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Resumen. Se describe la síntesis de la 2-diazo-1-[2-(2-tiofenilme-
toxi)-fenil]-etanona (1) la cual involucra la reacción de sustitución
nucleofílica aromática del (2-tiofenil) metóxido de sodio con 2-fluro-
robenzaldehído, la oxidación en condiciones suaves del grupo aldehí-
do al ácido carboxílico y posteriormente la transformación a α-diazo-
cetona a través de un anhídrido carbónico-carboxílico como interme-
diario de reacción. El tratamiento del compuesto 1 con cantidades
catalíticas de acetato de rodio (II) da la tiofenilmetil benzofuranona
10 por medio de una transposición sigmatrópica [2,3] del iluro de
oxonio 9 derivado del carbenoide de rodio que se postula como inter-
mediario de reacción.
Palabras clave: α-diazocetona, ciclización, carbenoide de rodio.

Abstract. The synthesis of 2-diazo-1-[2-(thiophen-2-ylmethoxy)-
phenyl]-ethanone (1) is described. The procedure involves an aromat-
ic nucleophilic substitution between the sodium 2-thiophenyl
methoxide and 2-fluorobenzaldehyde, the subsequent mild-condition
oxidation to the corresponding carboxylic acid, and final transforma-
tion through carbonic-carboxylic anhydride intermediate to the a-dia-
zoketone. Treatment of compound 1 with catalytic amounts of rhodi-
um (II) acetate gives the thienylmethyl benzofuranone 10 which
comes from the [2,3] sigmatropic rearrangement of the oxonium ylide
9 derived from the rhodium carbenoid that is postulated as reaction
intermediate key.
Key words: α-diazoketones, cyclization, rhodium carbenoid.

Introduction

The diazo group chemistry has taken a new interest as a conse-
quence of the development of catalytic methods with transi-
tion metals that convert diazoketones in valuable tools in
organic synthesis with several applications in homologations,
X-H bond insertions, ylide formations, and reactions with
alkenes and aromatic compounds [1].

Our interest has especially been focused in aryl and het-
eroaryl diazoketone synthesis since there are few examples
that show the reactivity of this kind of compounds.  Recently
Doyle and coworkers [2] took advantage of the furan reactivi-
ty to prepare a macrocycle by the intramolecular insertion of
the rhodium carbenoid from a w-furanyl diazoketone.  On the
other hand, Capretta and coworkers [3] reported that the treat-
ment of diverse diazoalkanoyl thiophenes with catalytic rhodi-
um (II) acetate gave the intramolecular cyclization compounds
as major reaction products, and they isolated 5 and 6
mermbered-fused rings to thiophene.

Results and discussion

Taking the preceding reactions and as a part of a project that
involves a study of the ω-diazoalkanoylthiophene reactivity,
we were interested in synthesize a molecule which had in their

structure a thiophene ring and a diazo group, in such a way
they could react to each other to form 5 or 6 membered rings
when a carbenoid from a rhodium or copper salt were genera-
ted. For this purpose we believed molecule 1 was appropriate
for the study and we proceeded to prepare it.

Initially, we reacted the sodium salt of 2-hydroxymethyl-
thiophene 2 with 2-fluorobenzaldehyde 3 to obtain the alkyl
aryl ether 4 in 73 % yield through a nucleophilic aromatic
substitution. Previously, the substitution on 2-fluorobenzalde-
hyde was reported as a process that readily occurs [4]. The  2-
hydroxymethylthiophene used in this part was prepared by
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sodium borohydride reduction of thiophene-2-carboxalde-
hyde, which is commercially available [5].

The next step in the synthetic route consisted on the alde-
hyde group oxidation in molecule 4 to the corresponding car-
boxylic acid. For this purpose, aldehyde 4 was treated with
silver oxide, which was prepared in situ from the reaction of
silver nitrate and sodium hydroxide. The oxidation reaction
was performed at room temperature during 48 h in THF. After
work up, benzoic acid 5 was obtained in 38 % yield.

Finally, the thiophen-2-ylmethoxy benzoic acid 5 became
diazoketone 1 by the reaction with N-methylmorpholine and
ethyl chloroformate in ether at 0 °C during 15 min, and subse-
quent addition of an excess of ethereal diazomethane (10:1) to
the carbonic-carboxylic anhydride 6 which is  postulated like
the acylating agent. This technique has been successful in the
synthesis of diverse pirrolyl diazoketones [6], and in this case
gave quantitative yield. 

Compounds 1, 2, 4 and 5 were characterized by the con-
ventional spectroscopic techniques, and especially the dia-
zoketone 1 was a crystalline solid which was studied by X-ray
diffraction. The compound structure is represented in Fig. 2
and some important crystallographic data are in Table 1.

The X-ray study revealed some interesting data about the
compound structure. For example, we observed that the angle
formed between  the nitrogen atoms  of the diazo group is
177°, which indicates a strong tendency toward the lineal
structure given by a resonant structure that favors two consec-
utive double bonds, one between C2 and N1 and the other
between N1 and N2. Additionally, the bond distance between
C1 and C2 is shorter than other distances with sp2 atoms, such
as the C1-C3 bond distance. This can be explained by the res-
onance effects that should exist between the carbonyl group
and the diazo group. In Table 2 some relevant angle and bond
distances from the X-Ray study are presented for molecule 1.

In the Fig. 3 we also could appreciate the packing cell re-
presentation for compound 1 that shows a great separation
among the ring substituents. This suggests a strong repulsion
between the ortho substituents which is probably due to the
steric effect, and is reflected in the dihedral angle (C1-C3-C4-
O2) with 8 ° instead of 0 °. Therefore, the substituents are not
coplanar.

It is important to mention that there are not reported
examples where a diazoketone has been studied and characte-
rized by X-ray diffraction. Thus, the present work contributes
with new data about the space distribution that presents this
functional group.

Once prepared, diazoketone 1 reacted with catalytic a-
mounts of rhodium (II) acetate. At the moment, when we car-
ried out the reaction, we considered two possible reaction
routes: the first consisted on the C-H insertion on the benzylic
position of the carbenoid species 7 that it is formed from the
diazoketone 1 and the catalyst, which would give thienylchro-
manone 8 as the major product; while in the second route we
intended the formation of an oxonium ylide (9) after a sigmat-
ropic rearrangement [2, 3] would afford benzofuranone 10. In
this respect, we were not able to predict the reaction course
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Crystal data

Empirical formula C13H10N2O2S
Formula weight 258.29
Crystal color Colorless needle
Crystal system Orthorrombic
Space group Pbca
a, Å 5.5049(2) α = 90°
b, Å 17.914(2) β = 90°
c, Å 24.750(1) γ = 90°
Volume, Å3 2440.8(3)
Z 8
Density (calcd.), g / cm3 1.406
Absorption coefficient, (mm–1) 2.327
F(000) 1072
Crystal Size (mm) 0.56 × 0.12 × 0.07

Data collection

Temperature, K 292(2)
Radiation, l (Å) 1.54178
θ min, max,° 1.50,56.50
Index ranges –5 [h [5,-19 [k[19,-26[1[26
Reflections Collected 3015
Independent reflections 1508 (Rint = 0.0830)
Observed reflects[I > 2.0 σ (1)] R1 = 0.0723, wR2 = 0.2159

Refinement

Data-to-parameter ratio 1508 / 0 / 164
R, wR2 R1 = 0.0723, wR2 = 0.2159
G.O.F. 0.996
Largest diff. peak,hole,e Å–3 0.264,-0.288

Table 1. Crystal data for compound 1.
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because there are not overwhelming evidences about the reac-
tion mechanism. The McKervey group [7-9] found that vary-
ing the catalyst they could modify the course of this kind of
reactions to obtain both chromanones and benzofuranones.
However, the five-membered ring formation and subsequent
Stevens rearrangement is more common in these processes
[10].

Treatment of diazoketone 1 with rhodium (II) acetate in
dichloromethane at room temperature under inert atmosphere
gave a reaction product whose physical and spectroscopic
constants did not correspond to those expected for chromano-
ne 8 as have been reported previously [11, 12]. In this way,
spectroscopic data indicated that the compound obtained was
thienylmetylbenzofuranone 10. Additionally, Gefflaut and
Périe [13] informed a similar cyclization process when the
diazoketone derived from 2-benzyloxybenzoic acid  reacted
with catalytic rhodium (II) acetate. Therefore, in this case the
carbenoid 7 derived from the diazoketone 1 reacted in an
intramolecular way with the phenoxy oxygen to generate a
five-membered ring and also an oxonium ylide which is
kinetically favored and is rearranged later to the benzofura-
none 10.

In conclusion, this work presents the first synthesis of the
2-diazo-1-[2-(thiophen-2-ylmethoxy)-phenyl]-ethanone 1 and
its intramolecular cyclization to the benzofuranone 10, which
expands the possibilities to carry out reactivity studies with
transition metals and to synthesize some derivatives from this
molecule.

Experimental section

The starting materials were purchased from Aldrich Chemical
Co. and were used without further purification. Solvents were
distilled before use, ether and tetrahydrofuran (THF) were
dried over sodium using benzophenone as indicator. Diazome-
thane was prepared from N-methyl-N-nitroso-p-toluenesulfon-

amide (Diazald ®) using a minimum amount of water and
ethanol as co-solvent, and dried over KOH pellets before use.
Silica gel (230-400 mesh) and neutral alumina were purchased
from Merck. Silica plates of 0.20 mm thickness were used for
thin layer chromatography. Melting points were determined
with a Fisher-Johns melting point apparatus and they are
uncorrected. 1H and 13C NMR spectra were recorded using a
Varian Gemini 200, chemical shifts (d) are given in ppm rela-
tive to TMS as internal standard (0.00). For analytical purpo-
ses, mass spectra were recorded on a JEOL JMS-5X 10217 in
the EI mode, 70 eV, 200 °C via direct inlet probe. Only mole-
cular and parent ions (m/z) are reported. IR spectra were
recorded on a Nicolet Magna 55-X FT instrument. For X-Ray
diffraction studies, crystals of compound 1 were obtained by
slow evaporation of a dilute ethanol solution, and reflections
were acquired with a Nicolet P3 / F diffractometer. Three
standard reflections every 97 reflections were used to monitor
crystal stability. The structure was solved by direct methods,
missing atoms were found by difference-Fourier synthesis,
and refined on F2 by a full-matrix least-squares procedure
using an isotropic displacement parameters using SHELX-97.

Fig. 2. ORTEP representation for compound 1.

Bond Distance (Å)

S1-C13 1.689(8)
O1-C1 1.221(9)
O2-C9 1.440(8)
N1-C2 1.316(9)
C1-C3 1.483(9)
C3-C4 1.409(9)
C3-C8 1.407(10)
C4-C5 1.370(9)
S1-C10 1.707(9)
O2-C4 1.366(9)
N1-N2 1.117(8)
C1-C2 1.433(12)
C9-C10 1.487(10)
C11-C12 1.419(11)

Bond Angle (°)

C13-S1-C10 92.0(5)
N2-N1-C2 177.0(10)
O1-C1-C3 121.6(8)
N1-C2-C1 115.0(8)
C8-C3-C1 116.4(6)
O2-C4-C5 124.0(7)
C5-C4-C3 120.6(7)
C11-C10-C9 126.1(8)
C9-C10-S1 122.3(6)
C4-O2-C9 117.4(5)
O1-C1-C2 121.0(6)
C2-C1-C3 117.3(7)
C8-C3-C4 117.9(6)
C4-C3-C1 125.7(7)
O2-C4-C3 115.4(6)
O2-C9-C10 108.2
C11-C10-S1 111.5(6)

Table 2. Selected bond distances (Å) and angles (°) for 1.



2-Hydroxymethylthiophene (2). To a suspension of sodium
borohydride (0.339 g, 8.92 mmol) in absolute ethanol (9 mL)
a solution of 2-thiophenecarboxaldehyde (2 g, 17.85 mmol) in
ethanol (25 mL) was added maintaining the temperature
below 25 °C. The resulting mixture was then heated at 50 °C
during 1 h. The solvent was removed in vacuo, and water (50
mL) was added, the solution acidified with diluted HCl (10 %)
to pH = 5. The product was extracted with ether (3 × 50 mL),
the organic phase was dried over Na2SO4 and the solvent was
removed in vacuo to yield a colorless oil (1.93 g, 95 %),
which was used without additional purification. IR (CHCl3,
cm–1). 3434, 2930, 1668. 1H NMR (CDCl3, 200 MHz) δ 2.25
(s, 1H), 4.79 (s, 1H), 6.98 (m, 2H), 7.33 (m, 1H). MS [EI+]
m/z (%): 114 [M]+ (100), 113 [M - H]+ (40).

2-(Thiophen-2-ylmethoxy)benzaldehyde (4). To a suspen-
sion of sodium hydride (0.97 g, 20.3 mmol) in DMF (17 mL)
a solution of 2-hydroxymethylthiophene 2 (1.93 g, 16.9
mmol) in DMF (17 mL) was added at 0 °C, the resulting mix-
ture was stirred under a nitrogen atmosphere at room tempera-
ture for 15 min. The mixture was cooled at 0 °C and 2-fluo-
robenzaldehyde (2.2 g, 17.8 mmol) was added. The resulting
mixture was stirred for additional 15 minutes at room tempe-
rature. The reaction was quenched by addition of water (100
mL) and diluted HCl (10 %) to pH = 5. The aqueous phase
was extracted with ether (3 × 75 mL), the organic phase was

washed with water (150 mL), dried over Na2SO4 and the sol-
vent was removed in vacuo. Purification by column chromato-
graphy (SiO2, hexane / AcOEt 9:1) yield a colorless oil (2.67
g, 73 %). IR (CHCl3, cm–1). 3105, 1687. 1H NMR (CDCl3,
200 MHz) δ 5.35 (s, 2H), 7.07 (m, 3H), 7.35 (dd, 2H), 7.55(m,
1H), 7.85 (m, 1H), 10.5 (s, 1H). MS [EI+] m/z (%): 218 [M]+
(10), 97 [M-C7H5O2]+ (100).

2-(Thiophen-2-ylmethoxy)benzoic acid (5). Silver nitrate
(8.4 g, 49.5 mmol) was added to a solution of sodium hydrox-
ide (2.97 g, 74.2 mmol) in water (75 mL). The mixture was
added to a solution of compound 4 (2.67 g, 12.3 mmol) in
THF (14 mL) and the resulting mixture was stirred for 48 h at
room temperature. The mixture was filtered and acidified to
pH = 4, and the product was extracted with ethyl acetate (3 ×
100 mL). The organic phase was dried over Na2SO4 and the
solvent was removed in vacuo. The product was purified by
crystallization (1.1 g, 38 %). m.p. 100 °C. IR (CHCl3, cm–1).
3511, 1664. 1H NMR (CDCl3, 200 MHz) δ 5.46 (s, 2H), 7.05
(m, 3H), 7.29 (dd, 1H), 7.45 (m, 1H), 7.6 (m, 1H), 8.22 (dd,
1H). MS [E I+] m/z (%): 234 [M]+ (7), 97 [M-C7H5O3]+

(100).

2-Diazo-1-[2-(thiophen-2-ylmethoxy)-phenyl]-ethanone
(1). An ice-cold solution of the acid 5 (0.28 g, 1.2 mmol) in
freshly distilled ether (2 mL) was treated successively with
ethyl chloroformate (0.14g, 1.3 mmol) and N-methylmorpho-
line (0.12 g, 1.2 mmol), the mixture was stirred under nitrogen
atmosphere for 15 min at 0 °C, then an ether solution of dia-
zomethane (12 mmol) from N-methyl-N-nitroso-4-toluenesul-
fonamide was added at 0 °C. A vigorous evolution of nitrogen
occurred, and the mixture was allowed to warm to room tem-
perature overnight. The solvent was removed in vacuo and the
product was purified by column chromatography (SiO2, hexa-
ne / AcOEt 9:1) to yield a yellow crystalline product (100
%).m. p 70 °C. IR (CHCl3, cm–1). 3139, 2104, 1762. 1H NMR
(CDCl3, 200 MHz) δ 5.27 (s, 1H), 5.46 (s, 2H), 7.05 (m, 3H),
7.29 (dd, 1H), 7.45(m, 1H), 7.6 (m, 1H), 8.22 (dd, 1H).  MS
[EI+] m/z (%): 258 [M]+ (5), 120 [C7H4O2]+ (100).

2-(Thiophen-2-ylmethyl)benzofuran-3-one (10). A solution
of the diazopropanone 1 (0.3096 g, 1.2 mmol) in dry CH2Cl2
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Fig. 3. Representation of the packing cell of compound 1.



(10 mL) was stirred with Rh2(OAc)4 (2 mg) under nitrogen
atmosphere at room temperature. After 2 h, the mixture was
evaporated in vacuo and purified by column chromatography
(SiO2, hexane / AcOEt 9:1) to yield a white solid (0.118 g, 43
%). m.p. 45 °C. IR (CHCl3, cm–1). 2923, 1716, 1612. 1H NMR
(CDCl3, 200 MHz) δ 3.30 (dd, 1H), 3.62 (dd, 1H), 4.78 (dd,
1H), 6.95-7.22 (m, 4H), 7.60-7.80 (m, 3H).  MS [EI+] m/z
(%): 230 [M]+ (15), 121 [C7H5O2]+ (100), 97 [C5H5S]+ (75).
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