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Abstract: Photoremovable protecting groups based on intramolecular electron transfer have been synthesized
and studied. One molecule containbl A-dimethylaniline chromophore covalently linked to a phenacyl ester

of acetic acid. UV photolysis of this molecule results in the release of acetic acid. Laser flash photolysis
experiments show that photolysis creates an intramolecular charge-transfer state that has a lifetime of
approximately 500 ns. This charge-transfer state partitions between a bond scission pathway leading to
elimination of acetic acid and a charge-recombination pathway leading back to ground-state reactants. An
analogous system, using an anthracene chromophore, was also synthesized. This did not release the carboxylic
acid upon UV photolysis. Instead, laser flash photolysis experiments showed rapid formation of an anthracene-

localized triplet excited state.

Technological advances in areas such as photolithographicshowed that irradiation of an excited-state electron donor

fabrication of DNA-chip sensors;® photomodulation of cellular
functions®~° and time-resolved X-ray crystallogragfyhave

molecule (sensitizer) in the presence of a phenacyl ester could
effect release of the corresponding carboxylic acid in excellent

increased demand for photoremovable protecting groups (PRPGs)solated yields. The initial photochemical step leading to release
with improved properties. Recent advances include new PRPGsis one-electron transfer from the excited sensitizer molecule to

based on phenacyl photochemis#¥y,!2 benzophenone photo-
chemistry!* and coherent two-photon absorptitm.

In previous work we identified a novel approach based on
photochemically induced electron transfért® Specifically, we
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the phenacyl group. It was further demonstrated that the
wavelengths required to initiate release could be controlled
through judicious choice of the sensitizer. For example, 2-ami-
noanthracence allowed for photorelease with visibléq0 nm)
light.18 Thus this approach allows for modular design of PRPGs
where the light-absorption step and the bond-breaking step can
be optimized separately. In the previous examples the sensitizer
was included as a separate additive. Therefore, the rate (and
thus quantum yield) of photorelease is limited by the probability
of encounter between the electronically excited sensitizer and
the phenacyl ester substrate.

Although the two-component approach may be desirable in
certain applications, we also anticipated a need for a single-
component PRPG. For example, when photorelease in vivo is
desired it may not be possible to introduce both the sensitizer
and masked molecule in sufficiently high concentrations to effect
photorelease in reasonable exposure times. Complex matrixes
might also contain other redox-sensitive molecules, which would
also be susceptible to undesired electron transfer from the
sensitizer. For these reasons we have begun to examine
covalently linked electron donefacceptor systems that are
designed to release carboxylic acids upon absorption of a photon.
There are several challenges in designing such systems. First,
the photolysis must lead to efficient charge separation. Second,
the charge-separated state should be sufficiently energetic to
break the desired bond. Third, this bond-breaking event must
occur more rapidly than the competing back electron-transfer
processes.

Compoundsla and 2a (Chart 1) were prepared, and their
photochemical and photophysical behaviors insCN were
examined. The dimethylaniline-based systdm) Guccessfully
releases acetic acid upon photolysis. Laser flash photolysis (LFP)
experiments show that the desired charge-transfer state is
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bromoacetyl)benzoic aci@)was combined with sodium acetate
to give 4-@-acetoxyacetyl)benzoic acidd)( The latter was
coupled with either 3-hydroxymethii;N-dimethylaniline 6 in
the case ofla) or 9-hydroxymethylanthracen®,(in the case
of 2a) usingN,N-dicyclohexylcarbodiimide (DCC) to give the
linked systems. Two model compounds and2b, were also
synthesized by coupling 4-acetylbenzoic acidwith the
corresponding alcohol$ (or 6). Model compounddb and2b
were designed to undergo the same electron-transfer reaction
as la and 2a, but were incapable of releasing a carboxylate
anion.

The UV absorption spectrum dfa corresponds to the sum
of the spectra of the two chromophores in this linked system,
namely theN,N-dimethylaniline group and the 4-carboxy-
acetophenone group. This is illustrated in Figure 1, which shows
the spectrum fofla along with that for two molecular models
for the isolated chromophores, }( N-dimethyl)benzyl alcohol
5 and 4-carbomethoxyphenacyl acet8teThe singlet energy
of the chromophores is estimated from the absorption onset of
the two models. Fdb this is 335 nm, corresponding to an energy
of 84 kcal/mol for the aniline antenna. F8rthis corresponds
to 315 nm or 91 kcal/mol. Thus, the first excited singlet state
(S1) of lais considered to be localized on the antenna group
and the next highest singlet excited statg) (S considered to
be localized on the acetophenone group. This is illustrated in
Figure 2 along with the projected triplet energies of the
individual chromophores. The latter were estimated from
available literature data fo¥,N-dimethylaniline and acetophe-
none?* The two triplet states are very close in energy (ca. 1

scission, which is somewhat slower in the linked system than kcal/mol). Thus it is not certain which chromophore possesses
it is in the parent phenacyl! system. The anthracene-based systenthe lower energy triplet state.

2a shows no release of the carboxylate anion, even after

prolonged irradiation. This is attributed to efficient formation
of an anthracene-based excited triplet stafé ( see Scheme
3, below) through efficient back electron transfer.

Results and Discussion

The linked donotacceptor compoundda and 2a were
synthesized via the routes depicted in Scheme 1. In brief; 4-(

Also shown in Figure 2a is the energy level of the charge-
transfer state (CT depicted 44 in Scheme 2) resulting from

(20) Zhang, X.; Yeh, S.-R.; Hong, S.; Freccero, M.; Albini, A.; Falvey,
D. E.; Mariano, P. SJ. Am. Chem. S0d.994 116, 4211-4220.

(21) Lutz, H.; Bréneret, E.; Lindqvist, L.J. Phys. Chenll973 77, 1758
1762.

(22) CompoundLb is photolyzed, but much more slowly thdm. Its
decomposition rate is therefore assumed to be negligible relative to the rate
of back electron transfer.
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Figure 1. UV-vis absorption spectra (GBN) for model chro-
mophores and8 (panel A, solid and dashed lines, respectively) and
linked PRPGLla (panel B).

electron-transfer from the aniline chromophore to the acetophe-
none chromophore. This energy was calculated from eq 1 using
the literature oxidation potential df,N-dimethylaniline Eoy)

and the reduction potentidkq) 4-carbomethoxyacetophenone
9. We measured the latter asl.58 V [vs saturated calomel
electrode (SCE)] using cyclic voltammetry.

)

Figure 2b shows the corresponding potential energy diagram
for 2a, which was constructed in the same way as thatlfor
The energies of Sand T; were estimated from energies of the

AG, = 23.06€,, — E..)
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e
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Figure 2. State energy level diagram for linked aniline-phenacyl
compoundsl (A) and linked anthracene-phenacyl compou2d®).

corresponding excited states of 9-methylanthracene. The ac-
etophenone-localized excited states 48d T,) were consider-
ably higher in energy. Fo2a the charge-transfer stat&é4 in
Scheme 3) is higher in energy than The significance of this

will become apparent below.

The photochemical behavior of the linked systems is sum-
marized in Schemes 2 and 3. Photolysis of these molecules
creates a dimethylaniline- or anthracene-localized singlet excited
state (9). The latter partition between fluorescence and forma-
tion of charge-transfer state$1(in the case ofl and14in the
case of2) through the process labelégd.

That electron transfer occurs upon excitation of the chro-
mophores inl and 2 can be inferred from two observations.
First, the free energy change for electron transfer from the
excited-state chromophores to the phenacyl group is calculated
to be exergonic+{35.3 kcal/mol forl and—15.9 kcal/mol for
2).16 Second, both linked systems show a substantial diminish-
ment of their fluorescence intensity relative to that of their parent
chromophores as illustrated in Table 1. The fluorescence yield
of 1ais only 11% compared with, and the fluorescence yield
of the model compoundb is only 9%. The fluorescence yield
of 2ais 4% relative to6, and the value for the model system
2b is 0.8%. The quantum efficiency of charge transfgrcan
be estimated using eq 2, where the second term is the ratio of
fluorescence intensities. The valuesggfare thus 0.89 foila,

0.91 forlb, 0.96 for2a, and 0.99 fo2b. In no case was exciplex
emission observed.

_ IIinked compound

| @)

parent chromophore
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Table 1. Relative Fluorescence Quantum Yieldis and of 3 x 10° s~* and the slower componeri,f to 8 x 10* s,
Charge-Transfer Quantum Efficiencigs for Linked For lathe reduced signal-to-noise and the increased complexity
Donor—Acceptor Compounds of the kinetic model reduces the accuracy of the fit parameters.
compound Dy et Thusk; for 1ais in fact indistinguishable fronk,,s for model
la 0.1 0.89 systemlb. The biphasic decay behavior fba can be attributed
1b 0.09 0.91 to the sequential decays of the charge-transfer sidia) @nd
5 1.00 n/a the diradical cation ¥2&), both of which absorb at that
2a 0.04 0.96 wavelength. Intermediatd2a arises from the €0 bond
2b 0.008 0.99 L .
6 1.00 n/a scission (pathway, in _Scheme 2). o
Photoproduct analysis also supports the mechanism in Scheme
*Relative to model compounél ® Relative to model compounél 2. Irradiation oflain CH3CN with a 350-W Xe lamp filtered

through a 320 nm cutoff filter gives GEO,H and the
byproductlb. QuantitativelH NMR analysis of the reaction
mixtures at moderate (70%) conversion shows that the car-
boxylic acid is formed in quantitative yield aridh in 85% yield
(based on consumed starting material). The identity of product
1b was also confirmed by gas chromatography/mass spectrom-
etry (GC/MS). It was noted that the vyields dfb were

a7

0.6

05+

044

=]
g significantly lower when the photolysis was performed to
02 complete conversion and/or when anhydrougsCN was used
as the solvent. The reduced yield at high conversion is most
o likely caused by secondary photolysis. In fact control experi-
0 ments onlb show that it decomposes upon photolysis, albeit
much more slowly thada The effect of trace amounts of water
R has not yet been fully exploréd.
Wavelength (nm) Trapping experiments show that the-O bond scission step
Figure 3. Transient absorption spectra obtained from LFP (308 nm, leading to deprotection is clearly due to the formation of the
50 mJ/pulse, 10 ns) dfa (filled squares)lb (open circles), an@a phenacyl-localized anion radical. When a similar photolysis of
(open diamonds) in Npurged CHCN. la was performed under 1 atm of,@a quencher of anion

radicals), no acetic acid was formed. However, several decom-
For 1a and 1b, electron transfer was verified further by the position products were detected.
observation of a charge-transfer state by LFP. Pulsed laser The quantum vyield for the decomposition bf, ®, was
photolysis (308 nm, 5680 mJ, 10 ns) oflaandlb gives the  determined to be 0.02. This is consistent with the observation
transient spectra shown in Figure 3. Immediately after the laser of a similar rate of decay for the model systéim (Kobs = Kpe
pulse, bands at 380, 480, and 580 nm are observed. The shouldesind 1a (k1 = kpet + kn).22 In other words, the decay of the
at 480 nm matches the well-characterized spectrum dithe charge-transfer state is dominated by the back electron transfer
dimethylaniline cation radic&f The peaks at 380 and 580 nm  giving unreacted starting material. From the quantum yield we
are assigned to the phenacyl-localized anion radical. Thesecan estimate rate of bond scissionkgs~ 1.3 x 1P s, The
assignments were confirmed by three further experiments. First,overall photolysis quantum vyieldP, is the product of the
addition of @ (a quencher of anion radicals) to the LFP solution quantum efficiencies of the charge-transfer sggp(eq 2), and
abolishes the absorbances at 380 and 580 nm, but leaves théne bond scission stepy, = ky/(k + koe). Given the assumption
peak at 480 nm. Second, the anion radica@efas generated  thatkpeis the same fotaand the nonreactive modéb, solving
independently by LFP. In this experiment a mixture Nyi\- eq 3 givesk, ~ 10° s,
dimethylaniline and 4-carbomethoxyacetophen@evas pho-
tolyzed. Similar transient absorption bands were detected in this Ky
experiment (data not shown). D =y k, + K, ®3)

Also considered was the possibility that the 380 and 580 nm ot

peaks were due to a phenacyl-localized triplet state. To test for  arlier success with a two-component, anthracene-sensitized
this, the triplet state of model compouRdwas generated by  deprotection system encouraged us to examine the corresponding
LFP (266 nm) of a CECN solution containing (but no electron  |inked systen?a However, in this case exhaustive irradiation
donor). This creates a transient absorption with a stiangat fails to produce detectable amounts of acetic acid. LFP studies
325 nm, a weaker shoulder at ca. 380 nm, and no absorption ingp poth2a (Figure 3) and2b show efficient formation of an
the 580 nm region (see Supporting Information). The spectrum gnthracene-localized triplet sta2&. LFP of 2a results in the
is similar to thos_e re_zported for the triplet state of acetophenone jjmediate €20 ns) appearance of transient absorption bands
and several derivativéd.The lack of a strong band at 325 nm ¢ 400 and 430 nm, which decayed in a first-order manner with
in linked systemlaand the lack of a 580 nm band in the triplet 5 |ifetime of 6us. Assignment of this transient species to the
spectrum of model compour@eads us to reject the possibility  gnthracene-localized triplet state is based on the similarity of
that significant amounts of the phenacyl-localized triplet state the observed spectral profile to that of the excited triplet state
is formed in the photolysis ofa and 1b. of anthracen® and the observation that is it quenched by O
The decay kinetics for the charge-transfer state of model  The anthracene-localized triplet state lies approximately 41
systemlb are fairly simple. The transient signals decay in a kcal/mol above the ground ste&placing it 18 kcal/mol lower
first-order fashion showing a rate constaky,§ of (6.0+ 0.5)
x 10° s°L. The esterla shows more complex behavior. For (2% Compton, R H.; Grattan, K. T.V.; Morrow, 7. Photocheml 980
example, the absorbance at 480 nm decays in a biexponential1 (24) Murov, S. L.; Carmichael, I.; Hug, G. IHandbook of Photochem-
fashion. The more rapid componekg)(fits to a rate constant istry, 2 ed.; Marcel Dekker: New York, 1993.
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0.09 These experiments with demonstrate the feasibility of
photoreleasable protecting groups based on linked denor
acceptor molecules. Through synthetically straightforward teth-
ering of the donor and acceptor molecules, charge-transfer state
lifetimes of several hundred nanoseconds can be achieved. These
lifetimes are comparable with bond scission rates for anion
radicals of phenacyl esters, and measurable amounts of bond
scission can be observed. The anthracene-based sy2ems,
demonstrate the importance of avoiding chromophores with
localized triplet states that are lower in energy than the charge-
transfer state. In that latter case, rapid nonradiative relaxation
via the triplet state will prevent the desired bond scission
) ) ) process. We are currently designing improved systems based
200 250 500 550 600 650 700 750 800 on these considerations.
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Figure 4. Transient absorption spectra obtained from LFP (355 nm, EXPerimental Section

4—10 mJ/pulse, 6 ns) of a mixture of compour&iand15in CH;CN General Procedures. Unless otherwise noted, materials were
taken at 200 (filled triangles), 350 (open squares), 600 (filled circles), optained from commercial suppliers and used without further purifica-
and 1000 (open triangles) ns after the excitation pulse. tion. Acetonitrile was distilled from Ca-inder N atmosphere through

. a vacuum-sealed column (30 cm) packed with glass helices. Tetrahy-
in energy than the charge-transfer state. The lack of photoprod-grofuran (THF) and ethyl ether (&) were distilled from sodium/
ucts and the rapid appearance of the aforementioned triplet stat&yenzophenone ketylH NMR spectra were run at either 200- or 400-
lead to the conclusion that charge-transfer sfiatés rapidly MHz NMR spectrometer’3C NMR spectra were run at 55.1 MHz.
deactivated to form the localized triplet statg) father than High-resolution mass spectrometry was performed using a VG 707e
bond scissionk). No signals attributable to charge-transfer state magnetic sector mass spectrometer. Electron ionization (El) and fast
14 were detected, but its formation is inferred from several facts. atom bombardment (FAB) were used alternately depending on com-
First, fluorescence fromSs substantially quenched relative ~Pound structure. U¥Visible Spectral were recorded in a 1-cm quartz
to the parent chromophore (Table 1). Second, the formation of cell by using a Perkin-Elmer Lambda 2S spectrometer._ Freshlydstllled
- . MeCN was used as the solvent for all the photophysical studies.
the charge-transfer state is calculated to be exothermic by 16

. . . . Laser Flash Photolysis.LFP experiments were performed using
kcal/mol (Figure 2b). Finally, experiments, described below, both an excimer laser and an Nd:YAG laser as the excitation source.

on unlinked analogues show that these chromophores arean oriel Cw 350-W Xe arc lamp was used as the probe light source.
competent toward photoinduced electron transfer. The excimer laser using Xe/HCI reagent gas in He buffer supplies 308
For comparison purposes we conducted LFP experiments onnm pulses of 10-ns duration. The Nd:YAG laser used was a Continuum
an analogous unlinked system, specifically, a mixture of 9,10- Surelite 1I-10 with 355 nm pulses of between 4- and 6-ns duration.
dimethylanthracen#&5 and 4-carbomethoxyphenacy! acetate Kinetic waveforms were captured using a LeCroy 9420 350-MHz digital
in CH:CN. This experiment produces the transient spectra shownoscilloscope. MATLAB 4.2 and LabView 5.0 software were used in
in Figure 4. The sharper peaks at 420 and 660 nm corresponcPrO‘;]eStfinghthe WaYeflocrjm data O?éa[i)’;e‘j- ﬁamp'?s for LFP were P;]eparzd
; ; i ; such that their optical densities at the excitation wavelength use
t© t-he Catlor-] radical -of 9,10-d|methylanthracem6. Thls (either 308 or 3%5 nm) were-2.5 cntt. All samples were plgced
assignment is based on a comparison with the literature

. . sealed quartz cuvettes, purged with (dr O, for control experiment)
spectrurf® and our observation that these signals are not affected for 15 min, and stirred continuously throughout the experiments.

significantly upon purging with @2_6 The broad peak at 580 Quantum Yields. The output from a 1000-W HgXe arc lamp was
nm is assigned to the anion radical of the 4-carbomethoxy- passed through a spectral Energy GM 252 monochromator set to 300
phenacyl acetat7. This assignment is based on the observation + 10 nm and directed onto a 1-cm quartz cell containing 3 miLaf
that the peak is quenched by @nd its similarity to the spectrum  in CHsCN (104 mol/L). Rates of linked ester disappearance were
of a similar species, namely 4-acetydphenoxyacetophenone  monitored after 0, 2, 4, 6, 10, 20, 30, and 60 min of photolysis and
anion radicaf’ No transient absorptions attributable to the triplet Wwere acquired from the peak areas obtained from the high-performance
state of anthracene were detected in this unlinked system. Théliquid chromatography (HPLC) analysis. The yield is an average from
formation of the anthracene-localized triplet state thus apparently ©0ur independent runs. Light intensities were measured using an
requires covalent linkage. Internaftlonal Light Research radlometer model II__ 1700.

Population of an excited triplet state through back electron Cyclic Voltammetry. All electrochemical experiments were con-

¢ fer i lativel Such ts h b ducted on a BAS-50 cyclic voltammetry (CV) with [BN][PF¢] as
ransier is a relatively raré occurrence. such events have been,, supporting electrolyte. In all experiments, the electrodes were a

seen in some photosynthetic models and more recently in acarhon working, platinum auxiliary, and Ag/AgClI reference. All CV
smaller linked system consisting of a piperdinylnaphthyl donor gata were taken after purging samples withitspectroscopic grade
group and a naphthalene diimide accepfom the aniline CH:CN, where the ferrocene/ferrocenium couple was found at 458 mV.
system,l, the corresponding 4-carboxyacetophenone-localized Scan speed for CV data were 100 mV/s.

triplet state is 18 kcal/mol higher in energy than the charge- Relative Fluorescence Quantum Yields Relative fluorescence
transfer state, making triplet formation energetically irrelevant guantum yields were measured using a Gilford Fluoro IV fluorimeter.
in this case. (There is also awN-dimethylaniline-localized Samples were prepared in sealegigNrged, quartz cuvettes. For cases

triplet state that is 19 kcal/mol above the charge-transfer state.)in Which relative intensities were compared, the concentrations of the
two solutions were adjusted such that they had identical optical densities

(25) Shida, T Electronic Absorption Spectra of Radical Iori&sevier: at the excitation wavelength or else the relative fluoresence yields were
Amsterdam, 1988. o ) corrected. Forla, 1b, and5 the excitation wavelength was 320 nm.
(26) Lee, K.; Falvey, D. E200Q Manuscript in preparation. For 2a, 2b, 9-methylanthracene, arf the excitation wavelength was

(27) Mathivanan, N.; Johnston, L. J.; Wayner, D. D. MPhys. Chem. 386
1995 99, 8190-8195. nm. _ _ _

(28) Wiederrecht, G. P.; Svec, W. A.; Wasielewski, M. R.; Galili, T.; Photoproduct Analysis. Preparative photolysis dfa and 2a was
Levanon, H.J. Am. Chem. Sod.999 121, 7726-7727. performed using a 350-W Xe arc lamp whose output was filtered
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through a 320 nm cutoff filter ila and a 395 nm cutoff filter irRa.
Solutions of 16-15 mg of the reactants were dissolved in 1.5 mL of
CDsCN which contained 0.5 equiv of hexamethyldisiloxane as an
internal standard. The sample solutions were purged witfThe yield

of released CECO,H was determined at various photolysis times by
IH NMR peak integrationq 1.98 ppm) relative to the starting material

Lee anddyal

4-Carbo-(9-anthrylmethoxy)phenacyl Acetate (2a)Compound?a
was prepared from 4efAcetoxyacetyl)benzoic acid4(0.70 g) and
9-hydroxymethylanthracene6)( using the procedure fofla. This
provides 0.36 g (30%) d?a as a dark yellow solid; mp 184186 °C;
IH NMR (CDCls) 6 2.18 (s, 3H), 5.25 (s, 2H), 6.41 (s, 2H), 7.54 (m,
4H), 7. 84 (d,J = 8 Hz, 2H), 8.05 (tJ = 9 Hz, 4H), 8.41 (dJ =9

(using the peak at 5.34 ppm) and the internal standard. Formation of Hz, 2H), 8.53 (s, 1H)**C NMR (CDCk) ¢ 191.8, 170.8, 165.7, 137.9,

1b from photolysis ofla was also quantified byH NMR through
integration of its peak at 2.59. The identity of this product was further
verified by GC/MS analysis of the photoproduct mixtures [Shimadzu
QP-5000 system with XTI-5, 30 M 5% phenyl column and electron-
impact mass spectrometry (EIMS) detectidif).was the only product
detected with this methodb was also isolated using preparative thin-
layer chromatograpy (TLC) in 60% yield from a preparative photolysis
of la

4-Carbo-(3-N,N-dimethylaminobenzyloxy)phenacyl acetate (1a).
Compoundla was prepared from 4defacetoxyacetyl)benzoic acidl
and 3-(\,N-dimethylamino)benzyl alcohd@. DCC (0.72 g, 3.15 mmol)
and4 (0.70 g, 3.15 mmol, see Supporting Information) were dissolved
in 7 mL of dry THF. After 15 min of stirring5 (0.52 g, 3.47 mmol,
see Supporting Information) and a catalytic amounigf(dimethyl-
amino)pyridine (DMAP) (38.5 mg, 0.32 mmol) were added to the
reaction flask. A yellow byproduct, dicyclohexylurea, began to
precipitate out after 1 h. The solution was allowed to stand at room

134.5, 131.4, 131.2, 130.2, 129.5, 129.2, 127.6, 126.8, 125.7, 125.2,
123.8, 66.1, 59.9, 20.5; HRMS (FAB) calcd fopeH2:05 [M + H]*
413.1389; found, 413.1414.

4-Carbo-(9-anthrylmethoxy)acetophenone (2b).Compound2b
was prepared fror and 4-acetylbenzoic acid@,(0.637 g, 3.89 mmol)
using the procedure fata. This provides 0.520 g (49%) ¢fb as a
yellow solid: mp 118-120 °C; * H NMR (CDCls) 6 2.57 (s, 3H),
6.41 (s, 2H), 7.52 (t) = 8 Hz, 2H), 7.59 (dJ = 8 Hz, 2H), 7.90 (d,
J =9 Hz, 2H), 8.05 (M, 4 H), 8.41 (d = 9 Hz, 2H), 8.53 (s, 1H)!3
C NMR (CDsCN) 0 197.5, 165.5, 140.3, 133.7, 131.4, 130. 9, 129.5,
129.3,129.0, 128.2, 126.8, 126.3, 125.3, 124.0, 59.6, 26.2; HRMS calcd
for Cy4H1503 354.1256; found, 354.1228.

4-Carbomethoxyphenacyl acetate (8).First 4-carbomethoxy-
acetophenoned] was prepared by combining GN; and 4-acetylben-
zoic acid7 (1.64 g) using Smissman’s proceddfelhis provides9
(1.69 g, 95%) as silky needles: mp-9g5 °C (lit>” mp 95.0-95.5
°C). Compound was then brominated using a published proceure

temperature for 48 h. The reaction was not complete at this point by to give a-bromo-4-(carbomethoxy)acetophenone as fine light orange

TLC, but a workup was performed. The precipitate was removed by
filtration, and filtrates were washed with saturated /8H and then

powder in 91% yield: mp 134136 °C; *H NMR (CDCls) 6 3.95 (s,
3H), 4.46 (s, 2H), 8.03 (d] = 9 Hz, 2H), 8.14 (d,) = 9 Hz, 2H);15C

water. The aqueous layer was extracted with ether. Organic layers WereNMR(CD3CN)(5191.3 165.8. 137.5. 134.5. 129.6. 128.8 52.1. 32.9:

combined, washed with water, and dried over MgSThe resulting

solution was concentrated under vacuum. Purification with flash column

HRMS calcd for GoHgO3"Br 255.9735; found, 255.9727. This latter
compound (0.64 g) was combined with NaOAc in absolute MeOH to

chromatography using 65:35 hexane/ethyl acetate solvent system gavegive 8 (see the preparation of in the Supporting Information).

laas a yellow solid (0.14 g, 21%); mp 888 °C; UV Amax (MeCN),
252 nm (loge = 4.45), 300 nm (log: = 3.48);'H NMR (CDsCN) ¢
2.13 (s, 3H), 2.91 (s, 6H), 5.29 (s, 2H), 5.34 (s, 2H), 6.73 (m, 2H),
6.82 (d,J =2 Hz, 1H), 7.21 (tJ = 8 Hz, 1H), 7.99 (dJ = 8 Hz, 2H),
8.12 (d,J = 8 Hz, 2H);3C NMR (CDCk) 6 191.9, 170.3, 165.4, 150.7,

Compund8 was obtained as white crystals (0.92 g, 64%): mp-150
152°C dec; UV @max MeCN), 248 nm (log = 4.20), 290 nm (log:
=3.11);2H NMR (CDCl) 6 2.21 (s, 3H), 3.94 (s, 3H), 5.32 (s, 2H),
7.94 (d,J = 9 Hz, 2H). 8.13 (dJ = 9 Hz, 2H);13C NMR (CDsCN)

6 1935, 171.0, 166.7, 138.4, 135.5, 130.6, 128.8, 67.3, 53.0, 20.6;

137.3, 136.3, 134.8, 130.1, 129.4, 127.7, 116.4, 112.5, 112.3, 67.9,13m5 calcd for GoHOs 236.0685. found, 236.0690.

66.1, 40.5, 20.5; HRMS (FAB) calcd for sH220sN [M + H]*
356.1498; found, 356.1518.
4-(Carbo-3-N,N-dimethylaminobenzyloxy)acetophenone (1b)A
solution of 3-,N-dimethylamino)benzyl alcoho§ in pyridine (2.63
mL) at 0°C was treated with 4-acetyl benzoyl chloride (0.6789 g, 3.72
mmol, see Supporting Information). The solution was heated 4€60
for 1 h 20min. The dark brown crude mixture was then poured into
20 mL H,0, and the aqueous solution was extracted with three 15-mL
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Supporting Information Available: H NMR spectra for

portions of ether. The organic layers were combined and washed with 1a, 1b, 2a, 2b, and8. Transient spectrum from direct excitation

10% aqueous HCI solution, saturated. NaHCeénd then HO. The

resulting solution was concentrated under vacuum. The resulting crude

brown oil was purified using flash column chromatography with 3:2

hexane/ethyl acetate as the elutant. A yellow oil was obtained which

solidified upon standing. 0.606 g, 62%; mp-632 °C; ‘H NMR
(CDClg) 6 2.62 (s, 3H), 2.95 (s, 6H), 5.32 (s, 2H), 6.77 (m, 3H), 7.23
(t, J = 8 Hz, 1H), 8.13 (dJ = 7 Hz, 2H), 8.15 (dJ = 7 Hz, 2H)*C
NMR (CDCls) 6 197.6, 165.6 150.7, 140.2, 136.4, 134.1, 129.9, 129.4,
128.2,116.4,112.5,112.3, 67.8, 40.5, 26.9; HRMS calcd fgi{gOsN
297.1365; found, 297.1360.
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