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Abstract

The metalation of chloro- and methoxy-substitutegt@phenone ketals with butyllithium
(BuLi) and with N,N,N’,N”,N"- pentamethyldiethylenetriamine-complexed butyllithiu
(BuLi/PMDTA) has been investigated. The lithio sigecthus generated were carboxylated to
benzoic acids. Lithiations with BuLi occurred reggtectivelyortho to the ketal substituent.
When using BuLi/PMDTA, a regiodivergent behaviorshgenerally been found in the

lithiations. However, in some cases a significaaledivity was observed, enabling the
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preparation of the main regioisomer, exhibitingeavrsubstitution pattern, with reasonable

yield.

Keywords

Metalation; Lithiation; Regioselectivity; Acetophame Ketals; Carboxylation

Introduction

In the course of our work in the field of medicirddemistry we became interested in the
preparation of various heterocycles accessible framio-functionalized benzaldehyde,
benzophenone and acetophenone precursors. Ouraappfor the synthesis of these key
intermediates is based on the well-knoavtho-directing ability of aromatic acetals and ketals
in lithiation reactions=* We have reported in detail on the synthesisrdtfio-functionalized
benzaldehyde and benzophenofederivatives by orthe-lithiation of the corresponding
ethylene ketals with butyllithium (BuLi) and subsegt treatment with electrophiles
(Scheme 1). Regioselectivities of the lithiatioragion of benzophenone ethylene ketals
exhibiting variously substituted phenyl rings wiBuLi complexed withN,N,N’,N”,N"-
pentamethyldiethylenetriamine (BuLi/PMDTA) werealavestigated.
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Scheme 10rtho-lithiation of acetophenone or benzophenone etleylertals and subsequent

transformation into various heterocycles



Regarding thertho-functionalization of acetophenone ketals, somdimpneary results were
previously disclosed: lithiation of 2-(4-chloroamd-methyl-1,3-dioxolanes1j with BuLi
followed by treatment with various electrophilevgahe expected produ@{Scheme 2.
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Scheme 2Lithiation of 2-(4-chloroaryl)-2-methyl-1,3-dioxatas () reported previously

We now report the extension of this work to new sétdies and to the lithiation of

acetophenone ketals with BuLi complexed with PMDTA.

Results and discussion
Ethylene ketal8a-d and3h are known from the literature (Scheme’3¥.Ketals3f and3g
were prepared starting from known acetophenonesobyentional methods. Compouf3é

was prepared b@-methylation of the corresponding phenol, which whtained as discussed

later.
Rl Rl | Cl
R’ ; Eg'z' R’ COOH o COOH
o > 0
/> 3.H", H,0 /> _©O
O O
3 4 5
34 R' R? Reaction conditions Yield (%)
a MeO H diethyl ether, 1.6 eq BulLi, 0 °C, 4 h 77
b Cl H THF, 1.6 eq BuLi, =78 °C, 2 h 74
c H MeO diethyl ether, 1.3 eq BulLi, 0 °C, 2 h no st
d H Cl THF, 1.6 eq BuLi, 0 °C, 2 h 81
e MeO Cl diethyl ether, 1.6 eq BulLi, 0 °C, 2 h 85
f Cl MeO THF, 1.6 eq BuLi, =78 °C, 2 h 59
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g MeO MeO diethyl ether, 1.5 eq BulLi, 0 °C, 1 { °53

h Cl Cl THF, 1.6 eq BuLi, =78 °C, 2 h 91

& Described in ref. 8.
®|solated as the corresponding ket&ne

¢ Acidification with citric acid instead of HCI.
Scheme 3Lithiation of acetophenone ethylene ketals with Buko theortho position of the
ketal moiety

Lithiation of compounds8a, 3e and3g (exhibiting a methoxy group in theetaposition to
the 1,3-dioxolan-2-yl group) with BuLi in diethytheer at O °C occurred at the commantho
position of the methoxy and ketal groups, as dematesl by the formation of the
corresponding carboxylic acidsafter treatment with dry ice (Scheme Byra-Methoxyketal
3c did not react with BuLi under the applied condigo Lithiation of themetachloroketals
3b and3f with BuLi was carried out at =78 °C in order to avoid theegation of benzynes
and subsequent treatment with dry ice gave beramiits4b and4f. In certain cases the ketal
moiety (especially those exhibiting a methoxy graughe para position of the 1,3-dioxolan-
2-yl group, e.g4f) partially hydrolyzed, when using aqueous hydrodhlacid in the course
of the work-up process. In such cases the hydwhysis completed and the corresponding
acetyl derivativeq) was prepared. In order to avoid hydrolysis of k&l moiety of product
49, aqueous citric acid solution was used for aadtion of the reaction mixture.

Next, lithiation of acetophenone ket&8svith PMDTA-complexed BuLi (a reagent frequently
used by Schlosser et al. for the lithiation of hale-adjacent site$)was studied in order to
find routes to acetophenone derivatives with newbs8tution patterns by achieving
alternative regiochemistry of the lithiation, comgxto BuLi. Lithiation of ketal8a and3b
with BuLi complexed to PMDTA, followed by carboxyian afforded a mixture of acidda,b
and4ab with low yield in a ratio of 68 : 32 in both cas@n accidental coincidence), as
indicated by the'H NMR spectroscopic analysis of the product mixt(8eheme 4). The
regioselectivity is likely to be influenced by rilee acidities and steric accessibilities of the
two positions. In both reactions, the starting matecould be isolated indicating an
incomplete lithiation. When longer reaction timesres applied, the total yield could not be
improved and the ratio of produ@sand4 did not change significantly, while more and more

unidentified decomposition products appear.
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3,4,6 R Reaction conditions Yield (%) 6:4
a MeO | diethyl ether, 1.6 eq BuLi/PMDTA, 0 °C, 25 min 22 68 : 32
b Cl THF, 1.6 eq BULi/PMDTA, -78 °C, 30 min 47 682 3

Scheme 4 Lithiation of metasubstituted acetophenone ethylene ketals with /BMDTA

leading to mixtures of regioisomers

Lithiation of para-methoxy substituted ket&@c with PMDTA-complexed Buli followed by
carboxylation afforded benzoic acidvith poor yield (20%) after acidic work-up (ScheBbje

Formation of the other regioisomer, indicating teeurrence of lithiatiorortho to the ketal
group, could not be detected in the crude produxtume. The yield of product could not be
improved by applying longer reaction times.

1. BuLi/PMDTA COOH
MeO diethyl ether, 0 C MeO
40 min
(@] >
2.CO, o)
o) 3. H, H,0
3c 7

Scheme 5Regioselectivdithiation of paramethoxy substituted ket8c with BuLi/PMDTA

Lithiation of para-chloro substituted kete8d with BuLi complexed to PMDTA occurred
exclusivelyortho to the chloro substituent as demonstrated bydhadtion of benzoic acié

in good vyield (70%, Scheme 6). Similar lithiatioh ketal 3d followed by reaction with
triisopropyl borate and hydrogen peroxide gave ph8mith 41% yield, which served as the
precursor for the synthesis of ke8a& In this case, BuLi/PMDTA promotes hydrogen-litmu

exchange at the most acidic site, i.e. adjacetitedalogen atori’
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Scheme 6Regioselectivdithiation of para-chloro substituted ket&d with BuLi/PMDTA

A high regioselectivity was also observed in thehidition reaction of chloro-methoxy
substituted ketal8e and 3f with BuLi/PMDTA. The metalation occurred mainly #ie
uncongested sitmetato the ketal group'H NMR spectroscopic analysis of the crude product
obtained after carboxylation indicated that onlyairamounts of acidde and4f (4 and 8%,
respectively) were formed beside the main prodd€®as and 10b (Scheme 7). The result
obtained with compoun8e is in accord with that observed with derivatBe& The influence

of the methoxy substituent on the chlorine adjas#etis negligible. The significantly more
effective lithiation at the methoxy adjacent site ammpound3f, when compared with

derivative3c, can be explained by the meta-acidifying effedhef chloro substituefit:®

1
R

1
R
2 1. BuLi/PMDTA 2 2
R 2.Co, R R COOH
3.H", H,0
HoOOC
o o] o]

3 10a (R' = MeO, R?= Cl) 4
10b (R =ClI, R?= MeO)

3,4 R' R? Reaction conditions Product | Yield (%)
e | MeO Cl THF, 1.6 eq BULi/PMDTA, -78 °C, 20 min 10a 60
f Cl MeO | THF, 1.6 eq BuLi/PMDTA, -78 °C, 1 h 10b 53

Scheme 7. Regioselective lithiation of chloro-methoxy substituted ketal3e,f with
BuLi/PMDTA

3,4-Dimethoxy substituted ket&g dissolved in diethyl ether was lithiated with PMBT
complexed BulLi at 0 °C for 30 mifH NMR spectroscopic analysis of the product mixture

(yield 34%) obtained after carboxylation and wogkaroved the presence of produtisand
6



4g in a 39: 61 ratio (Scheme 8). An authentic sangfleompoundll was prepared by
transformation of acetophenor® to ketal 13 using ethylene glycol in the presence of
trimethyl orthoformate angara-toluenesulfonic acid (PTSA), and subsequent cailation
via bromine-lithium exchange. Acetophenolb2 was prepared from the natural compound

acetovanillone via a bromination-methylation seqagf

oM OMe
OMe 1. BULi/PMDTA €
MeO diethyl ether, 0 C MeO COOH MeO
30 min
[ " (> 7 [
2. CO
N HoOC
o] 3.H, H,0 (¢} e}
3g 49 11

1. BuLi

2. CO,
3. H", H,0

OMe 1.) PhMe,N* Br, OMe ethylene glycol OMe
HC(OMe)
HO THF MeO 3 MeO
0 C, 15 min PTSA
> _
(@] o MTBE 0
2.) (CH;0),S0, Br rt, 24 h Br
K,CO, 0
acetovanillone acetone
reflux, 3 h 12 13

Scheme 8. Lithiation of 3,4-dimethoxy substituted ketalg with BuLi/PMDTA and
alternative synthesis of minor product

Treatment of 3,4-dichloro substituted ket with BuLi/PMDTA at O °C for 30 min
followed by carboxylation resulted in a complex tabe of benzoic acids, isolated in an
overall yield of 66% (Scheme 9). The results ol#dim our hands in the lithiation reactions
of ketal3h with BuLi and BuLi/PMDTA are in agreement with tegpectations based on the
analogous studies with 1,2- and 1,3-dichlorobenzétfighiation of 3,4-dichloroketaBh with
BuLi occurred at the commoartho position of the chloro and ketal groups (yieldtbé
carboxylated product 91%, see Schemé @)hile the main productl4 obtained with
BuLi/PMDTA indicated lithiation at the most acidimcongested site. In addition to the major
and minor dichloro derivatives4 and4h, chlorine-lithium exchange produdi® and8 were
also formed. Comparison of tHel NMR spectra of the authentic samples of the prtsiu
with that of the product mixture, the ratio of fw@ducts formed proved to id : 4h: 6b: 8

=61 : 18 : 11 : 10. A similar chlorine-lithium exaige reaction was observed in the



BuLi/PMDTA lithiation reaction of benzophenone HKstaontaining a 3,4-dichlorophenyl

ring.”
Cl
Cl
O/>
(0]
3h
1. BuLi/PMDTA 2.CO,
THF, -78 C 3. H+, HZO
Cl Cl Cl COOH
Cl Cl COOH HOOC Cl
[ [ > [y [
HOOC
(0] (0] (6] O
14 4h 6b 8

Scheme 9.Formation of regioisomers anchlorine-lithium exchange reactions observed
during the lithiation of 3,4-dichloro substitutedt&l 3h with BuLi/PMDTA

Conclusions

Ortho-functionalized acetophenones can serve as pdtensieursors of various heterocycles.
In the present study, chloro- and/or methoxy-stitsil acetophenone ketals were
synthesized and the regiochemistry of their liibmtwith BuLi and BuLi/PMDTA was
investigated. The lithiated intermediates were eotad into the corresponding benzoic acids
by trapping with carbon dioxide. Lithiations withuBi occurred regioselectivelgrtho to the
ketal substituent. Lithiations with BuLi/PMDTA affded product mixtures indicating that
metalation occurred at thmetaor para position to the ketal group, in chlorine- or metio
adjacent positions as well. The occurrence of amslithium exchange reactions was also
observed. Nevertheless, in some cases, the maiois@mer exhibiting a new substitution

pattern could be isolated in reasonable yield.

Experimental section

Melting points were determined on a Buichi 535 dapjlmelting point apparatus. IR spectra
were obtained on a Bruker IFS-113v FT spectromiat&Br pellets or in neatH NMR and
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13C NMR spectra were recorded on a Varian Gemini @@® and 50 MHz fotH and**C
NMR spectra, respectively), a Bruker Avance Il @4énd 100 MHz forrH and**C NMR
spectra, respectively) or a Varian Unity Inova 5p@ctrometer (500 and 125 MHz fot and
13C NMR spectra, respectively). CDGVas used as solvent and tetramethylsilane (TMS) as
internal standard. Chemical shifi§ @nd coupling constants)(are given in ppm and in Hz,
respectively. Elemental analyses were performedaoRerkin-Elmer 2400 analyzer. All
unspecified reagents were purchased from commesoatces. Analytical samples were
obtained by recrystallization from the solventssolvent mixtures given in parentheses after
the melting point ranges.

2-(4-Chloro-3-methoxyphenyl)-2-methyl-1,3-dioxolane(3e). To a mixture of potassium
tert-butoxide (11.5 g, 0.103 mol) and DMF (60 mL) 2arl5-(2-methyl-1,3-dioxolan-2-
yl)phenol @, 3.50 g, 16.3 mmol) was added at 0-5 °C underrargtier stirring for 10 min,
methyl iodide (6.4 mL, 14.6 g, 0.103 mol) was addédhe same temperature. The mixture
was stirred for 2 h at ambient temperature. Etlogtae (250 mL) and water (60 mL) were
added and the layers were separated. The orgayec Veas washed with aqueous sodium
hydrogencarbonate solution (5 w/w%, 80 mL) and wé&«200 mL), dried (MgS¢) and
evaporated to give produ8e (12.9 g, 88%) as a pale yellow solidp 61-62 °C (heptane).
IR (KBr, cmi): 3441, 2987, 2897, 1584, 1486, 1395, 1201, 1084. NMR (400 MHz,
CDCl3): 6 7.32 (1H, dJ=8.1 Hz), 7.06 (1H, dJ=1.8 Hz), 7.01 (1H, dd}=8.1 Hz,J=1.8 Hz),
4.05-4.03 (2H, m), 3.92 (3H, s), 3.80-3.78 (2H, hH4 (3H, s).*C NMR (125 MHz,
CDCl): 6 154.8, 143.6, 129.9, 121.8, 118.1, 109.2, 1084,66.1, 27.5. Anal. Calcd for
C11H15ClO3 (228.68): C 57.78, H 5.73, Cl 15.50%. Found: ®%7H 5.78, Cl 15.52%.
2-(3-Chloro-4-methoxyphenyl)-2-methyl-1,3-dioxolang(3f). A solution of 1-(3-chloro-4-
methoxyphenyl)ethanorfe(54.3 g, 0.294 mol), ethylene glycol (41.0 mL,645, 0.735 mol)
andp-toluenesulfonic acid monohydrate (1.00 g, 5.0 m)nmotoluene (440 mL) was refluxed
in a Dean-Stark apparatus for 35 h. The reactiotture was extracted with aqueous sodium
hydrogen carbonate solution (5 w/w%, 300 mL) andew#&300 mL), dried (MgS% and
evaporated resulting in a colorless oil, which tajiged by treating with petroleum ether to
give 3f (64.2 g, 96%) as a colorless solid, mp 42-43 %xhe). IR (KBr, cnT) 3049, 2992,
2894, 1499, 1380, 126¢H NMR (200 MHz, CDCJ): 6 7.48 (1H, dJ=2.2 Hz), 7.33 (1H, dd,
J=8.5 Hz,J=2.2 Hz), 6.88 (1H, d}=8.5 Hz), 4.06-3.99 (2H, m), 3.88 (3H, s), 3.81432H,
m), 1.62 (3H, s)*C NMR (125 MHz, CDG): § 154.5, 136.7, 127.3, 124.6, 122.1, 111.6,
108.1, 64.4, 56.1, 27.5. Anal. Calcd for:8,3ClO3; (228.68): C 57.77, H 5.73, ClI 15.50%.
Found: C 57.58, H 5.69, Cl 15.20%.



2-(3,4-Dimethoxyphenyl)-2-methyl-1,3-dioxolane (3g) A solution of commercially
available 1-(3,4-dimethoxyphenyl)ethanone (57.®M.816 mol), ethylene glycol (80.0 mL,
89.1 g, 1.44 mol) anpg-toluenesulfonic acid monohydrate (1.50 g, 7.5 mmotoluene (400
mL) was refluxed in a Dean-Stark apparatus for 3BHe reaction mixture was washed with
agueous sodium hydrogen carbonate solution (5 w/888,mL) and water (300 mL), dried
over MgSQ and the solvent was evaporated resulting a brodyrwbich was distilled in
vacuo (120-140 °C/0.2 Hgmm). Treatment of the tewylcolorless oil with hexane (150
mL) gave3qg (44.7 g, 62%) as a colorless solid, mp 48-50 %x&he). IR (KBr, cril): 2988,
2892, 1606, 1512, 1265, 103H NMR (400 MHz, CDCJ): § 7.04 (1H, dd,J=8.3 Hz,J=2.0
Hz), 7.01 (1H, dJ=1.8 Hz), 6.84 (1H, dJ=8.2 Hz), 4.06-3.98 (2H, m), 3.90 (3H, s), 3.87
(3H, s), 3.83-3.76 (2H, m), 1.66 (3H, §C NMR (125 MHz, CDGJ): 4 160.9, 148.6, 148.4,
135.8, 117.3, 110.58, 108.6, 108.4, 64.2, 55.75.2&nal. Calcd for GH1604 (224.26): C
64.27, H 7.19%. Found: C 64.01, H 7.03%.
2-Methoxy-6-(2-methyl-1,3-dioxolane-2-yl)benzoic ad (4a). To a solution of 2-(3-
methoxyphenyl)-2-methyl-1,3-dioxolahé3a, 21.5 g, 0.111 mol) in diethyl ether (180 mL),
BuLi (71 mL of a 2.5 M solution in hexane, 0.18 ks added at 0 °C under argon and the
mixture was stirred for 4 h at 0 °C. It was pouoedo a large excess of dry ice. After 1 h,
water (360 mL) was added, and the layers were aegghrThe aqueous layer was extracted
with diethyl ether (2x180 mL) and acidified withrramentrated hydrochloric acid (15 mL).
The crystalline product was filtered to gi#ta (20.3 g, 77%) as a colorless solid, mp 145-146
°C (hexanelethyl acetate 1:1). IR (KBr, &n 3175, 1735, 1695, 1470, 1301, 1276, 1217,
1027.'"H NMR (200 MHz, CDG)): ¢ 7.36 (1H, t,J=8.1 Hz), 7.14 (1H, dJ=8.1 Hz), 6.90
(1H, d, J=8.1 Hz), 4.07-4.00 (2H, m), 3.88 (3H, s), 3.82-3(ZH, m), 1.77 (3H, s)*°C
NMR: (125 MHz, CDCY): ¢ 173.3, 156.0, 142.2, 130.4, 121.3, 118.6, 11008.4. 64.3,
56.0, 27.5. Anal. Calcd for,gH140s5 (238.24): C 60.50, H 5.92%. Found: C 60.31, H %94
2-Chloro-6-(2-methyl-1,3-dioxolane-2-yl)benzoic adi (4b). To a solution of 2-(3-
chlorophenyl)-2-methyl-1,3-dioxolafe(3b, 19.9 g, 0.100 mol) in THF (100 mL), BuLi (100
mL of a 1.6 M solution in hexane, 0.16 mol) was edié&t —78 °C, under argon and the
mixture was stirred for 2 h at —78 °C. It was pauoato a large excess of dry ice. Water (100
mL) was added, and the layers were separated. dueoas layer was extracted with diethyl
ether (2x50 mL), acidified with an aqueous solutdmydrochloric acid (10 w/w%, 100 mL)
and extracted with diethyl ether (3x50 mL). Theamig phase was dried (MggQOand
concentrated. Trituration of the residue with hexgs0 mL) gavedb (18.0 g, 74%) as a
colorless solid, mp 124-126 °C (hexane/ethyl aeedat). IR (KBr, cr): 3175, 1743, 1438,
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1251, 1187'*H NMR (500 MHz, CDCJ): 6 7.48 (1H, ddJ=6.7 Hz,J=2.4 Hz), 7.39 (1H, dd,
J=7.9 Hz,J=2.4 Hz), 7.34 (1H, t)=7.3 Hz), 4.09-3.94 (2H, m), 3.87-3.72 (2H, m)61(3H,

s). *C NMR (125 MHz, CDG): § 172.6, 143.1, 130.9, 130.8, 130.4, 129.2, 12508,2,
64.4, 27.6. Anal. Calcd for 1¢H;,CIO, (242.66): C 54.45, H 4.57, Cl 14.61%. Found: C
54.67, H 4.62, Cl 14.38%.

3-Chloro-2-methoxy-6-(2-methyl-1,3-dioxolane-2-yl)bnzoic acid (4e)To a solution of 2-
(4-chloro-3-methyoxyphenyl)-2-methyl-1,3-dioxolaf8® 3.57 g, 15.6 mmol) in diethyl ether
(20 mL), BuLi (10 mL of a 2.5 M solution in hexar&, mmol) was added at 0 °C under
argon and the mixture was stirred for 2 hs at Olf@as poured onto a large excess of dry
ice. Water (80 mL) andert-butyl methyl ether (60 mL) were added and the fayeere
separated. The aqueous layer was extractedtevithutyl methyl ether (60 mL) and acidified
with concentrated hydrochloric acid to pH = 2 teeyie (3.62 g, 85%) as a colorless solid,
mp 133-134 °C (hexanelethyl acetate 5:3). IR (KiBm,"): 3220, 1740, 1490, 1374, 1253.
'H NMR (500 MHz, CDCJ): 6 11.23 (1H, br s), 7.41 (1H, d=8.4 Hz), 7.26 (1H, dJ=8.4
Hz), 4.08-4.00 (2H, m), 3.97 (3H, s), 3.82-3.75,(8Y), 1.75 (3H, s)**C NMR (125 MHz,
CDCly): 0 172.7, 152.7, 141.0, 131.4, 128.1, 127.5, 12318,0, 64.4, 62.2, 27.4. Anal. Calcd
for C12H13CIOs (272.69): C 52.86, H 4.81, Cl 13.00%. Found: ®%2H 4.89, Cl 13.18%.
6-Acetyl-2-chloro-3-methoxybenzoic acid (5)via 2-chloro-3-methoxy-6-(2-methyl-1,3-
dioxolane-2-yl)benzoic acid (4f)To a solution of 2-(3-chloro-4-methyoxyphenyl)-2-tmg-
1,3-dioxolane 3f, 3.57 g, 15.6 mmol) in THF (25 mL), BuLi (10 mL af2.5 M solution in
hexane, 25 mmol) was added at —78 °C, under argoosphere, stirred for 2 h at —78 °C. It
was poured onto a large excess of dry ice. Wate0 (L) andtert-butyl methyl ether (60
mL) were added, stirred for 10 min, and the layeese separated. The agueous layer was
extracted withtert-butyl methyl ether (40 mL) and acidified with ague solution of
hydrochloric acid (10 w/w%) to pH = 2. The aquetayer was extracted with ethyl acetate
(2x40 mL), the organic phase was dried (Mgbs@nd evaporated to afford partially
deketalized4f. In order to complete the hydrolysis of the ketatjueous solution of
hydrochloric acid (10 w/w%, 75 mL) was added andpsmsion was boiled for 2 h. After
cooling to room temperature, the product was fileand dried to givé (2.10 g, 59%) as a
colorless solid, mp 202—203 °C (diethyl ether/THE)3IR (KBr, cm®): 3045, 2951, 1744,
1650, 1562, 1279, 1240, 104H NMR (CDCk, 200 MHz)5 7.48 (1H, br s), 7.23 (1H, br s),
3.98 (3H, s), 1.91 (3H, s*C NMR (125 MHz, CDGJ): § 165.0, 157.2, 142.8, 120.8, 117.9,
103.7, 57.0, 26.7. Anal. Calcd fog¢ElgClO, (228.63): C 52.53, H 3.97, Cl 15.51%. Found: C
52.82, H 9.96, Cl 15.29%.
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2,3-Dimethoxy-6-(2-methyl-1,3-dioxolane-2-yl)benzoiacid (4g).To a solution of 2-(3,4-
dimethoxyphenyl)-2-methyl-1,3-dioxolan8g, 2.80 g, 12.5 mmol) in diethyl ether (15 mL),
BuLi (7.5 mL of a 2.5 M solution in hexane, 18.8 wiinwas added at O °C under argon and
stirred for 1 h at 0 °C. It was poured onto a laggeess of dry ice. Water (60 mL) was added,
and the layers were separated. The aqueous lageextraacted with diethyl ether (2x40 mL),
acidified with an aqueous solution of citric acD(w/w%). The precipitate was collected by
filtration and recrystallized from 2-propanol (18.)rto give4g (1.78 g, 53%) as a colorless
solid, mp 142-144 °C (2-propanol). IR (KBr, ©n3198, 2980, 1735, 1490, 1274, 1193.
'H NMR (CDCh, 200 MHz) 7.23 (1H, dJ=8.5 Hz), 6.94 (1H, d}=8.5 Hz), 4.03-3.99 (2H,
m), 3.91 (3H, s), 3.88 (3H, s), 3.81-3.77 (2H, nJ4 (3H, s)*C NMR (125 MHz, CDCJ):
0172.5, 152.2, 145.5, 133.2, 127.1, 122.3, 1138,3, 64.3, 61.7, 56.0, 27.7. Anal. Calcd
for Cy13H1605 (257.27): C 58.20, H 6.01%. Found: C 58.09, H %97

Lithiation of 2-(3-methyoxyphenyl)-2-methyl-1,3-dixolane (3a) with BuLi/PMDTA
leading to a mixture of 2-methoxy-6-(2-methyl-1,3-txolane-2-yl)benzoic acid (4a) and
2-methoxy-4-(2-methyl-1,3-dioxolane-2-yl)benzoic &t (6a). To a solution of PMDTA
(4.33 g, 25.0 mmol) in diethyl ether (15 mL), BUlLO mL of a 2.5 M solution in hexane, 25
mmol) was added at 0 °C, under argon. After styrfior 10 min, 2-(3-methyoxyphenyl)-2-
methyl-1,3-dioxolan€3a, 3.03 g, 15.6 mmol) in diethyl ether (10 mL) walsled at O °C. The
resulting solution was stirred for 25 min and itsyaoured onto a large excess of dry ice.
Water (100 mL) andert-butyl methyl ether (50 mL) were added, and theetaywere
separated. The aqueous layer was extractedtevithutyl methyl ether (50 mL) and acidified
with aqueous solution of hydrochloric acid (10 w/yé pH = 3. The resulting solution was
extracted with ethyl acetate (2x50 mL), dried (Mgb@nd evaporated. The residue was
triturated with hexane to give a 32 : 68 mixturet@mined byH NMR) of 4a and6a (0.83

0, 22%) as a yellow solid. An analytical sample2ahethoxy-4-(2-methyl-1,3-dioxolane-2-
yl)benzoic acid §a) was obtained by fractional crystallization of theduct mixture from
diethyl ether to givésa as a colorless solid, mp 101-102 °C (diethyl 8th& (KBr, cm™):
3281, 2993, 1724, 1612, 1410, 1334, 1202, 182NMR (500 MHz, CDC}): ¢ 8.14 (1H, d,
J=8.1 Hz), 7.26 (1H, dd]=8.1 Hz,J=1.5 Hz), 7.20 (1H, dJ=1.3 Hz), 4.10 (3H, s), 4.10-4.06
(2H, m), 3.80-3.77 (2H, m), 1.66 (3H, $fC NMR (125 MHz, CDGCJ): § 165.3, 158.1,
151.3, 133.8, 119.0, 117.0, 108.7, 108.2, 64.67,56(.3. Anal. Calcd for $GH1405 (238.24):

C 60.50, H 5.92%. Found: C 60.72, H 6.03%.

Lithiation of 2-(3-chlorophenyl)-2-methyl-1,3-dioxdane (3b) with BuLi/PMDTA leading

to a mixture of 2-chloro-6-(2-methyl-1,3-dioxolane2-yl)benzoic acid (4b) and 2-chloro-4-
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(2-methyl-1,3-dioxolane-2-yl)benzoic acid (6b)To a solution of PMDTA (4.61 g, 26.6
mmol) in THF (15 mL), BuLi (10 mL of a 2.5 M solot in hexane, 25 mmol) was added at —
78 °C, under argon. After stirring for 10 min, 2¢Blorophenyl)-2-methyl-1,3-dioxolan8l,
3.10 g, 15.6 mmol) in THF (15 mL) was added at 2Z8The resulting solution was stirred
for 30 min and it was poured onto a large excesdryfice. Water (100 mL) antrt-butyl
methyl ether (60 mL) were added and the layers wgemarated. The aqueous layer was
extracted withtert-butyl methyl ether (40 mL) and acidified with agus solution of
hydrochloric acid (10 w/w%) to pH = 3. The resuitisolution was extracted with ethyl
acetate (2x40 mL) and dried (Mgp@nd evaporated. The residue was triturated watahe

to give a 32:68 mixture (determined By NMR) of 4b and6b (1.78 g, 47%). An analytical
sample of 2-chloro-4-(2-methyl-1,3-dioxolane-2-@jzoic acid §b) was obtained by
fractional crystallization from heptane to gi®éd as a colorless solid, mp 112-113 °C
(heptane). IR (neat, ¢i): 2900, 1690, 1600, 1265, 1204, 1033.NMR (500 MHz, CDCJ):

5 8.66 (1H, br s), 8.00 (1H, d=8.1 Hz), 7.63 (1H, dJ=1.4 Hz), 7.47 (1H, dd)=8.1 Hz,
J=1.5 Hz), 4.09-4.06 (2H, m), 3.80-3.77 (2H, m)71(BH, s).**C NMR (125 MHz, CDGJ):

0 170.2, 149.7, 134.8, 132.6, 128.5, 127.8, 123@.9 64.7, 27.3. Anal. Calcd for
C11H1:CIO,4 (242.66): C 54.45, H 4.57, Cl 14.61%. Found: @34H 4.56, Cl 14.45%.
5-Acetyl-2-methoxybenzoic acid (7).To a solution of PMDTA (4.33 g, 25.0 mmol) in
diethyl ether (20 mL), BuLi (10 mL of a 2.5 M sdln in hexane, 25 mmol) was added at O
°C under argon. After 10 min, 2-(4-methyoxypherBdjnethyl-1,3-dioxolane3c, 3.03 g,
15.6 mmol) in diethyl ether (10 mL) was added te $olution at 0 °C, was stirred for 40 min
and was poured onto a large excess of dry ice. WaflemL) andtert-butyl methyl ether (60
mL) were added and the layers were separated. qieoas layer was extracted witrt-
butyl methyl ether (40 mL), acidified with conceatd hydrochloric acid to pH = 2 and
stirred at 40 °C for 120 min. After cooling it wastracted with ethyl acetate (2x80 mL),
dried (MgSQ) and evaporated. The solid residue was recryzstallio giver (0.60 g, 20%) as

a yellow solid, mp 156-157 °C (hexane/ethyl acefad, lit. mp 137 °C? 152 °C*¥ IR
(KBr, cm™): 3238, 1736, 1677, 1605, 1365, 1284.NMR (500 MHz, CDCJ): 6 10.53 (1H,

br s), 8.73 (1H, dJ=2.0 Hz), 8.24 (1H, dd}=8.8 Hz,J=2.1 Hz), 7.16 (1H, d}=8.8 Hz), 4.16
(3H, s), 2.63 (3H, s)*C NMR (125 MHz, CDGJ): 6 196.0, 165.7, 161.7, 134.8, 134.5, 131.0,
117.6, 112.0, 57.0, 26.4. Anal. Calcd foro1004 (194.19): C 61.85, H 5.19%. Found: C
61.75, H 5.10%.

2-Chloro-5-(2-methyl-1,3-dioxolane-2-yl)benzoic adi (8). To a solution of PMDTA (4.61
g, 26.6 mmol) in THF (15 mL), BuLi (10 mL of a 2\ solution in hexane, 25 mmol) was
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added at —78 °C under argon. After stirring for rhih, 2-(4-chlorophenyl)-2-methyl-1,3-
dioxolane 8d, 3.10 g, 15.6 mmol) in THF (5 mL) was added at 2Z8The resulting solution
was stirred for 60 min and it was poured onto gdagxcess of dry ice. Water (110 mL) and
tert-butyl methyl ether (60 mL) were added and the layegre separated. The aqueous layer
was extracted withert-butyl methyl ether (40 mL) and acidified with ague solution of
hydrochloric acid (10 w/w%) to pH = 3. The resultisolution was extracted with ethyl
acetate (3x40 mL), dried (MgQOand evaporated. The solid residue was triturated
hexane to give (2.63 g, 70%) as a yellow solid, mp 123-124 °C {heg/ethyl acetate 2:1).
IR (KBr, cmi™): 2987, 2893, 1693, 1308, 1266, 1204, 108BNMR (500 MHz, CDCJ): ¢
11.76 (1H, br s), 8.14 (1H, d=2.2 Hz), 7.61 (1H, dd)=8.3 Hz,J=2.2 Hz), 7.47 (1H, d,
J=8.3 Hz), 4.09-4.07 (2H, m), 3.81-3.78 (2H, m)71(BH, s).**C NMR (125 MHz, CDGJ):

0 170.6, 142.5, 134.1, 131.4, 130.5, 129.3, 12808.0, 64.6, 27.4. Anal. Calcd for
C11H1:CIO,4 (242.66): C 54.45, H 4.57, C, 14.61%. Found: GB4H 4.53, Cl 14.32%.
2-Chloro-5-(2-methyl-1,3-dioxolan-2-yl)phenol (9)To a solution of PMDTA (43.3 g, 0.250
mol) in THF (120 mL), BuLi (100 mL of a 2.5 M solan in hexane, 0.25 mol) was added at
—78 °C, under argon. After stirring for 10 min, £2¢hlorophenyl)-2-methyl-1,3-dioxolane
(3d, 31.0 g, 0.156 mol) in THF (30 mL) was added a8 =€ in 30 min. The resulting
solution was stirred for 30 min and triisopropylrése (47.2 g, 0.251 mol) in THF (30 mL)
was added dropwise to the solution at —78 °C ovegraod of 1 h. The solution was allowed
to warm up to room temperature, stirred for 30 ramd then cooled to 0 °C. At this
temperature aqueous solution of hydrogen peroxd8enfw%, 37.9 g, 0.390 mol) was added
dropwise to the solution. Then the solution wasmaed to room temperature, stirred for 1 h,
water (350 mL) was added and stirred for furthem860. The solution was neutralized with
concentrated hydrochloric acid. Ethyl acetate (280) was added and the layers were
separated. The aqueous layer was extracted witth atietate (160 mL), the organic layers
were combined and washed with water (2x300 mLEpdd{MgSQ) and evaporated. Water
(115 mL) and aqueous solution of sodium hydrox#®\/w%, 22.5 g) was added to the oily
residue. It was stirred for 15 min atedt-butyl methyl ether (115 mL) was added. After a 10-
min stirring, the layers were separated. The agapbase was extracted once more et
butyl methyl ether (60 mL) and the pH was adjuste&—7 with concentrated hydrochloric
acid. The resulting solid precipitation was filteyevashed with water and recrystallized from
heptane with activated charcoal treatment to §iv&3.8 g, 41%) as a pale yellow solid, mp
77-79 °C (heptane). IR (KBr, ¢m: 3335, 2896, 1596, 1413, 1300, 1212, 1020 NMR
(500 MHz, CDC}): 0 7.28 (1H, dJ=8.4 Hz), 7.16 (1H, dJ=1.4 Hz), 7.00 (1H, dd}=8.2 Hz,
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J=1.4 Hz), 5.79 (1H, s), 4.06-4.02 (2H, m), 3.8063ZH, m), 1.64 (3H, s)*C NMR (125
MHz, CDCk): ¢ 151.2, 144.3, 128.8, 119.3, 118.4, 113.4, 10&13%,87.3. Anal. Calcd for
C10H11CIO3 (214.65): C 55.96, H 5.17, Cl 16.52%. Found: C1L36H 5.20, Cl 16.59%.
2-Chloro-3-methoxy-5-(2-methyl-1,3-dioxolane-2-yl)bnzoic acid (10a).To a solution of
PMDTA (4.33 g, 25.0 mmol) in THF (20 mL), BuLi (0L of a 2.5 M solution in hexane, 25
mmol) was added at O °C under argon. After stirriftg 10 min, 2-(4-chloro-3-
methoxyphenyl)-2-methyl-1,3-dioxolan8g 3.57 g, 15.6 mmol) in THF (20 mL) was added
dropwise to the solution at —78 °C. The resultinfuton was stirred for 20 min and it was
poured onto a large excess of dry ice. Water (8Q amdtert-butyl methyl ether (60 mL)
were added, and the layers were separated. The@ws|leyer was extracted withrt-butyl
methyl ether (2x60 mL) and acidified with concetecahydrochloric acid to pH = 2. The
resulting solution was extracted with ethyl ace{@te40 mL), dried (MgS¢) and evaporated.
'H NMR analysis of the residue indicated the presasfccompound40aand4ein a 96 : 4
ratio. The solid residue was triturated with hexémeive 10a (2.53 g, 60%) as a colorless
solid, mp 150-151 °C (hexane/ethyl acetate 1:1)(KBr, cm™®): 3161, 1723, 1458, 1321,
1281, 1236, 1030'"H NMR (400 MHz, CDCJ): § 9.93 (1H, br s), 7.25 (1H, d=2.0 Hz),
7.26 (1H, dJ=1.9 Hz), 4.10-4.06 (2H, m), 3.96 (3H, s), 3.82837H, m), 1.67 (3H, s)>C
NMR (125 MHz, CDCJ): 6 170.6, 155.9, 143.3, 130.3, 122.3, 120.2, 11208,11, 64.6, 56.7,
27.5. Anal. Calcd for GH13CIOs (272.69): C 52.86, H 4.81, Cl 13.00%. Found: C%2H
4.87, Cl 12.75%.

3-Chloro-2-methoxy-5-(2-methyl-1,3-dioxolane-2-yl)bnzoic acid (10b).To a solution of
PMDTA (4.61 g, 26.6 mmol) in THF (15 mL), BuLi (0L of a 2.5 M solution in hexane, 25
mmol) was added at O °C under argon. After stirrifty 10 min, 2-(3-chloro-4-
methoxyphenyl)-2-methyl-1,3-dioxolan8f( 3.57 g, 15.6 mmol) in THF (15 mL) was added
dropwise to the solution at —78 °C. The resultiofutson was stirred for 1 h and it was
poured onto a large excess of dry ice. Water (1Q) and tert-butyl methyl ether (60 mL)
were added, and the layers were separated. The@ws|leyer was extracted withrt-butyl
methyl ether (40 mL) and acidified with aqueousugoh of hydrochloric acid (10 w/w%) to
pH = 3. Ethyl acetate (50 mL) was added and thesghavere separated. The aqueous layer
was extracted with ethyl acetate (2x40 mL), dridg$0,) and evaporatedH NMR analysis
of the residue indicated the presence of compoafbtsand4fin a 92 : 8 ratio. The residue
was crystallized from a mixture of diethyl etheddmexane to givd0b (2.47 g, 58%) as an
off-white solid, mp 128-130 °C (heptane/ethyl atets0:1). IR (neat, cm): 2890, 1675,
1475, 1255, 1201, 1037H NMR (500 MHz, CDCY): § 10.35 (1H, br s), 8.06 (1H, d=1.6
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Hz), 7.75 (1H, dJ)=1.6 Hz), 4.08-4.05 (2H, m), 4.03 (3H, s), 3.82932H, m), 1.64 (3H, s).
13C NMR (125 MHz, CDG)): ¢ 167.5, 155.3, 141.2, 132.5, 128.8, 128.0, 12403,7], 64.7,
62.3, 27.3. Anal. Calcd for 1H13ClOs (272.69): C 52.86, H 4.81, Cl 13.00%. Found: C
52.98, H 4.85, Cl 12.88%.

Lithiation of 2-(3,4-dimethoxyhenyl)-2-methyl-1,3-doxolane (3g) with BuLi/PMDTA
leading to a mixture of 2,3-dimethoxy-6-(2-methyl-B-dioxolane-2-yl)benzoic acid (49)
and 2,3-dimethoxy-5-(2-(methyl-1,3-dioxolane-2-yl@¥nzoic acid (11).To a solution of
PMDTA (4.61 g, 26.6 mmol) in diethyl ether (10 miBuyLi (10 mL of a 2.5 M solution in
hexane, 25 mmol) was added at 0 °C, under argoter Atirring for 10 min, 2-(3,4-
dimethoxyhenyl)-2-methyl-1,3-dioxolan8d, 3.50 g, 15.6 mmol) in THF (15 mL) was added
at 0 °C. The resulting solution was stirred form3id and it was poured onto a large excess of
dry ice. Water (100 mL) anirt-butyl methyl ether (50 mL) were added, and thelayere
separated. The aqueous layer was extractedtevithutyl methyl ether (40 mL) and acidified
with concentrated hydrochloric acid to pH = 3 amxtracted with ethyl acetate (3x50 mL).
Combined organic phases were dried (MgS&hd evaporated. Trituration with hexane gave
a pale yellow solid (1.43 g, 34%H NMR analysis of the residue indicated the presesfc
compoundd1 and4gin a 39 : 61 ratio.
2,3-Dimethoxy-5-(2-(methyl-1,3-dioxolane-2-yl)benzo acid (11), synthesis of an
authentic sample. Step A: 2-(3-Bromo-4,5-dimethoxyphenyl)-2-methyl-1,3-dioxiane
(13). A solution of 1-(3-bromo-4,5-dimethoxyphenyl)ethasts (12, 8.00 g, 30.9 mmol),
ethylene glycol (9.62 g, 0.155 mol), trimethyl mtbrmate (9.84 g, 92.7 mmol) améra-
toluenesulfonic acid monohydrate (0.24 g, 1.24 mnmolert-butyl methyl ether (40 mL) was
stirred at room temperature for 24 h. To the reactixture ethyl acetate (50 mL) was added.
The organic phase was washed with aqueous sodidnodwsn carbonate solution (5 w/w%,
25 mL), water (60 mL) and brine (25 mL). The orgaphase was dried over Mgga@nd the
solvent was evaporated to gii8 (9.09 g, 97%)as red-brown solid. An analytical sample
(1.00 g) was recrystallized from hexane to gh3(0.64 g) as an off-white solid, mp 98-99
°C (hexane). IR (KBr, cil): 2966, 2879, 1566, 1486, 1397, 1300, 1160, 1833\MR (400
MHz, CDCk): 6 7.26 (1H, dJ=1.9 Hz), 6.97 (1H, d}=1.9 Hz), 4.07-4.01 (2H, m), 3.85 (3H,
s), 3.88 (3H, s), 3.82-3.77 (2H, m), 1.63 (3H,'&% NMR (100 MHz, CDCJ): & 153.4,
145.8, 140.6, 121.5, 117.3, 108.8, 108.0, 64.%4,6886.1, 27.5. Anal. Calcd for;&H;5sBrO,
(303.15): C 47.54, H 4.99, Br 26.36%. Found: C @718 4.96, Br 25.93%Step B: 2,3-
Dimethoxy-5-(2-(methyl-1,3-dioxolane-2-yl)benzoicad (11).To a solution of 2-(3-bromo-
4,5-dimethoxyphenyl)-2-methyl-1,3-dioxolant3( 1.78 g, 5.9 mmol) in THF (10 mL), BulLi
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(4.0 mL of a 2.5 M solution in hexane, 9.4 mmol)swadded at —78 °C, under argon
atmosphere, stirred for 30 min at —78 °C, treatdith wry ice and left overnight at room
temperature. Water (50 ml) anert-butyl methyl ether (30 ml) were added, and thestay
were separated. The aqueous layer was extractéderitbutyl methyl ether (30 mL), and
then treated with an aqueous solution of hydroahlacid (10 w/w%) to pH = 3. The
resulting solution was extracted with ethyl acet{@e20 ml), dried (MgS@) and evaporated
to give11 (1.02 g, 65%) as an orange solid. The crude prodasttriturated with hexane to
give 11 (0.86 g, 55%) as a yellow solid. An analytical séen|0.83 g) was recrystallized from
hexane and ethyl acetate to g4 (0.61 g) as an off-white solid, mp 149-150 °C
(hexanelethyl acetate 1:1). IR (KBr, ©n 2983, 1679, 1488, 1400, 1330, 1278. NMR
(400 MHz, CDC}): 6 7.83 (1H, d,J=2.1 Hz), 7.29 (1H, dJ=1.9 Hz), 4.09-4.03 (2H, m), 4.08
(3H, s), 3.95 (3H, s), 3.82-3.76 (2H, m), 1.65 (3H*C NMR (100 MHz, CDGJ): § 165.6,
152.0, 147.7, 140.6, 121.9, 120.4, 114.5, 108.16,682.1, 56.2, 27.4. Anal. Calcd for
C13H1606 (268.27): C 58.20, H 6.01%. Found: C 58.12, H %97

Preparation of 2,3-dichloro-5-(2-methyl-1,3-dioxolae-2-yl)benzoic acid (14) from the
product mixture obtained by the lithiation of 2-(34-dichlorophenyl)-2-methyl-1,3-
dioxolane (3h) with BuLi/PMDTA. To a solution of PMDTA (4.61 g, 26.6 mmol) in THF
(15 mL), BuLi (10 mL of a 2.5 M solution in hexar#Zh mmol) was added at —78 °C, under
argon. After stirring for 10 min, 2-(3,4-dichloropinyl)-2-methyl-1,3-dioxolane3f, 3.67 g,
15.6 mmol) in THF (15 mL) was added dropwise to sksution at —78 °C. The resulting
solution was stirred for 30 min and it was pouretboa large excess of dry ice. Water (100
mL) and tert-butyl methyl ether (60 mL) were added, and thgeta were separated. The
agueous layer was extracted wittrt-butyl methyl ether (40 mL) and acidified with an
agueous solution of hydrochloric acid (10 w/iw%)pd = 3. The resulting solution was
extracted with ethyl acetate (3x50 mL), dried (Mghbénd evaporated to give a pale yellow
solid (2.86 g), which proved to be a mixture of gmunds 14, 4h, 6b, and 8 in a
61:18:11:10 ratio as determined ty NMR. Compoundséh, 6b, and 8 have been
isolated and characterized in the experiments thegstabove. An analytical sample of 2,3-
dichloro-5-(2-methyl-1,3-dioxolane-2-yl)benzoic @ci(14) was obtained by fractional
crystallization of the product mixture to giviet as an off-white solid, mp 140-141 °C
(heptane/ethyl acetate 10:1). IR (KBr, &n2994, 2886, 1709, 1435, 1232, 1054.NMR
(500 MHz, CDCY): d 7.94 (1H, d,J=2.0 Hz), 7.77 (1H, dJ=2.1 Hz), 4.09-4.06 (2H, m),
3.83-3.77 (2H, m), 1.64 (3H, SYC NMR (125 MHz, CDGJ): 6 170.2, 143.5, 134.9, 131.8,
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131.1, 127.1, 107.6, 64.8, 27.4. Anal. Calcd feiHz.Cl,O4 (277.11): C 47.68, H 3.64, CI
25.59%. Found: C 47.74, H 3.63, Cl 25.23%.
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