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Abstract: The irradiation of 3-alkenyloxy-5-hydroxybenzoic acid
derivatives 1a–d yields highly functionalized alkyloxyenone deriv-
atives when the reaction is carried out in the presence of acid. A
higher reactivity is observed for the corresponding 3-alkenyloxy-5-
hydroxybenzonitrile compounds 7a, b, which also react in neutral
reaction media. In the first step of the reaction, a [2+2] photocy-
cloaddition occurs. The following steps, leading to stable final prod-
ucts, need acid catalysis in the case of the substrates 1a–d. The
irradiation of the benzonitrile derivative 7b also furnishes the side
product 9, which results from a [2+3] photocycloaddition.

Key words: photochemistry, cycloaddition, arenes, acidic reaction
medium, herbicides

In contrast to their groundstate reactions, photochemical
reactions of aromatic compounds most frequently lead to
non-aromatic products. Cycloadditions of alkenes to pho-
tochemically excited aromatic compounds yield complex
polyfunctional molecules, which represent precious inter-
mediates for the organic synthesis. Depending on the dif-
ference of redox potentials of the two reaction partners
and the substitution pattern, [2+2], [2+3] or less frequent-
ly [2+4], cycloadducts can be obtained.1 Until recently,
organic chemists were particularly interested in the [2+3]
photocycloaddition (also known as meta-photocycloaddi-
tion) and its application to organic synthesis especially to
the total synthesis of natural products.2 Recent studies re-
veal that [2+2] photocycloadditions (also known as ortho-
photocycloaddition) frequently compete with [2+3] cy-
cloadditions.3 Earlier theoretic treatments showed that po-
lar transition states are involved in [2+2] as well as in
[2+3] photocycloadditions of alkenes to electronically ex-
cited aromatic compounds.4 More recently, theoretical re-
ports claim that rather unpolar diradical intermediates are
involved in these reactions.5

In many cases however, the products resulting from [2+2]
reactions were not fully characterized since they could
only be isolated as complex mixtures. [2+2] Cycloadducts
have been easily isolated when the olefinic or the aromatic
reaction partner possessed electron withdrawing substitu-
ents,6 and particularly with naphthalene derivatives as
starting material.7 Furthermore, the [2+2] photocycload-

dition seems to be more efficient when the CN group is
used instead of the COOR group as electron withdrawing
substituent.6h-j Indeed, 2-hydroxy and 4-hydroxybenzoni-
trile derivatives react more efficiently than the corre-
sponding hydroxybenzoic acid ones.

In connection with our interest in [2+2] photocycloaddi-
tion of alkenes to aromatic compounds, we have previous-
ly shown, that the intramolecular [2+2]
photocycloaddition of alkenes to aromatic compounds
can be favored in acidic media8,9 and derivatives of sali-
cylic acid could be transformed efficiently under these re-
action conditions.10 In this case, the initial intramolecular
photocycloaddition leads to unstable [2+2] adducts which
react via reversible thermal and photochemical rearrange-
ments. The acid was shown to catalyze a final step leading
to products of high stability.

In a preliminary communication, we recently reported a
new intramolecular [2+2] photocycloaddition of 3,5-dihy-
droxybenzoic acid derivatives.11 This reaction was also
favored by an acidic reaction media. In this article, we de-
scribe the influence of acidic conditions and the effect of
the electron withdrawing substituents on the photochemi-
cal reactivity of bichromophoric compounds derived from
3,5-dihydroxybenzoic acid and 3,5-dihydroxybenzoni-
trile.

We started our investigation with the irradiation of a solu-
tion of 3,5-dihydroxybenzoic acid derivative 1a in aceto-
nitrile or methanol at l = 254 nm (Scheme 1, Table 1). In
both cases, no significant conversion could be observed.
However, when sulfuric acid (6 ́  10–3 mol L–1) was added
to the solution in acetonitrile, the tricyclic product 2 could
be isolated in moderate yields (Scheme 1, Table 1, entries
1, 2). Unfortunately, the conversion rate was rather low.
We wondered if this unfavorable result could be due to the
presence of a free phenolic OH group in the substrate.
However, the protection of this functional group in 1b did
not significantly improve the results. Somewhat better re-
sults were obtained when the irradiation was carried out at
l = 300 nm (Table 1, entry 3).

When methanol was used as the solvent instead of aceto-
nitrile, the reaction and the conversion rate became more
efficient and the product yields increased significantly. In
this case, product 2 was transformed by acid catalyzed
methanolysis into the more stable bicyclic products 3 and
4 (Scheme 1, Table 1, entry 4). Under the optimized reac-
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tion conditions, compounds 1c and 1d could be similarly
transformed into 5 and 6 (Table 1 entries 5, 6). Structural
elucidation for the regioisomers 3 and 4 was carried out by
NMR spectroscopy (HMBC pulse sequence).

Interestingly, and in contrast to the photoreactivity of
3-alkenyloylanisol,8a-d the first step of the reaction, a
[2+2] photocycloaddition of the alkene moiety to the elec-
tronically excited aromatic part occurs with formation of
a bridged tetrahydropyran A rather than a tetrahydrofuran
B intermediate. This regioselectivity is similar to that ob-
served for the [2+2] photocycloaddition of alkenes to a,b-
unsaturated carbonyl compounds. The electron withdraw-
ing substituent is essential to overcome an unfavorable en-
tropic effect and activates the aromatic p system for the
[2+2] photocycloaddition. The former 5-hydroxy or meth-
oxy group is transformed by an acid-catalyzed reaction

into a carbonyl group of a vinyloguous ester function 2.
We also noted that the reaction became more efficient
when it was carried out in methanol as a protic solvent
(Table 1, entries 4–6). In this case, the more stable bicy-
clic products 3, 4, 5 and 6 were produced by acid-cata-
lyzed opening of the tetrahydropyran ring in A or 2.

The considerable increase of reactivity in the presence of
acid might be due to an efficient displacement of a revers-
ible [2+2] photocycloaddition as previously observed for
O-alkenyl resorcinol derivatives.8a-d The increase of the
electrophilic character of the ester group by protonation in
the excited state can also be envisaged. For these reasons,
and as noted above, we anticipated that the replacement of
the ester by a cyano substituent might increase the effi-
ciency of the [2+2] photocycloaddition process. Indeed,
irradiation of compound 7a in methanol even in absence
of acid furnished the tricyclic compound 8a in good yield
(Scheme 2, Table 2, entries 1, 2). It should also be noted
that the conversion was significantly higher than for the
corresponding benzoic ester derivative 1a. This result
confirms the higher reactivity of benzonitrile derivatives
with respect to their analogues in the benzoic acid series.
Similarly, compound 7b possessing a 4-methylpent-3-
enyl side chain, also yielded the corresponding tricyclic
ketone 9 (Table 2, entry 2).
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Table 1 Irradiation of 3,5-Dihydroxybenzoic Acid Derivatives 1a–d (Scheme 1) in the Presence of Acid (H2SO4, 6 ´ 10–3 mol L–1).

Entry Substrate Solvent R1 R2 Conversion 
(%)

Yielda

(%)
Wavelength of irradiation 
(l, nm)

1 1a CH3CN H H 50 2 47 254

2 1b CH3CN Me H 52 2 57 254

3 1b CH3CN Me H 57 2 65 300

4 1b CH3OH Me H 82 3 64, 4 16 300

5 1c CH3OH Me Me 100 5 38, 6 10 300

6 1d CH3OH H Me 100 5 48, 6 12 300

a Based on transformed starting material.
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When the reaction of 7a and 7b was carried out in the
presence of acid, the bicyclic products 10a, 11a, and 10b,
11b and 9 were isolated in higher yields (Table 2, entries
3, 4). The photochemical conversion was as fast as under
neutral reaction conditions.

The formation of products 8a, b, 10a, b and 11a, b can be
described by the same mechanism as in the case of 1a–d
(Scheme 3). After intramolecular [2+2] photocycloaddi-
tion in acetonitrile, ketonization of the enol or the eno-
lether, intermediate C, leads to the tricyclic vinyloguous
ester 8a, b.12 A further stabilization of the final products
occurred via methanolysis under acidic conditions. We
determined that this step is not photo-assisted as the meth-
anolysis of 8a carried out in the dark and in the presence
of acid yielded the corresponding 10a and 11a in similar
proportions.

Scheme 3

The unexpected formation of the tricyclic ketone 9 might
have resulted from an initial photochemical electron
transfer mechanism (PET)13 and C-C bond formation be-
tween the olefinic partner and the electronically excited
aromatic moiety leading to a biradical intermediate D.14

(D may also be a precursor of intermediate C.) Such an
addition of an alkene to a nitrile group would lead to inter-
mediate E possessing a cyclohexanedienone moiety and
an imine function. The final product 9 would then result
from tautomerization and hydrolysis. The electron trans-
fer is certainly favored by the trialkylsubstitution of the
double bond, which makes it more reductive.

The [2+2] photocycloaddition of 3,5-dihydroxybenzoni-
trile and 3,5-dihydroxybenzoic acid derivatives provides
an easy access to polyfunctional cyclohexanediones of
synthetic interest. Furthermore, compounds like 3, 4, 5
and 6 possess great interest in agrochemistry. They can be
considered as derivatives of 5-disubstituted 1,3-cyclohex-
anedione included in the central part of the leading struc-
ture of new herbicides (inhibitors of acetyl-CoA
carboxylase of monocotyledonous plants).15

The synthesis of the starting compounds 1a–d and 7a, b
requires a mono O-alkylation of 3,5-dihydroxybenzene
derivatives. For instance, in the case of methyl 3,5-dihy-
droxybenzoate, the selectivities of these reactions are low.
It seems that the mono O-alkylated compounds are more
reactive than their corresponding dihydroxy benzoic acid
derivatives. Therefore, isolated yields of the mono alky-
lated compounds are rather low and considerable amounts
of dialkylated products are also isolated as by products.16

However, monoacylation of 3,5-dihydroxybenzoic acid
(12) in aqueous medium can be very selective and effi-
cient,17 and compounds 1b and 1c have been prepared
from 13 as depicted in Scheme 4. Compound 14 was ob-
tained by dimethylation of 13 in basic conditions. The se-
lective deprotection of one phenolic function was carried
out by methanolysis of 14. The resulting phenol derivative
15 was alkylated with but-3-en-1-yl tosylate or 4-methyl-
pent-3-en-1-yl tosylate to yield 1b or 1c, respectively.
Alkylation of phenols with tosylates in the presence of
K2CO3 in DMF appeared to be the most efficient method
and the overall synthesis can be easily applied to the prep-
aration of 1b on a multigram scale.

Scheme 4

We have described a new intramolecular [2+2] photocy-
cloaddition type with 3-O-alkenyl-5-hydroxybenzoic acid
derivatives 1a–d and corresponding 3-O-alkenyl-5-hy-
droxybenzonitrile derivatives 7a, b. In the case of the ben-
zoic acid derivatives, the reaction must be carried out in
acidic media in order to be observed and to obtain stable
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Table 2 Irradiation of 3,5-Dihydroxybenzonitrile Derivatives 7a, b 
(Scheme 2) in MeOH as Solvent (l = 300 nm)

Entry Substrate R c (H2SO4) 
(mol L–1)

Conversion
(%)

Yielda

(%)

1 7a H 0 90 8a 62

2 7b Me 0 93 8b 39, 9 11

3 7a H 6.10–3 82 10a 48, 11a 
21

4 7b Me 6.10–3 90 10b 48, 11b 
16, 9 22

a Based on transformed starting material.
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polyfunctional final products. The initial [2+2] photocy-
cloaddition process is followed by acid catalyzed consec-
utive reactions. The benzonitrile derivatives are more
reactive and strained tricyclic products 8a, b could be iso-
lated in good yield, when the reaction was carried out in
methanol and in absence of acid. With benzonitrile 7b, we
also obtained the side product 9 involving the cyclization
of a biradical intermediate on the nitrile group.

1H and 13C NMR spectra were recorded with a Bruker AC 250 (250
MHz for 1H and 62 MHz for 13C) or Bruker DRX 500 (500 MHz for
1H and 126 MHz for 13C). Chemical shifts are given in ppm relative
to TMS as an internal standard. IR spectra were recorded with MI-
DAC Prospect IR (FTIR). MS spectra were recorded with JEOL D-
300. UV spectra were recorded with a UVKON 941 PLUS (KON-
TRON Instruments). Preparative chromatography was carried out
with Merck art 9385 Kieselgel 60. Irradiations of the solution were
carried out in quartz tubes (F= 1 cm), with a Rayonet apparatus
(model RPR-100) from the Southern New England Ultraviolet
Company. Solutions were degassed with Ar before irradiation.

Synthesis of Compounds 1a–d and 7a, b, General Procedure
The phenol (45 mmol) and the tosylate of the corresponding alkenol
(45 mmol) were dissolved in DMF (50 mL) followed by addition of
K2CO3 (15 g). In the case of the synthesis of 1a and 1d, 2 equiv (90
mmol) of methyl 3,5-dihydroxybenzoate were used. The mixture
was stirred at 80°C for about 3 h. Most of the DMF was evaporated
under reduced pressure and the residue was treated with H2O and
CH2Cl2. The aqueous phase was extracted with CH2Cl2. In the case
of the synthesis of 1a, b and 7a, b (mono alkylation of methyl 3,5-
dihydroxybenzoate or 3,5-dihydroxybenzonitrile18), the aqueous
phase was carefully acidified with concd HCl prior to extraction.
The combined organic phases were dried (MgSO4). After evapora-
tion of CH2Cl2, the residue was purified by flash chromatography
(EtOAc–petroleum ether).

Compound 1a
Yield: 47%; mp 63–64°C.

IR (KBr): n = 3412, 3083, 2950, 2880, 1694, 1614, 1501, 1451,
1325, 1260, 1159, 1051, 766 cm–1.
1H NMR (250 MHz, CDCl3): d = 7.19 (dd, 1H, J = 1.0, 2.5 Hz), 7.14
(dd, 1H, J = 1.0, 2.5 Hz), 6.64 (t, 1H, J = 2.5 Hz), 6.28 (br s, 1H),
5.88 (ddt, 1H, J = 10.5, 17.0, 6.5 Hz), 5.06–5.22 (m, 2H), 4.02 (t,
2H, J = 7 Hz), 3.90 (s, 3H), 2.54 (tq, 2H, J = 7.0, 1.0 Hz).
13C NMR (62 MHz, CDCl3): d= 167.3, 160.2, 157.0, 134.2, 131.8,
117.2, 109.3, 107.8, 107.3, 67.6, 52.4, 33.5.

MS (70eV): m/z (%) = 222 (61) [M+], 191 (26), 168 (100), 137 (94),
136 (52), 126 (29).

Anal. Calcd for C12H14O4 (222): C, 64.86; H, 6.31. Found: C, 64.67;
H, 6.77.

Compound 1b
Yield: 75%.

IR (film): n = 3081, 2951, 2843, 1723, 1599, 1439, 1327, 1238,
1161, 1061, 766 cm–1.
1H NMR (250 MHz, CDCl3): d = 7.18 (d, 2H, J = 2.5 Hz), 6.64 (t,
1H, J = 2.5 Hz), 5.80 (ddt, 1H, J = 10.5, 17.0, 6.5 Hz), 5.17 (dq, 1H,
J = 17.0, 1.5), 5.11 (dq, 1H, J = 10.5, 1.5 Hz), 4.04 (t, 2H, J = 7 Hz),
3.90 (s, 3H), 3.81 (s, 3H), 2.55 (dt, 2H, J = 1.5, 7.0 Hz).
13C NMR (62 MHz, CDCl3): d= 166.8, 160.6, 160.0, 134.2, 132.0,
117.1, 107.8, 107.2, 106.3, 67.5, 55.5, 52.2, 33.5.

MS (70eV): m/z (%) = 236 (67) [M+], 205 (24), 182 (100), 154 (38),
151 (45), 124 (21), 123 (22).

UV (c = 4.07 ´ 10–5 mol/L, MeCN): lmax, nm (e): 305 (3600), 250
(6600), 208 (39000).

Anal. Calcd for C13H16O4 (236): C, 66.10; H, 6.78. Found: C, 65.65;
H, 6.98.

Compound 1c
Yield: 64%.

IR (film): n = 2935, 1723, 1600, 1436, 1302, 1238, 1159, 1055, 767
cm–1.
1H NMR (250 MHz, CDCl3): d = 7.15–7.20 (m, 2H), 6.64 (t, 1H,
J = 2.5 Hz), 5.21 (t/sept, 1H, J = 7.0, 1.5 Hz), 3.95 (t, 2H, J = 7.0
Hz), 3.90 (s, 3H), 3.82 (s, 3H), 2.47 (q, slightly broaden, 2H, J = 7.0
Hz), 1.73 (s, slightly broaden, 3H), 1.66 (s, slightly broaden, 3H).
13C NMR (62 MHz, CDCl3): d= 166.9, 160.6, 160.1, 134.5, 132.0,
119.4, 107.8, 107.1, 106.2, 68.0, 55.5, 52.1, 28.1, 25.7, 17.8.

MS (70eV): m/z (%) = 264 (15) [M+], 233 (12), 183 (100), 182 (73),
151 (37), 135 (10), 123 (13).

HRMS: calcd for (C15H20O4): 264.1362. Found: 264.1364.

Compound 1d
Yield: 42%; mp 73–74°C.

IR (KBr): n = 3433, 3074, 2986, 2932, 2878, 1698, 1611, 1501,
1451, 1346, 1258, 1150, 1047, 764 cm–1.
1H NMR (250 MHz, CDCl3): d =7.19 (dd, 1H, J = 1.5, 2.5 Hz), 7.14
(dd, 1H, J = 1.5, 2.5 Hz), 6.64 (t, 1H, J = 2.5 Hz), 6.41 (br s, 1H),
5.19 (t/sept, 1H, J = 7.0, 1.5 Hz), 3.93 (t, 2H, J = 7.0 Hz), 3.90 (s,
3H), 2.46 (q, slightly broaden, 2H, J = 7.0 Hz), 1.73 (s, slightly
broaden, 3H), 1.65 (s, 3H).
13C NMR (62 MHz, CDCl3): d= 164.4, 160.2, 157.0, 134.6, 131.7,
119.3, 109.2, 107.6, 107.2, 68.0, 52.4, 28.1, 25.7, 17.8.

MS (70eV): m/z (%) = 250 (13) [M+], 219 (16), 168 (100), 168 (47),
151 (12), 149 (12), 137 (52), 136 (28).

Anal. Calcd for C14H18O4 (250): C, 67.20; H, 7.20. Found: C, 67.38;
H, 7.35.

Compound 7a
Yield: 28%; mp 77–79°C.

IR (KBr): n = 3303, 3083, 2948, 2888, 2238, 1601, 1445, 1352,
1217, 1179, 1051, 851, 675 cm–1.
1H NMR (250 MHz, CDCl3): d = 6.72–6.78 (m, 2H), 6.66 (t, 1H,
J = 2.2 Hz), 5.86 (ddt, 1H, J = 11.5, 17.0, 6.5 Hz), 5.08–5.75 (m,
2H), 4.00 (t, 2H, J = 7.0 Hz), 2.53 (q, 2H, J = 7.0 Hz).
13C NMR (62 MHz, CDCl3): d= 160.4, 157.5, 133.8, 118.6, 117.5,
112.6, 111.6, 110.5, 107.6, 67.7, 33.2.

MS (70eV): m/z (%) = 189 (61) [M+], 161 (17), 148 (30), 135 (100),
118 (30).

UV (c = 4.79 ´ 10–5 mol/L, MeOH): lmax, nm (e): 303 (4200), 247
(6300), 208 (39000).

Anal. Calcd for C11H11NO2 (189): C, 69.84; H, 5.82; N, 7.41.
Found: C, 69.41; H, 5.89; N, 7.32.

Compound 7b
Yield: 39%; mp 64–66°C.

IR: (KBr), n= 3366, 3081, 2926, 2236, 1593, 1441, 1346, 1215,
1173, 1049, 845, 675 cm–1.
1H NMR (250 MHz, CDCl3): d= 7.05 (br s, 1H), 6.71–6.76 (m, 2H),
6.63–6.66 (m, 1H), 5.17 (m, 1H), 3.90 (t, 2H, J = 7.0 Hz), 2.46 (q,
slightly broaden, 2H, J = 7.0 Hz), 1.73 (s, 3H), 1.66 (s, 3H).
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13C NMR (62 MHz, CDCl3): d= 160.5, 157.7, 134.9, 119.0, 118.7,
112.7, 111.5, 110.3, 107.5, 68.1, 27.9, 25.7, 17.8.

MS (70eV): m/z (%) = 218 (45) [M+ + 1], 161 (42), 148 (55), 136
(47), 135 (79), 118 (100).

Anal. Calcd for C13H15NO2 (217): C, 71.89; H, 6.91; N, 6.45.
Found: C, 71.68; H, 6.94; N, 6.26.

Irradiation of Compounds 1a–d and 7a, b
Four quartz tubes each containing 16 mL of 1a–d or 7a, b (0.5
mmol) and in the case of acidic reaction media H2SO4 (0.1 mmol)
were irradiated (Rayonet, T = 30°C). After about 3 h, the reaction
was stopped and the solvent was evaporated. When the reaction was
carried out in acidic conditions, NaHCO3 was added prior to evap-
oration. The residue was subjected to flash chromatography (petro-
leum ether–EtOAc, 1:1, v/v) or (EtOAc). Yields of isolated
products are given in Tables 1 and 2.

Compound 2 (R = H)

IR (film): n= 2953, 2859, 1732, 1645, 1393, 1265, 1221, 1182 cm–1.
1H NMR (250 MHz, acetone-d6): d = 5.63 (d, 1H, J = 1.5 Hz), 4.23
(ddd, 1H, J = 2.3, 4.2, 10.7 Hz), 4.15 (ddd, 1H, J = 1.5, 10.7, 12.5
Hz), 3.75 (s, 3H), 3.40 (ddd, 1H, J = 1.0, 3.9, 9.1 Hz), 3.10 (dp, 1H,
J = 7.6, 9.5 Hz), 2.57 (ddd, 1H, J = 3.9, 7.3, 11.4 Hz), 2.48 (d, 1H,
J = 18.7 Hz), 2.33 (d, 1H, J = 18.7 Hz), 2.15 (ddd, 1H, J = 1.0, 9.1,
10.5 Hz), 2.04 (ddt, 1H, J = 9.4, 14.0, 1.9 Hz), 1.62 (dddd, 1H,
J = 4.2, 8.8, 12.8, 14.0 Hz).
13C NMR (62 MHz, acetone-d6): d= 194.0, 176.2, 175.9, 108.9,
69.0, 52.8, 46.0, 40.5, 38.7, 37.9, 30.7, 30.0.

MS (70eV): m/z (%) = 223 (90) [M+ + 1], 222 (100) [M+], 207 (35),
163 (92), 149 (27), 124 (94), 123 (66).

HRMS: calcd for C12H14O4: 222.0892. Found: 222.0899.

Compound 3
IR (film): n= 3420, 3946, 2861, 1728, 1644, 1605, 1217 cm–1.
1H NMR (500 MHz, acetone-d6): d= 5.58 (s, 1H), 3.76 (s, 3H), 3.75
(s, 3H), 3.40–3.50 (m, 1H), 2.98 (ddd, 1H, J = 5.7, 8.5, 9.5 Hz),
2.50–2.60 (m, 3H), 2.55 (d, 1H, J = 17 Hz), 2.28 (d, 1H, J = 17 Hz),
1.72 (t, 1H, J = 10 Hz), 1.65 (sext, 1H, J = 6.5 Hz), 1.20–1.35 (m,
2H).
13C NMR (126 MHz, acetone-d6): d = 195.8, 176.1, 175.3, 104.0,
62.0, 59.8, 55.9, 52.8, 42.8, 41.9, 35.6, 35.1, 33.6.

MS (70eV): m/z (%) = 255 (46) [M+ + 1], 195 (35), 181 (76), 182
(100), 154 (54), 151 (32), 123 (34).

Anal. Calcd for C13H18O5 (254): C, 61.42; H, 7.09. Found: C, 61.02;
H, 7.20.

Compound 4 (isolated in a mixture with 3)
1H NMR (500 MHz, acetone-d6): d= 5.56 (d, 1h, J = 1.5 Hz), 3.75
(s, 3H), 2.32 (d, 1H, J = 18 Hz), 1.91 (t, 1H, J = 12.0 Hz), 1.58 (sext,
1H, J = 6.5 Hz).
13C NMR (126 MHz, acetone-d6): d = 196.9, 176.0, 175.9, 103.7,
60.3, 56.4, 52.8, 48.6, 42.8, 36.7, 35.7, 34.3, 32.8.

Compound 5
IR (film): n= 3408, 2935, 1723, 1636, 1605, 1217 cm–1.
1H NMR (250 MHz, acetone-d6): d= 5.45 (s, 1H), 3.74 (s, 3H), 3.70
(s, 3H), 3.60 (d, 1H, J = 10.3 Hz), 3.45–3.55 (m, 3H), 2.66 (d, 1H,
J = 18.0 Hz), 2.60 (dt, 1H, J = 10.3, 7.7 Hz), 2.39 (d, 1H, J = 18.0
Hz), 1.05 (s, 3H), 1.00 (s, 3H), 1.60 (m, 2H).
13C NMR (62 MHz, acetone-d6): d= 196.8, 176.6, 175.1, 103.6,
61.2, 55.8, 52.0, 50.0, 43.6, 42.7, 38.3, 37.9, 30.9, 28.0, 19.4.

MS (70eV): m/z (%) = 283 (8) [M+ + 1], 251 (8), 205 (15), 184 (42),
183 (100), 182 (46), 155 (26), 154 (45), 151 (62), 139 (33), 124
(41), 123 (46).

Anal. Calcd for C15H22O5 (282): C, 63.83; H, 7.80. Found: C, 63.29;
H, 7.34.

Compound 6 (isolated as a mixture with 5)
1H NMR (250 MHz, acetone-d6): d= 3.79 (s, 3H), 3.74 (s, 3H), 1.09
(s, 3H), 0.97 (s, 3H).
13C NMR (62 MHz, acetone-d6): d= 103.4, 61.79, 56.5, 44.8, 44.0,
27.6, 18.7.

Compound 8a
Mp 128°C.

IR (KBr): n = 2986, 2926, 2232, 1649, 1614, 1395, 1215 cm–1.
1H NMR (250 MHz, acetone-d6): d = 5.65 (d, 1H, J = 1.5 Hz), 4.28
(ddd, 1H, J = 1.5, 3.5, 8.5 Hz), 4.21, (ddd, 1H, J = 1.3, 8.5, 10.0 Hz),
3.52 (ddd, 1H, J = 4.5, 9.5, <1 Hz), 3.40 (ddt, 1H, J = 7.5, 15.0, 9.5
Hz), 2.63 (d, 1H, J = 18.5 Hz), 2.65 (ddd, 1H, J = 3.0, 8.0, 11.0 Hz),
2.57 (d, 1H, J = 18.5 Hz), 2.37 (dd, 1H, J = 10.0, 11.5 Hz), 2.14 (ddt,
1H, J = 9.5, 14.5, 1.5 Hz), 1.68 (dddd, 1H, J = 4.8, 8.0, 12.8, 15.5
Hz).
13C NMR (62 MHz, acetone-d6): d = 191.9, 174.2, 124.2, 108.9,
68.8, 39.9, 38.6, 34.3, 30.2, 29.7.

MS (70eV): m/z (%) = 189 (5) [M+], 124 (9), 123 (100).

HRMS: calcd for C11H11NO2: 186.0808. Found: 186.0790.

Anal. Calcd for C11H21NO2 (189): C, 69.84; H, 5.82; N, 7.41.
Found: C, 69.29; H, 5.88; N, 7.27.

Compound 8b
Mp 153 °C.

IR (KBr): n = 2967, 2934, 2234, 1649, 1615, 1360, 1177 cm–1.
1H NMR (250 MHz, acetone-d6): d = 5.46 (d, 1H, J = 1.5 Hz), 4.31
(m, 1H, J = 10.5 Hz), 4.20 (m, 1H, J = 10.5 Hz), 3.48 (dd, 1H,
J = 1.5, 10.0 Hz), 3.13 (q, 1H, J = 10.0), 2.72 (d, 1H, J = 19.0 Hz),
2.56 (d, 1H, J = 19 Hz), 1.75-2.01 (m, 2H), 1.33 (s, 3H), 1.22 (s,
3H).
13C NMR (62 MHz, acetone-d6): d = 192.6, 175.3, 123.7, 107.5,
68.2, 46.4, 41.0, 40.3, 36.9, 34.4, 29.4, 23.9, 20.0.

MS (70eV): m/z (%) = 217 (15) [M+], 189 (15), 159 (12), 146 (11),
123 (100).

HRMS: calcd for C13H15NO2: 217.1103. Found: 217.1100.

Compound 9
Mp 176°C (recrystallized from acetone–petroleum ether).

IR (KBr): n = 3233, 2963, 2870, 1692, 1618, 1480, 1316, 1148,
1082, 855 cm–1.
1H NMR (500 MHz, acetone-d6): d= 8.50 (br s, 1H), 6.50 (d, 1H,
J = 1.8 Hz), 6.37 (d, 1H, J = 1.8 Hz), 4.45 (ddd, 1H, J = 2.0, 11.5,
13.0 Hz), 4.21 (ddd, 1H, J = 2.0, 11.5, 13 Hz), 2.96 (dd, 1H, J = 5.0,
12 Hz), 2.00 (ddt, 1H, J = 13.0, 5.0, 2.0 Hz), 1.63 (dq, 1H, J = 4.0,
12.5 Hz), 1.17 (s, 3H), 0.81 (s, 3H).
13C NMR (126 MHz, acetone-d6): d = 209.5, 160.0, 155.1, 136.2,
131.0, 107.8, 101.3, 68.4, 51.9, 43.7, 23.8, 22.5, 22.1.

MS (70eV): m/z (%) = 218 (95) [M+], 203 (54), 190 (100), 175 (45),
162 (56), 157 (23), 147 (62), 119 (25), 115 (46).

Anal. Calcd for C13H14O3 (218): C, 71.56; H, 6.42. Found: C, 71.47;
H, 6.20.

Compound 10a
IR (film): n= 3391, 2942, 2236, 1640, 1597, 1387, 1215 cm–1.
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1H NMR (250 MHz, acetone-d6): d = 5.63 (s, 1H), 3.80 (s, 3H),
3.40–3.62 (m, 4H), 3.17–3.35 (m, 1H), 3.07–3.17 (m, 1H), 2.66 (d,
1H, J = 17.0 Hz), 2.52–2.63 (m, 1H), 2.48 (d, 1H, J = 17.0 Hz), 1.97
(dd, 1H, J = 10.5, 12.0 Hz), 1.69 (dt, 1H, J = 7.5, 6.0 Hz).
13C NMR (62 MHz, acetone-d6): d= 193.4, 173.8, 124.3, 104.4,
59.7, 56.3, 44.1, 41.3, 37.1, 34.8, 34.2, 31.5.

MS (70eV): m/z (%) = 222 (100) [M+ + 1], 204 (19), 155 (25), 151
(26), 150 (77), 149 (69), 121 (69).

HRMS: calcd for C12H15NO3: 221.1052. Found: 217.1049.

Anal. Calcd for C12H15NO3 (221): C, 65.16; H, 6.79; N, 6.33.
Found: C, 64.68; H, 7.04; N, 6.19.

Compound 11a (isolated as a mixture with 10a)
1H NMR (250 MHz, acetone-d6): d= 5.62 (m, 1H), 3.82 (s, 3H),
2.68 (d, 1H, J = 17.0 Hz), 2.49 (d, 1H, J = 17.0 Hz), 2.16 (dd, 1H,
J = 10.0, 11.5 Hz), 160 (dt, 1H, J = 8.5, 6.5 Hz).
13C NMR (62 MHz, acetone-d6): d= 194.7, 174.1, 124.6, 104.1,
60.1, 56.7, 49.5, 37.7, 35.3, 34.1, 33.4, 31.6.

Compound 10b
Mp 128-130°C (recrystallized from acetone–petroleum ether).

IR (KBr): n= 3432, 2942, 2884, 2223, 1640, 1607, 1391, 1215 cm–1.
1H NMR (250 MHz, acetone-d6): d = 5.57 (s, 1H), 3.78 (s, 3H),
3.41–3.75 (m, 3H), 2.70–2.91 (m, 2H), 2.76 (d, 1H, J = 17.5 Hz),
2.55 (d, 1H, J = 17.5 Hz), 1.62 (q, 1H, J = 7.0 Hz), 1.36 (s, 3H), 1.09
(s, 3H).
13C NMR (62 MHz, acetone-d6): d= 194.2, 174.7, 123.2, 104.1,
60.7, 56.2, 43.8, 43.4, 40.2, 39.8, 38.3, 30.8, 29.4, 18.8.

MS (70eV): m/z (%) = 250 (28) [M+ + 1], 204 (7), 150 (100), 121
(16).

Anal. Calcd for C14H19NO3 (249): C, 67.47; H, 7.63; N, 5.62.
Found: C, 67.16; H, 7.58; N, 5.53.

Compound 11b (isolated as a mixture with 10b)
1H NMR (250 MHz, acetone-d6): d= 3.83 (s, 3H), 1.32 (s, 3H), 1.11
(s, 3H).
13C NMR (62 MHz, acetone-d6): d= 195.6, 175.6, 123.8, 103.7,
61.1, 56.7, 45.5, 45.3, 44.4, 43.3, 40.0, 30.1, 28.6, 17.8.

Methyl 3-O-Acetyl-5-methoxybenzoate (14)19

Compound 13 (10 g, 50 mmol) (synthesized according to the litera-
ture procedure17) and K2CO3 (21 g) were suspended in DMF (50
mL). CH3I (16 g, 113 mmol) was added at 0°C and the resulting
mixture was stirred at r.t. for about 4 h. After evaporation of the sol-
vent at reduced pressure, the residue was treated with H2O. The
aqueous phase was extracted with Et2O (4 times). The combined or-
ganic phases were dried (MgSO4). After evaporation of the solvent,
the residue was recrystallized from Et2O–petroleum ether.

Yield: 6.8 g (60%); mp 51–52°C.
1H NMR (250 MHz, CDCl3): d = 7.44 (dd, 1H, J = 1.0, 2.5 Hz), 7.37
(dd, 1H, J = 1.0, 2.5 Hz), 6.83 (t, 1H, J = 2.5 Hz), 3.88 (s, 3H), 3.83
(s, 3H), 2.28 (s, 3H).
13C NMR (62 MHz, CDCl3): d= 169.1, 166.0, 160.2, 132.0, 120.2,
115.2, 112.8, 111.9, 55.6, 52.3, 21.0.

Methyl 3-Hydroxy-5-methoxybenzoate (15)20

Compound 14 (4 g, 17.9 mmol) was dissolved in MeOH (100 mL).
Na (approx. 0.5 g) was added and the resulting solution was kept at
r.t. for 1 h. After evaporation, Et2O, then H2O were added to the res-
idue. The aqueous phase was extracted with Et2O, acidified with di-
luted HCl and again extracted with Et2O. The combined organic
phases were washed with H2O and dried (MgSO4). After evapora-

tion of the solvent, the residue was recrystallized from EtOAc–pe-
troleum ether.

Yield: 3.0 g (92%); mp 92–96°C.
1H NMR (250 MHz, CDCl3): d = 7.22 (dd, 1H, J = 1.5, 2.5 Hz), 7.13
(dd, 1H, J = 1.5, 2.5 Hz), 6.90 (br s, 1H), 3.90 (s, 3H), 3.79 (s, 3H).
13C NMR (62 MHz, CDCl3): d= 167.5, 160.7, 157.1, 131.6, 109.4,
107.1, 106.8, 55.5, 52.5.
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