both 'k, and 'kguo are very slow. Throughout all the
cases in Table 1 the quantum yields do not vary mar-

kedly (less than one order of magnitude) while the rates -

vary over a range of 10°. For the previously studied
examples, the rates of decay have been faster than those
of the isolated chromophores. Thus it was postulated
that some portion of the decay occurs via bridging to
give the cyclopropyldicarbiny! diradical and internal
conversion of the diradical to ground state diradical;
ground state  cyclopropyldicarbinyl  diradicals are
known'? to undergo fission of the central C-C bond to
afford two m-moieties. The S, configuration of the
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diradical was postulated to lead onward to the di-n-
methane product.

Since in the present case the decay rate is close to that
of the parent naphthalene, one has to postulate that
finally in this very slow example, decay from the vertical
excited state is slow and characteristic of naphthyl. Also
any decay from the cyclopropyldicarbinyl diradical must
also be minor or slow.

An intriguing rationale is that factors affecting vertical
excited state decay are paralleled in the cyclopropyl-
dicarbiny! diradical formed on bridging but do not affect
partition between decay and forward reaction of the
diradical. This would most simply account for the rela-
tively unvarying fraction of excited state molecules
rearranging versus decaying.

EXPERIMENTAL

Proton NMR spectra were determined on a JEOL MH-100
spectrometer. IR spectra were determined on a Perkin-Elmer 267
spectrometer, and UV spectra on a Cary 118 spectrometer. Mass
specira were obtained using an AEI MS 320 at 70eV.

Analytical vpc was conducted on a Varian Aerograph series
2100 chromatograph equipped with flame ionization detector; the
detector was calibrated for the relative responses of the com-
ponents analyzed. A 0.64 x :50cm column packed with 3% Car-
bowax 20 M on 80/100 mesh Chromosorb W was used at 155°.
Nitrogen carrier gas flow was 30 mL/min. Preparative vpc was
performed on a Varian Aerograph Model 90-P chromatograph
equipped with thermal conductivity detector. A 0.64x 150cm
column packed with 5% Carbowax 20M on 60/80 mesh
Chromosord G was used at 165°C; helium carrier gas flow was
60 mL/min.

Integration of VPC peaks and fluorescence curves was per-
formed using a Summagraphics Bitpad interfaced to a DEC
PDP-11/55 minicomputer.”

Sitica gel used for column chromatography was Grace Grade
62, 60-200 mesh. Column chromatography was performed using
Vycor columns; Sylvania phosphors were mixed with the pack-
ing, thus allowing the bands to be monitored by a hand-held UV
lamp.

t-BuOH used for photolysis was distilled from CaH,. The pho-
tolysis solns were purged of O, prior to photolysis using
vanadous-purified N, the flow of which was maintained during
photolysis.

3. Methyl - 3 - (1 - naphthyl) - 1 - butene. NaH (0.50g of a
$6.3% mineral oil dispersion; 0.28g, 12 mmol) was washed with
3x2ml portions anhyd hexane, then the system was twice
evacuated and filled with N, Dimethyl sulfoxide (DMSO)
(1SmL; dried over and distilled from NaOH) was added via
syringe and the soln stirred a1 70-80° for 1.0 To the murky
soln was added methyltriphenylphosphonium bromide (2.14g,
6.00 mmol) in 10mL DMSO. The cloudy orange solution was
stirred at room temp for 1Smin, then 2 - methyl - 2 - (1 -

Table 1.
Rel,

Ot tethane U A R AN L AR 2
Maphthyl Vinyl 7 5
Methane ) 0.07 1.6 x10  s9x10 TR b
Ph,C-CHCME,CHeC, 0011 4.3 x 100 a7 x10% 25 ™7 16
PACHe ,CHeCPR, 0.0% 5.2 x100 19x10" 200 3220 ®
PhoCoCHOM CnO,  0.097 7.1 x 100 69 k10 26 n0 12
Ph,CoCHCMe CHeCPR,  0.080 1.8 x 10" 14 x 10" 225 2.37x10° 12

&. Magic myltiplier; b. This study.
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naphthyl)propanal’ (1.00 g, $.05 mmol} in $mL DMSO was ad-
ded via syringe and stirred at room temp. After 2.5 br, tk (silica
gel. hexane) showed reaction to be complete, and the soln was
poured into water giving a single layer containing suspended
triphenyl-phosphine oxide; this was extracted once with hexane
causing the triphenyiphosphine oxide to crystallize out. After
filtration, the aqueous phase was further extracted with hexane.
The combined organic phases were washed with 1:1
water/DMSQ and brine, then dricd. After filtration, the soln was
further filtered through ca. 20§ of silica gel, eluting with 100 ml.
hexane, in order to remove any remaining triphenylphosphine
oxide. Solvent removal in tacwo was followed by short-path
distillation (87-90°, 0.3 mm Hg) to give 0.726 g (3.70 mmol, 73.3%)
of coloriess 3 - methyl - 3 - (1 - naphthyl) - 1 - butene. An
analytical sample was further purified by preparative vpc as
described above. The spectral data follow: NMR (CCl,) r 1.68-
1.90 (m, 1 H, naphthyl), 2.24-2.82 (m, 6 H, naphthyl), 3.64-3.95
(m. L H, vinyl), 492-5.12 (m, 2 H. viny)), 8.40 (s, 6 H. methy]): IR
(fim) 3.27, 3.29, 3.38, 3.50, 6.14, 6.27, 6.64, 7.19, 7.30, 7.38, 10.15,
1.1, 12,66, 13.07 . UV (EtOH) AL, 272mm (e 6030), 282
(T080), 313 (425); MS (T0eV) mie 196 (41), 181 (100), 166 (28), 165
(45), 153 (38). High resolution MS: Calc. for CisH,,: mle 196.125;
Found, Mle: 196.125. (Found: C, 91.63;. H, 834. Calc. for
Cn”u: C. 9‘78, H. 822%)

4{1-Naphthyl)y-2-butanore. A procedure similar 1o that of
Barnes and Miller™ was used. Na (6.0 g, 260 mmol) was dissolved
in 200 mL abs EtOH, then ethyl acetoacetate (39.0g, 130 mmoh)
was added in one portion. To the cloudy soln was added I-
(chioromethylinaphthalene (35345, 200 mmol) and the cloudy
soln was refluxed 1.5 hr. A 200 ml. portion 3 M NaOH was added
and the yellow mixture was refluxed for 1.5hr, then stirred at
room temp. for 2.0 hr. The mixture was acidified with 1:1 phos-
phonc acid/water and extracted with ether. The organic phase
was washed with NaHCO, aq and brine, dried, and concentrated
in racuo. Fractional distilation (128°, 0.4 mm Hg) gave 258g
(130 mmol, 65.2%) of colorless liquid 4{1-naphthyl)-2-butanone.
The spectral data follow: NMR (CCl) r 194-280 (m, 7H,
naphthyl), 6.56-6.76 (m, 2 H, methylene), 7.12-7.28 (m, 2 H, CH}),
792 (s, 3H. CHy); IR (film) 3.28, 3.33, 3.38, 5.83, 6.25, 6.62. 7.09,
7.14,7.33, 8.58, 9.90, 12.50, 12.82 &o.

2 - Methyl - 4 - (1 - naphthyl} - | - butene. To methyltriphenyl-
phosphonium bromide (1.96 g, 5.50 mmol) in 30 mL anhyd cther
was added n-Bul.i (3.7mL of a 1.5 M soin in hexane, 5.5 mmol).
The orange soin was stirred for 30 min, then 0.99g (5.0 mmol) 4 -
{1 - naphthyl} - 2 - butanone was added via syringe with im-
mediate precipitation of triphenylphosphine oxide. After stirring
for another 20 min, 25 mL water was added and stirred until the
triphenylphosphine oxide had mostly dissolved. The mixture was
decanted and the residual triphenylphosphine oxide washed with
pentanc. The aqueous phase was extracted with pentane: the
combined organic phases were washed with water and brine,
dried, and concentrated in vacwo. The residue was chromato-
graphed on a short silica gel column, eluting with hexane, to give
0.521 g (2.66 mmol, 53.19%) 2 - methyl - 4 - (I - naphthyl) - | -
butene, whose NMR spectrum was identical to that of the
observed secondary photoproduct. An analytical sample was
further purified by preparative vpc. The spectral data follow:
NMR (CCly) 7 1.95-2.15 (m, | H, naphthy}), 2.25-2.90 (m, 6 H,
naphthyt), 5.25 (s, 2 H, vioyl), 6.80-6.96 (m, 2 H. CH,), 7.58-1.74
(m. 2H, CHy), 8.22 (s, 3H, CH,); IR (film) 3.25, 3.36, 3.40, 6.02,
6.23, 6.58, 6.85, 7.14, 7.25, 8.55, 9.26, 9.85, 11.24, 1250 u; MS
(70eV) mie 196 (11), 141 (100), 115 (28); UV (EtOH) 4,,. 33 nm
(e 360), 291 (4680), 282 (7020), 272 (5840). High resolution MS:
Cake. for C(H;(: 196.125; Found, 196.125. (Found: C. 91.96; H,
8.39. Cak. for C\yH,(: C, 91.78; H, 8.22%).

2. Methyl - 4 - () - naphshyl) - butan - 2 - ol Methyl Grignard
reagent was prepared by the addition of iodomethane (S8 mlL.,
13.2g. 93mmol) in 40mL anhyd ether to 2.26g (93 mmol) Mg
turnings in 30mL anhyd ether. After an additional 20 min of
reflux, 4 - (1 - naphthyl) - 2 . butanone (16.00g. 80.7 mmol) in
30 mL cther was added and refluxed 30 min. After cooling, S0 mL
NHCi satd aq was added and stirred, followed by 20 mL. 10% HC!.
dissolving all solid. The phases were separated and the aqueous
phase extracted with ether: the combined ethereal phases were
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washed with Na,S,0, aq and brine, dried, and concentrated in
vacuo. The light yellow ol was distilled (132-136*, 0.25 mm Hg)
to give 16.60 g (77.4 mmol, 96.0%) viscous coloriess 2 - methyl - 4
- (1 - naphthyl) - butan - 2 - ol. The spectral data follow: NMR
(CDCly) 7 1.98-2.14 (m, 1 H, naphthy}), 2.20-2.80 {m, 6 H, naph-
thyl), 6.74-6.96 (m, 2H, CH,). 3.008.2 (m, 2H, CH). 8.3
(broad s, 1 H, OH), 8.68 (s, 6 H, methyl); IR (film) 2.94, 3.28, 3.36,
341,347,625, 6.51,690,7.17, 7.25, 8.20, 8.70, 8.89, 9.80, 10.75,
10.99, 12.82 u; MS (70eV) mie 214 (4), 213 (39), 195 (32), 180
(87), 152 (35), 140 (100), 59 (85). High resolution MS: Cak. for
CisHpyO: mie 214.136; Found: mle 214.135.

2- Bromo - 2 - methyl - 4 - {1 - naphthyYbutane. 2 - Methyl - 4
- (1 - naphthyl) - butan - 2 - ol (1.680 g, 7.84 mmol) was stirred in
74mL 48% HBr for 2.5hr, then extracted with pentane. The
pentane extracts were washed with sat NHCO, aq. dried. and
concentrated in racuo to give 1.935 g (7.01 mmol, 89.4%) of light
orange, viscous 2 - bromo - 2 - methyl - 4 . (1 - naphthyllbutane.
Due to facile dehydrobromination upon attempted distillation or
chromatography, the bromide was used without further
purfication. The spectral data follow: NMR (CCL,) « 1.96-2.14 (m,
1 H, naphthyl). 2.24-2.90 (m. 6 H, naphthyl), 6.62-6.88 (m, 2 H,
CH,), 7.80-8.00 (m, 2H, CH,), 8.20 (s, 6 H, CH,); IR (film) 3.27,
334, 341, 6.25, 6.58, 6.80, 6.85, 690, 7.14, 7.19, .77, 169, 1.78,
7.94,8.10, 8.20, 8.26, 8.37, 8.55, 8.66, 9.01, 9.26, 9.80, 11,36, 11.63,
1250, 12.82, 13.70 ; MS (70¢V) 196 (15), 141 (100}, 115 (26).
High resolution MS: Calc. for C,sH,;Br: m/e 276.051; Found:
mie 276.051.

1.3 - Dibromo - 3 - methyl - | - (1 - naphthylibutane. 2 - Bromo
-+ 2 - methyl - 4 - {1 - naphthyhbutane (3.00g. 11.0mmol) and
N-bromosuccinimide (2.00g. 11.2mmol) in 150ml. CCl, were
irradiated at reflux with an intense tungsten lamp untd the N-
bromosuccinimide had disappeared (45min). The soln was
filtered, washed with sat Na,$,0, aq, dried, and concentrated in
tacuo 10 give 3.67g (10.4 mmol, 34.3%) of light orange oil. The
1.3 - dibromo - 3 - methyl - 1 - (1 - naphthyl)butane was used
without further purification. The spectral data follow: NMR
(CClLy) 7 1.8 (broad d. J = 10Hz, 1 H, naphthyl), 2.20-2.80 (m,
6 H, naphthyl), 395 (very broad s, | H. naphth-CH), 7.96 (d,
J=SHz, 2H, CH,). 8.12 (s. 3H. CH,), 8.50 (s, 3H, CH,); IR
(flm) 3.27, 3.37, 3.41, 3.50. 5.15 (w), 5.52 (w), 5.78 (w), 6.25, 6.58,
6.85, 7.19, 7.27, 741, 8.06, 8.47, 870, 9.01, 9.71, 1042, 11.24.
11.63, 12.82, 13.70, 14.71 u; MS (70eV) mle 194 (56), 193 (27),
178 (58). 177 (38)., 164 (29), 140 (39), 120 (58), 118 (99), 116 (100).
High resolution MS: Calc. for C,H, Bry: mle 353.962: Found:
mie 353962,

1.1 - Dimethyl - 2 - (1 - naphthyl)cyclopropane. Zn/Cu couple
was prepared using the procedure of Hennison and Shechan
Zn dust (2.0g. 15 mmol) was washed with successive 2 x 10 ml.
portions of the following: 10% HCI, water, 3% CuSO, aq, water,
95% EtOH, abs EtOH. anhyd ether. The black couple was added
to 1.26g (3.55mmol) 1.3 - dibromo - 3 - methyl - 1 - (] -
naphthyllbutane in 60 mL anhyd ether and refluxed for 4.5 days,
monitoring by thc. Maximum reaction was reached after 2 days.
After filtration, the soln was washed with 10% HCl and water,
dried, and concentrated in vacwo. The product was chromato-
graphed on a 2.54x 52cm silica gel column, slurry packed in
hexane. Elution with hexane gave a single mobile band contain-
ing 0.228g (1.16 mmol, 32.8%) of 1.1 - dimethyl - 2 - (I -
naphthyl)cyclopropane. There were no other identifiable
products. An analytical sample was purified by prepanative vpc.
The spectral data follow: NMR (CCl) r 192-2.08 (m, 1 H,
naphthyl), 2.22-2.93 (m, 6 H. naphthyl), 7.86 (broad t, } = 7 Hz,
t H. cyclopropyl), 8.55 (s. 3H, CH,), 9.04-9.16 (m, 2 H, cyclo-
propyl), 9.33 (s, 1H, CH,); IR (film) 3.27, 3.28, 3.3}, 3.39, 3.4,
3.48, 3.66 (w), 5.18 (w), 5.51 (w), 6.25, 6.31, 6.59, 6.87. 7.12, 7.25,
130, 7.46, .66, 71.97, 8.23, 8.62, 8.89, 9.09, 9.43, 9.66, 9.80, 9.90,
10.36, 10.53, 10.73, 10.99, 11.63, 12.20, 12.50, 1282, 13.70, 149 u;
MS (70eV) mle 196 (75), 18] (87), 166 (48), 165 (71), 153 (100),
141 (251 UV (EtOH) A,,, 278 (e 4780), 288, (5560), 316 (380).
High resolution MS: Calc. for C)sH,,. 196.125; found, 196.125.
{Found: C, 91.85, H, 8.39. Calc. for C;sH,: C.91.78; H, 8.2%).

Exploratory photolysis of 3 - methyl - 3 - (1 - naphthyl) - 1 -
buteme. A soln of 99.0mg 3 - methyl - 3 . (1 - naphthyl) - | -
butene in 145 mL t-BuOH was degassed with vanadous-purified
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N; for 80 min, then irradiated for 122 min through a 1-mem Corex
fiter using a Hanovia 450-W medium pressure lamp in a quartz
immersion well. Solvent removal in cacko gave 84.0 mg of yel-
low viscous residue which was chromatographed ona 1 x 112cm
silica gel column, slurry packed in hexane. Elution with hexane
gave the folowing chromatogram (10 mL fractions): fraction 1-10,
nil; 11, 2.0 mg, unidentified; 12, 7.5 mg starting material plus trace
of 1,1 - dimethyl - 2 - (1 - naphthylxyclopropane; 13-15, 38.8 mg,
starting material and 2 - methyl - 4 - (1 - naphthyl) - 1 - butene;
16-17, 104 eng of 2 - methyl - 4 - (1 - naphthyl) - | - butene.

Exploratory photolysis of 1,1 - dimethyl - 2 - (1 - naphthyl) -
cyclopropare. A soln of 28.0 mg of the cyclopropane in 40 mL of
t-BuOH was degassed with vanadous-purified N, for 1.0 hr, then
irradiated for 2.0 br with a GTE-Sylvania 100-W mercury lamp in
s small quartz immersion well. Concentration in vacuo gave
33.0 mg of residue which by NMR showed 45% coaversion of the
cyclopropane t0 2 - methyl - 4 - (1 - naphthyl) - 1 - buteoe. There
were no other major products.

Photolysis equipment and proeedure for quantum yield deter-
mination. Quantum yield irradiations were performed using a
microbench apparatus similar to one previously described * Light
from an Osram HBO 200-W high-pressure mercury lamp was
passed through a Bausch and Lomb Model 22-86-79 high-in-
tensity monochromator set at 282 nm for direct irradiation and
334 nm for sensitized wradiations. The monochromator entrance
slit was set at S.4mm and the exit slit at 3.0mm, giving a
bandpass of 20 nm at half-peak height. For direct irradiations,
counts from the photomultiplier behind the sample cell were
ignored due to the intense fluorescence of the 3 - methyl - 3- (1 -
naphthyl) - 1 - butene, the concentrations of which were
adequate to absorb > 99% of the incident light. Actinometry was
performed using a previously described electronic actinometer’
calibrated by ferrioxalate actinometry.*

Solns used t-BuOH as solvent and were degassed 1.0 hr prior
to and during pbotolysis using deoxygenated nitrogen. Cells of
30 mL volume were used. Workup consisted of concentration in
vacuo, followed by addition of an aliquot of a standard ethanolic
soln of bipbenyl and analysis by vpc as described above. The 3 -
methyl - 3 - (1 - naphthyl) - | - butene used was purified by
preparative vpc as described above.

All runs were Lo less than 1% conversion and may be taken as
kinetic. Only the expected cyclopropane photoproduct was
observed at these conversions.

Summary of quantum yield results for the direct irradiation of
3 - methyl - 3 - (1 - naphthyl) - | - butene. The procedure
described above was used. The data are listed as follows: starting
3 - methyl - 3 - (1 - naphthyl) - | - butene (mmol), light absorbed,
1.1 - dimethyl - 2 - (1 - naphthyl)kcyclopropane formed (mmol),
quantum yield of formation, percent coaversion.

Run 1.3 - Methyl - 3 - (1 - naphthyl) - | - butene (0.0984 mmol),
1.96 x 10" mEinstein, 1,1 - dimethyl - 2 - (1 - napbthyl)kyclo-
propane (7.44 x 10~ mmol), ® = 3.80 x 1072, 0.754%.

Run 2.3 - Methy! - 3 - (1 - naphthyl) - | - butene (0.154 mmol),
$.54x 107 mEinsteins, 1,1 - dimethyl - 2 - (1 - naphthyl)xyclo-
propane (2.01 x 10~ mmol), ¢ = 3.63x 1072, 0.131%.

Run 3.3 - Methyl - 3 - (1 - paphthyl) - 1 - butene (0.0694 mmol),
7.28x 107 mEinsteins, 1,1 - dimethyl - 2 - (1 - naphthyl)cyclo-
propanc (2.65 x 107 mmol), ® = 3.64 x 1072, 0.456%.

Summary of quantum yield results for the sensitized irradiation
of 3 - methyl - 3 - (1 - naphthyl) - 1 - butene. The procedure
described above was used. Xanthone was used as a scasitizer.
The data are listed as follows: starting 3 - methyl - 3 - (I -
naphthyllbutene (mmol), xanthone (mmol), light absorbed, 1.1 -
dimetbyl - 2 - (1 - naphthylkyclopropane formed (mmol), quan-
tum yield of formation, percent conversion.

Rur 1.3 - Methyl - 3 - (1 - naphthyl) - | - butene (0.0581 mmol),
xantbone (0.204 mmol), 1.79 x 107 mEinstein, 1,1 - dimethyl - 2 -
(1 - naphthyl)cyclopropane (2.15x 10~ mmol), ¢ = 1.20x10°%,
0.369%

"Run 2.3 Methyl - 3 - (1 - paphtbyl) - 1 - butene (0.0607 mmol),
xanthone (0.194 mmol), 8.36 x 10-* mEinstein, 1,1-dimethyl - 2 -
(1 - naphthyl)cyclopropane (1.05x 10~* mmol), ® =1.26x 10 2,
0.174%.

Run 3.3 - Methyl - 3 - (1 - naphthy!) - 1 - butene (0.0612 mmol),
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xanthone (0.205 mmol), 3.69 x 10-? mEinstein, 1,1 - dimethyi - 2 -
(1 - naphthyl)cyclopropane (3.22x 107 mmol), & =1.20x 1073,
0.526%.

Sensitized quantum yield

Control run. To ensure that only triplet energy was being
transferred from xanthone, 8 sensitized run was made at 8
lowered concentration of 3 - methyl - 3 - (I - oaphthyl) - | -
butene. The procedure described above was used, and the data
are listed as above.

3 - Methyl - 3 - (1 - naphthyl) - | - butene (0.018 mmol)
xanthooe (0.204 mmol), 7.85 x 10> mEinstein, 1,1 - dimethyl - 2 -
(1 - naphthylxyclopropane (8.65x107° mmol), & =1.10x 1672,
0.481%.

The quantum yield agrees with the previous runs to within
experimental error.

Sample preparation for fuorescence measurements and single
photon counting. Purified'>" methylcyclobexane and isopentane,
UV transparent and emission free, were used for fluorescence
and rate studies. 3 - Methyl - 3 - (1 - naphthyl) - | - butene was
purified by preparative vpc and analyzed as having > 99.95%
purnity by analytical vpc.

Methykcyclobexane-isopentane (4:1) was used as solvent; the
samples were prepared in 1-cm quartz cells and degassed by 15
frecze-pump-thaw cycles. The samples as prepared showed an
absorbance of 0.82 at 282nm; 0.87 is ideal for the present
apparatus.”

Fluorescence spectroscopy and magic multiplier determination.

Fluorescence measurements were taken on an Aminco-Kiers
spectrofuorimeter with a Hanovia 90 C-1 150-W xenon lamp.
The sample was prepared as noted above. The compound exhi-
bited an emission maximum at 338 am; the emission maximum
and curve shape were invariant over an excitation wavelength
range of 270-310 nm.

The magic multiplier'’ was determined by integrating the
emission curve intensities {rom both room temperature and low
temperature (77 K) experiments. Measurements in both cases
were with the sample suspended in a quartz Dewar; all in-
strumental factors were held constant. The magic multiplier
obtained was 1.12.

Rate measurements by single photon counting. The apparatus
and method used for the determination of fluorescence decay
rates have been described elsewhere.'™'* The sample was pre-
pared as described above and sealed. The sampling rate was less
than 5% of the flash lamp rate (2023 kHz) to ensure that few
double photons were collected. Deconvolution of the measured
fluorescence intensity vs time curves for the (amp-fiash and the
sample gave the measured rates.

In view of the small magic multiplier, all runs were made at
room temperature. Variation of the excilation wavelength (260-
300 nm) and emission wavelength monitored (320-360 am) gave
Ifetimes which agreed to within experimental error. The maxi-
mum A-value (rato of area mismatch between the experimental
and computer calculated decay curves to the area under the
experimental curve) for any run was 3.7%; an A-value of less
than 5% is considered to indicate a good fit of the calculated to
the experimental decay curves.'

Twelve runs at different combinations of excitation and emis-
sion wavelengths gave an average rate of decay of 1.59x 107s"'
(standard deviation = 0.03x 10"s™"), an average life-time of
629 ns (standard deviation = 1.2 ns), and an average A-value of
3.08%.
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