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Abstract—The title compound was prepared and irradiated under a variety of conditions to produce no change.
Irradiation in DMSO-d¢ and methanol-d; results in D incorporation into the o-{trimethylsilyl)methyl group.

Irradiation in 2-propanol results in photoreduction (¢ = 0.012) which could be quenched with dienes

(kyr = 4.5).

These results are taken to suggest a rapid, efficient, and reversible H- transfer with no detectable sily] transfer.

Hydrogen abstraction by n, 7* excited CO groups is a
particularly common photochemical reaction. We
wondered if this photochemical sigmatropic rearrange-
ment was limited to H- transfer. For a number of reasons
we considered the trimethylsilyl group as an attractive
possibility for such a transfer: the Si-O bond has a high
bond energy and there is a well-known preference for
Si-O bonds over S5i-C;' furthermore, silyl transfer is
known to occur in mass spectromety in the so-called
silyl-McLafferty rearrangement.” The similarity of the
McLafferty rearrangement and the Type II photoreaction
has often been referred to.”

Aryl ketones with ortho Me groups are noteworthy for
their very rapid and efficient H-transfer, a process ter-
med photoenolization.* * The efficiency is due, in large
measure, to the favorable, fixed geometry. On this basis
we looked for silyl transfer in o-[(trimethylsilyl)methyl]-
acetophenone, 1. The trimethylsilyl group could be in-
troduced syntheticaily by treatment of the dianion of
o-toluic acid with chlorotrimethylsilane. The silated acid
could then be converted to the ketone 1. Irradiation of 1
under a variety of conditions produced no observable
chemical change. Attempts to trap photoenol 2 or pho-
toenol ether 3 using dienophiles, deuterated solvents, or
0, under conditions known to be effective in trapping
other related structures* also resulted in no observable
reaction. The only successful trapping experiment utilized
a procedure of Wirz and Wagner' in which D was
incorporated into the o-methylene group on irradiation in
a solvent mixture of dimethylsulfoxide-d, and methanol-
d, with a quantum efficiency that was 90% of that of
o-methylacetophenone under the same conditions. The
process could be partially quenched (about 50%) by
addition of 1 M 2,5-dimethyl-2 4-hexadiene.

In general, when photoenols are trapped in Diels-

Alder reaction the product stereochemistry indicates that
only the (E)-isomer, e.g. 2 E), is trapped. Because of its
very rapid reversion to ketone the (Z)-photoenols are too
short-lived to be trapped except for the method of Wirz
and Wagner. This fact or the posibility that they are not
formed to a significant extent must explain the observed
stereoselectivity. Since no Diels-Alder trapping is
observed in the case of 1, this suggests that 2-(E) is not
forming in detectable amounts, or is not sufficiently
reactive.

Another approach to capturing photoenol inter-
mediates involves internal cyclization or nucleophilic
displacement as is illustrated in the top equation of
Scheme 2.° The second equation indicates that inclusion
of the trimethylsilyl group in the o-Me completely alters
the photochemistry. The products observed, 1 and 4, are
characteristic of the photochemistry of some phenacyl
chlorides without o-Me groups.” The simplest rational-
ization for these observations is the formation of
phenacyl radical from loss of a Cl atom, followed by H-
abstraction or rearrangement, (aryl migration), decar-
bonylation and then H- abstraction from solvent. These
results suggest either the absence of photoenolization or
an ineffective partitioning of photoenol to products vs
starting material.

Experiments were undertaken to characterize the
excited state involved in these processes. Irradiation of 1
in 2-propanol resulted in photoreduction (pinacol form
tion). This process was quite inefficient, quantum yield =
0.012. The inefficient photoreduction could be quenched
with 2,5-dimethyl-2,4-hexadiene. A normal linear Stern-
Volmer plot was obtained, the slope of which indicated
a very short triplet lifetime: k.7 =4.5. If quenching is
near diffusion control, that indicates a lifetime of about
I ns. A short triplet lifetime is also indicated by the low
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quantum yield for the Type II photoreaction, ¢ = 0.004,
for o-[trimethyl(silyl}-methyl]valerophenone, 5. Here the
competing H-abstraction is intramolecular. Complete
analysis of this quantum yield would require knowledge
of the distribution of rotational isomers in the excited
state.® Nonetheless, it seems safe to conclude that a
rapid photoenolization is competing withe the Type Il
reaction.

In summary, these results taken together suggest to us
the following events: Compound 1 undergoes an efficient,
rapid and reversible H atom transfer with no detectable
silyl transfer (formation of 3). The results of the trapping
experiments indicate that the initially formed biradical
does not extensively form the (E)-dienol, a conclusion
consistent with the results from the corresponding
chloroketone.

EXPERIMENTAL

All solvents used were of reagent or spectral quality. THF was
distilled over LAH and used promptly after distillation. t-BuOH
was distilled over Na.

'H-NMR spectra were recorded on a Varian T-60 spec-
trometer. IR spectra were recorded on a Perkin-Elmer 337 IR
Spectrophotometer. UV spectra were recorded on a Cary 14
Recording Spectrophotometer. Gas chromatography was per-
formed on a Perkin-Elmer 900 or Varian 1700 Gas Chromato-
graph using a 6’ 3% SE-30 column. Photochemical reactions were
performed using a Rayonet Photochemical Reactor equipped
with 3000 A lamps and quartz photolysis tubes. For all reactions,
except O, trapping experiments, the samples were flushed with
N,. Quantum yield data were obtained with a merry-go-round
device.

o-[(Trimethylsilylymethyl)benzoic acid. A soln of o-toluic acid
(20.0g, 0.147 mmole) in 50 mL of THF (anhyd) was added to a
stirred soln of lithium diisopropyl amide (0.294 mmole, prepared
by the addition of 108.7 mL of a 2.7 M soln of n-BuLi in hexanes
to 41.2 mL diisopropylamine (0.294 mmole) in 50 mL of anhyd
THF) under a N, with vigorous stirring. The resulting dianion of

o-toluic acid (deep red in color) was quenched by a dropwise
addition of chlorotrimethylsilane (distilled under N,, 18.6mlL,
146.8 mmole). The soln was allowed to stir for 15 min and then
poured over 400 mL water. Extraction with ether (3x 100 mL)
removed the neutral material (e.g. o-silylated products). The
aqueous layer was then acidified and extracted with ether (2
125 mL). The ether extracts were dried (MgSQ,) and the ether
evaporated. The crude acid was immediately converted to its
corresponding acid chioride.

o-[( Trimethylsilyl) methyl)benzoyl chloride. SOCl, (11.0mL,
0.147 mmole) was added to a soln of crude o-[(trimethyl-
sily)methyl]-benzoic acid from above and DMF (0.5mL) in
benzene (250 mL). The soln was refluxed for 6 hr and the ben-
zene evaporated. The resulting dark liquid was vacuum distilled
to give o-{(trimethylsilymethyllbenzoyl chloride (13.4g, 40%
overall yield from o-toluic acid). b.p. (1 mm Hg) 88-90°; 'H-NMR
(CCL) §=0.0ppm (s,9H); 2.62 (s,2H); 7.0-8.0 (m, 4H). (Found:
C, 57.99; H, 6.67. Calcd. for C,,H,CIOSi: C, 58.26; H, 6.66).

o-{(Trimethylsilylymethyllacetophenone, 1. A soln of MeMgl
(22.4 mmole, prepared from Mel (1.40 mL, 22.4 mmole) and Mg
filings (0.54g, 22.4 mmole) in 25 mL anhyd diethyl ether) was
added under N, to a stimed soln of o-[(trimethyl-
silyl)methyllbenzoy! chloride (4.80 g, 20.4 mmole) in 20 mL anhyd
ether at ~25°. The resulting soln was extracted with water
(2% 100 ml), the ether extract dried (MgSO,), and the ether
evaporated. The resulting dark liquid was vacuum distilled to
yield the pure 1 (1.8 g, 43% yield). bp (1 mm Hg) 90-93°; '"H NMR
{CCl) 6=00ppm (s,9H), -SiCH,);; 2.3ppm (s,3H), 24ppm
(s,2H), 6.9-7.9ppm (m,4H). IR (film) cm™ 1680 (s). uv (2-
propanol) A, 300 nm, € 2260; A,,, 248 am, ¢ 7710. (Found: C,
69.82; H, 9.00. Calc for C,,H,,05i: C, 69.84; H, 8.79).

o-{( Trimethylsilylymethyl)valerophenone, §, was prepared by
adding lithium dibutylcuprate (13.4 mmole, prepared under N, by
adding n-BuLi, 26.6 mmole, fo a stirred suspension of cuprous
bromide, 1.90¢, 13.4 mmole, in 20 mL anhyd ether) to a stirred
soln  of o-{(trimethylsily)methyllbenzoyl chloride (3.1g,
13.7 mmole) in 30 mL anhyd ether at - 5°. The soln was allowed
to warm to room temp and extracted with a sat NaHCO,aq and
dried (MgS0.,). After evaporation the residue was distilled to give
8, 1.5g (45%), bp 109-110° (2 mm), NMR (CCl,) & 0.00 (s,9H),



The photochemistry of o-[(trimethylsilymethyljacetophenone

0.75-1.90 (m, TH), 2.50 (s, 2H), 2.81 (t, 2H), 6.8-7.6 (m, 4H).
(Found C, 72.41, H, 9.91. Calc for C,sH,,0Si: C, 72.58; H,9.68) H,
9.91.

a-Chloro-o-{(trimethylsilyl)methyl)acetophenone  was  pre-
pared by adding t-butyl hypochlorite (0.87g, 7.40 mmole) to a
stirred soln of 1 (1.62g, 7.40 mmole) and a catalytic amount of
p-toluenesulfonic acid, Smg, in 10mL CCl,. The soln was
refluxed for 3 hr, washed with a 5% NaOH aq (2x S0 mL), and
dried (MgSO,). After removal of the solvent, the crude a-chloro-
o-{(trimethylsilyl)methyl}- acetophenone was purified for use in
the preparative GLC. NMR (CCl,) & 0.00 (s, 9H), 2.62 (s, 2H),
4.45 (s,2H), 7.02-7.84 (m,4H). UV (hexanes): A,,, 304nm, ¢
3210; Apas 253nm, € 9680; A, 248um, ¢ 9540 (shoulder).
(Found: C, 60.02; H, 7.02. Calc for C,,H,,08iCl: C, 59.85; H,
7.02).

Photolysis of o-[(trimethylsilyl)methyl)valerophenone. Two
photolysis tubes were charged with 2.0 mL solns of o-[(tri-
methylsilyl)methyljvalerophenone in t-BuOH (1.12x107* M and
1.37x 107* M, respectively. Hexadecane (60 mg) was added to
each sample. A 2.0mL soln of valerophenone in benzene (1.0 X
1072 M) was used as an actinometer. After irradiation for ca.
20hr the solns were analyzed via GLC for the loss of valero-
phenone. The sole product was identified as 1.

Photolysis of 1. A soln of 30mg 1 in 250 uL of a 50% mixture
of MeOH-d, and DmSO-d, was irradiated in a N, bubbled, sealed
NMR tube in parellel with an equimolar soln of o-methyl-
acetophenone. Loss of signal from the ortho positions was
monitored by NMR.

The photoreduction of 1 in 2-propanol was monitored by the
disappearance of the n, #* absorption band of 1 at A,,, =
300 nm. The irradiation was carried out with a 8.86 x 10~> M soln
of 1 in quartz tubes with various amonts of 2,5-dimethyl-2,4-
hexadiene.

1

Photolysis of a-chloro-o-{(trimethyisilyl)methyl)acetophenone,
6, A photolysis tube, charged with 10mL of a soln of 6 in
hexanes (1.09 x 102 M) was irradiated for ca. 22 br. The solvent
was evaporated and the residue separated by preparative GLC
which indicated only two major fractions. The two fractions
collected were analyzed via IR and 'H NMR (90 MHz, Varian
EM-390) and found to be o-{(trimethylsilyl)methyl]acetophenone
and o-{(trimethyl)silyl]-toluene and formed in a 2:1 ratio.
'HNMR o-{(trimethylsily)methyTlacetophenone same as des-
cribed before; o-[-trimethylsilymethyiltoluene: = 0.0ppm
(s,9H); 2.5 (s, 3H); 2.55 (s, 2H); 7.0-8.0 (m, 4H).
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