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FACILE PREPARATION OF 1,2-DIKETONES

Pawel Nowak, David Malwitz, and Derek C. Cole
Chemical Sciences, Wyeth Research, Pearl River, New York, USA

Easily accessible lead-like libraries of heterocyclic molecules useful for high-throughput

screening are of continuous interest to the pharmaceutical industry. A number of drug-like

libraries are derived from aromatic 1,2-diketones; however, nonsymmetrical 1,2-diketones

are challenging to prepare. This communication describes a simple and practical synthesis

of 1,2-diketones based on a controlled cross benzoin-like condensation reaction.

Keywords: Cross-benzoin condensation; 1,2-diketones

INTRODUCTION

The ability of the pharmaceutical industry to quickly screen large numbers
of compounds using high-throughput screening (HTS) technologies continues to
stimulate the demand for preparation of arrays of novel small molecules. An increased
access to chemical diversity is needed to target all of biological space and to increase the
number of ‘‘drugable’’ targets. Literature precedents indicate that a number of drug-
like heterocyclic libraries (Scheme 1) may be prepared starting from 1,2-diketones, such
as 2-amino-1H-imidazol-4(5H)-ones,[1] 1H-imidazol-4(5H)-ones,[2] quinoxalines,[3]

imidazolidine-2,4-diones and 2-thioxoimidazolidin-4-ones,[4] imidazoles,[5] pyrazin-2
(1H)-ones,[6] 1,2,4-triazines,[7] 1H-imidazol-2-amines,[8] and canthine-like alkaloids.[9]

Rapid access to arrays of heterocycles derived from 1,2-diketones is limited by
the lack of commercial availability or efficient synthetic procedures of diverse
nonsymmetrically substituted 1,2-diketones. 1,2-Diketones are prepared by simple
oxidation of 2-hydroxyketones, and aryl-substituted 2-hydroxyketones are typically
prepared using benzoin condensation. However, practical application of the classical
benzoin condensation is limited to symmetrically substituted products because
coupling of two different aldehydes generally leads to mixtures of products. Several
solutions to this problem have been reported[10]; however, these suffer from lengthy
preparations and uncommon reagents. We sought to develop a controlled cross-
condensation of two carbonyl partners that could be readily performed and would
lead directly to the desired 1,2-diketones. The two-step procedure we report here
relies on readily available and inexpensive off-the-shelf aldehyde and acid chloride
reagents and involves conversion of the aldehyde to the corresponding trimethylsilyl
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cyanohydrin followed by coupling with the acid chloride and deprotection to yield
the unsymmetrical 1,2-diketone.

RESULTS AND DISCUSSION

The introduction of trimethylsilyl cyanide[11] reagent allowed for a quick and
efficient access to protected cyanohydrins. Six examples were prepared in excellent
yields following the Evans protocol[12] (Table 1). The reaction proceeded at very mild
conditions in chloroform at room temperature with zinc iodide as catalyst. In the case
of 4-pyridinecarboxaldehyde, reaction with trimethylsilyl cyanide in the presence of
zinc iodide produced only polymeric material; however, when the reaction was run
in the absence of catalyst, the trimethylsilyl cyanohydrin of 4-pyridinecarboxaldehyde
was produced in 83% yield.

Various combinations of bases and solvents, including NaH, lithium diisopro-
pylamide (LDA), lithium tetramethylpiperidide (LiTMP), and lithium hexamethyldi-
silazane (LiHMDS) in toluene, Et2O, and tetrahydrofuran (THF), were tried for the
deprotonation of trimethylsilyl cyanohydrins and coupling with the acid chlorides.
The reaction was found to proceed in greatest yields with LiHMDS in THF at
low (�78 �C) temperature.[4j,k] Originally, we intended to moderate the reactivity
of the lithium anion by stoichiometric addition of copper salts; however, this was
not needed as the reaction with acid chlorides proceeded cleanly in the absence of
these additives, and no double addition of the anion to the carbonyl group was
observed. The intermediate keto-cyanohydrins could be isolated; however, it was
more convenient to regenerate the second carbonyl group in a one-pot process.

Scheme 1. Examples of heterocycles derived from 1,2-diketones.
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The use of tetrabutylammonium fluoride, a common reagent for this type of trans-
formation, led to a complex mixture of products, but simple treatment with aqueous
potassium carbonate gave the desired diketones in good to excellent yields (Table 2).
The conditions turned out to be incompatible with the 4-pyridinyl substrates, as no
diketones were isolated when the deprotonated 4-pyridyltrimethylsilylcyanohydrin
was quenched with benzoyl chloride (entry 6) or when phenyltrimethylsilyl cyanohy-
drin was quenched with isonicotinoyl chloride (entry 11).

In conclusion, we have developed a simple, reliable, and short synthesis of
1,2-diketones relying only on easily available, inexpensive, and diverse off-the-shelf
aldehydes and acid chlorides.

EXPERIMENTAL

Melting points were determined in a Mel-Temp II instrument and are uncor-
rected. Fourier transform-infrared (FT-IR) spectra were recorded on a Thermo-
Nicolet Nexus 470 instrument. 1H and 13C NMR spectra were measured on a Bruker
Spectrospin 300-MHz instrument. Mass spectra (MS) were obtained using a Bruker
Apex II FTICR mass spectrometer equipped with an actively shielded 9.4-tesla
superconducting magnet (Magnex Scientific Ltd.) and an external Bruker Apollo
electrospray ionization (ESI) source. Elemental analyses were measured on a
Perkin-Elmer 2400 series II instrument.

Table 1. Preparation of trimethylsilyl cyanohydrins

No. R1 Yield (%)a

1 97

2 98

3 98

4 94

5 92

6 0 (83)b

aIsolated yields after distillation.
bReaction in the absence of ZnI2 catalyst.
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3-Methoxy-a-[(trimethylsilyl)oxy]-benzeneacetonitrile[13]

(Table 1, Entry 3)

3-Methoxybenzaldehyde (6.81 g, 50.0mmol) and trimethylsilyl cyanide (5.95 g,
60.0mmol) were dissolved in chloroform (10mL). The solution was cooled in a cold
water bath (10 �C), and zinc iodide (80mg, 0.25mmol) was added. After 4 h of stir-
ring, the solution was diluted with Et2O (200mL) and washed with aqueous sodium
thiosulfate (50mL) and saturated sodium bicarbonate (50mL). The organic solution
was dried with magnesium sulfate and evaporated. The remaining liquid was distilled

Table 2. Preparation of 1,2-diketones from TMS cyanohydrins and acid chlorides

No. R1 R2 Yield (%)

1 87

2 92

3 91

4 71

5 61

6 0

7 89

8 73

9 65

10 94

11 0
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in a Kugelrohr apparatus in a vacuum (0.1mm Hg) to provide a light yellow oil
(11.77 g, 98%). 1H NMR (CDCl3): d 7.32 (dd, 1H, J1¼ 9.0 J2¼ 8.5Hz), 7.06–7.00
(m, 1H), 6.91 (dd, 1H, J1¼ 9.0 J2¼ 3.5Hz), 5.46 (s, 1H), 3.82 (s, 3H), 0.23 (s,
9H); 13C NMR (CDCl3): d 160, 137.7, 130.0, 119.1, 118.5, 114.8, 111.8, 63.6, 55.2,
�0.3; IR (KBr): 1251, 1066, 1035 cm�1; M=S: m=e (MþNH4)

þ 253.1 (22%),
(MþH)þ 236.1 (100%). Anal. calcd. for C12H17NO2Si: C, 61.24; H, 7.28; N, 5.95.
Found: C, 61.18; H, 7.15; N, 6.06.

Other cyanohydrines (Table 1) were prepared in the same manner, except for
entry 6, where the reaction was run without zinc iodide catalyst.

(3-Methoxyphenyl)phenylethanedione[14] (Table 2, Entry 3)

Hexamethyldisilazane (0.75 g, 4.67mmol) was dissolved in THF, and the sol-
ution was cooled in an ice bath. N-Butyllithium (1.70mL, 2.5M solution in hexanes,
4.25mmol) was added. After 5min, the solution was cooled to �78 �C and cannu-
lated to a solution of 3-methoxy-a-[(trimethylsilyl)oxy]-benzeneacetonitrile (1.00 g,
4.25mmol) in THF (15mL), which was also cooled to �78 �C. After 30min, this
solution was cannulated to a solution of benzoyl chloride (0.72 g, 5.10mmol) in
THF (15mL) cooled to �78 �C. After another 30min, the solution was warmed
up to 0 �C in an ice bath for 15min, and it was quenched with 10% aqueous potass-
ium carbonate (40mL) and extracted with Et2O. The mixture was shaken in a
separatory funnel for 10min. Diethyl ether (50mL) was added, and the mixture
was extracted. The organic phase was dried with magnesium sulfate and concen-
trated to provide the crude product as a yellow solid (1.0 g), which was sufficiently
pure for library preparations. The product could be purified by flash chromato-
graphy (gradient from 100% hexane to 50:50 hexane=ethyl acetate) to yield yellow
crystals (0.92 g, 90%). Mp 91–93 �C; 1H NMR (CDCl3): d 7.32 (dd, 1H, J1¼ 9.0
J2¼ 8.5Hz), 7.06–7.00 (m, 1H), 6.91 (dd, 1H, J1¼ 9.0 J2¼ 3.5Hz), 5.46 (s, 1H),
3.82 (s, 3H), 0.23 (s, 9H); 13C NMR (CDCl3): d 194.5 (2�), 160.1, 134.9, 134.2,
133.0, 130.0, 129.9, 129.0, 123.2, 121.9, 112.8, 55.5; IR (KBr): 1670, 1255,
1030 cm�1; M=S: m=e (2MþH)þ 481.2 (100%), (MþH)þ 241.1 (47%). Anal. calcd.
for C15H12O3: C, 74.99; H, 5.03; N, 0. Found: C, 74.97; H, 4.77; N, 0.

Other 1,2-diketones (Table 2, entries 1, 2, 4–11) were prepared in the same
manner.
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