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ABSTRACT

A convenient and general procedure for the preparation of methyl-4-phenyl-3-oxo butyrate
derivatives is accomplished by the treatment of benzyl cyanides with potassium methyl malonate
& anhydrous ZnCl, in EDC. The protocol is applied successfully to various phenylacetonitriles
by decarboxylative Blaise reaction [1].

Keywords. Benzyl cyanides, Potassium methyl malonate, amugr ZnC}, EDC,
Decarboxylative Blaise reaction.

INTRODUCTION

Methyl-4-phenyl-3-oxo butyrate derivativgs-Keto esters) and their precursframinoacrylates
are among the most important intermediates in acgagpnthesis and medicinal chemistry.
Several methods have been developed previouslycihateon of acid chlorides with diethyl
malonatefollowed by selective partial hydrolysis and suhsst decarboxylation of one of the
two-ester groups in the acylated malonate interatedj2, 3]. By the same methodolo@y
ketoesters are prepared using ethyl malonic agi@][4neldrum’s acid [6, 7], on acid chlorides
or acids in the presence of magnesium chloride @yddine or triethyl amine or
carbonyldiimidazole -ketoesters are also prepared by treating ben#esitwith potassium
ethyl malonate and zinc [8, 9, 10] based on Blegse&tion.

A century old Blaise reaction is an important metlor the preparation df-keto esters and
their precursorsp-keto ester functional group in the product is highersatile for further
transformations and moreover the Blaise reactian lwa truncated to produdgeaminoe, -
unsaturated esters, which are useful for the sgigh&f heterocycles and p-amino acids.
However in spite of its straightforward introductief versatile functionalities from nitrile
group, its use in synthetic chemistry is limitecedo problems of low yield, narrow scope and
undesired side reactions. These early problemgm@atly improved by Kishi’'s modifications
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that use activated zinc. Additional useful proteddte ultrasonic assistance [11] and zinc oxide
addition [12] in the Blaise reaction are more adagaous.

Although these modifications are significant impgoents over the original procedure, there is a
substantial need for further refinement for syntting 4-phenyl-3-oxo butyrate derivatives
starting from phenylacetonitriles.

OMe

MATERIALSAND METHODS

'H & ¥®C NMR spectra are recorded using a Bruker 400 Smeeter (400 & 100 MHz
respectively) with TMS as internal standard. IR ct@e are recorded on Perkin Elmer
Spectrophotometer as KBr pellets or neat. AnalytidaC is conducted on E-Merck 60F254
aluminum-packed silica gel plates (0.2mm). Devetbpkates are visualized using UV light or
lodine chamber. HPLC spectra are recorded on stam2dl0.

General Procedurefor the synthesis of M ethyl-4-phenyl-3-oxo butyrate derivatives (1a-m).

To a stirred solution of phenylacetonitril2g1.0 M), potassium methyl malona@g(2.0 M) in
ethylene dichloride under nitrogen atmosphere teeddanhydrous zinc chloride (2.0 M) at room
temperature. The temperature of the reaction nmexisiraised to reflux temperature (80 — 85°C)
and stirred for 60 to 90 hours. The completionhaf teaction is checked on precoated silica gel
plates and observed under UV light or lodine vapéser cooling the reaction mixture to
ambient temperature (20 - 25°C) and then treatitly water the organic layer is separated. The
agueous layer is extracted with EDC. The combinggmc portions were washed with water
(till pH comes to neutral) and then dried over arbys NaSQ,. Evaporation of the solvent and
purification of the residue in desired solvent fahed the methyl-4-phenyl-3-oxo butyrate
derivatives.

Synthesis of Methyl-4-(2,4,5-trifluorophenyl)-3-oxo butyrate (1a)

White crystalline powder. Yield: 52 %:; HPLC Puri§9 %: mp: 39-41°C; FT-IR (cil): 1737
(C=0 of ester), 1635 (C=0 of ketoné}iNMR (ppm, CDC}): & 3.5 (s, 2H, -CH), 5 3.7 (s, 3H,
-OCHa), & 3.8 (s, 2H, -CH), & 6.9 (m, 1H, Ar),5 7.0 (m, 1H, Ar);**CNMR (CDCE/TMS): &
41.91, 48.28, 52.41, 105.43, 116.67, 119.25, 145148.01, 150.62, 154.69, 157.08, 167.09,
172.64, 174.20 and 197.89; ESI-MS (m/z %): 24W4X).

Synthesis of Methyl-4-(4-fluorophenyl)-3-oxo butyrate (1b)

Yellow Oil. Yield: 55 %; HPLC Purity> 90 %;FT-IR (cmi®): 1749 (ester C=0), 1718 (C=0 of
ketone);*HNMR (ppm, CDC}): & 3.4 (s, 2H, -Ch), § 3.7 (s, 3H, -OCHh), § 3.8 (s, 2H, -Ch), 5
7.0 (t, 2H,J = 8.6 Hz, A8 7.1 (dt, 2HJ = 2.0 & 6.0 Hz, Ar);*CNMR (CDCK/TMS): § 47.87,
48.63, 52.12, 115.52, 128.79, 129.50, 130.59, 131.60.66, 167.29 and 199.99.

Synthesis of Methyl-4-(4-chlorophenyl)-3-oxo butyrate (1c)

Pale yellow crystalline powder. Yield: 63 %; mp:-88 °C; FT-IR (cn): 1742 (C=0 of ester),
1714 (keto C=0)*HNMR (ppm, CDC}): 6 3.4 (s, 2H, -Ch), § 3.7 (s, 3H, -OCH), 5 3.8 (s, 2H,
-CHy), 8 7.1 (dd, 2HJ = 2.0 & 6.5 Hz, Ar) and 7.3 (dd, 2HJ = 2.0 & 6.5 Hz, Ar);*CNMR
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(CDCI/TMS): § 48.03, 48.96, 52.33, 128.86, 130.82, 131.45, B3387.29 and 199.63; ESI-
MS (m/z %): 227.2 (M+1) & 229.3 (M+2).

Synthesis of Methyl-4-(4-bromophenyl)-3-oxo butyrate (1d)

Pale yellow crystalline powdeYield: 48 %;mp: 48-50 °C; HPLC purity: 100 %; FT-IR (ct):
1743 (ester C=0), 1714 (keto C=GHNMR (ppm, CDC}): 5 3.4 (s, 2H, -Ch), § 3.72 (s, 3H, -
OCHg), 6 3.79 (s, 2H, -Ch), 6 7.07 (d, 2H,J = 8.0 Hz, Ar),s 7.46 (d, 2H,J = 8.0 Hz, Ar);
¥CNMR (CDCL/TMS): & 48.05, 49.03, 52.35, 121.36, 131.19, 131.61, 131181.97, 167.29
and 199.55.

Synthesis of Methyl-4-(2-chlorophenyl)-3-oxo butyrate (1€)

Pale Yellow Oil. Yield: 50 %; HPLC purity: > 98 %T-IR (cmi®): 1749 (ester C=0), 1718 (keto
C=0):; *"HNMR (ppm, CDC}): § 3.52 (s, 2H, -Ch),  3.73 (s, 3H, -OCH), 5 3.97 (s, 2H, -Ch),

§ 7.21-7.26 (m, 3H, Ar), 7.37-7.40 (m, 1H, AIJCNMR (CDCK/TMS): § 47.47, 48.35, 52.28,
127.03, 128.91, 129.49, 131.76, 134.34, 167.32188d09.

Synthesis of Methyl-4-(2-bromophenyl)-3-oxo butyrate (1f)

Pale Yellow Oil. Yield: 52 %; HPLC purity: > 97 %T-IR (cmi®): 1748 (ester C=0), 1718 (keto
C=0):;'"HNMR (ppm, CDC4): & 3.53 (s, 2H, -Ch), & 3.74 (s, 3H, -OCh), 5 4.0 (s, 2H, -Ch),

6 7.16 (dt, 1HJ = 2.0 & 8.0 Hz, A6 7.23 (dd, 1HJ = 2.0 & 8.0 Hz, Ao 7.58 (d, 1HJ =
8.0 Hz, Ar),8 7.58 (d, 1H,J = 8.0 Hz, Ar);'*CNMR (CDCK/TMS): & 48.40, 49.83, 52.20,
124.83, 127.47, 129.0, 131.73, 132.69, 133.65, 26aAnd 198.88.

Synthesis of Methyl-4-(3-chlorophenyl)-3-oxo butyrate (29)

Pale Yellow Oil. Yield: 50 %; HPLC purity: > 98 %T-IR (cm’): 1749 (ester C=0), 1718 (keto
C=0); '"HNMR (ppm, CDC}): 5 3.52 (s, 2H, -Ch), § 3.73 (s, 3H, -OCH), 5 3.97 (s, 2H, -Ch),

§ 7.21-7.26 (m, 3H, Ar)$ 7.37-7.40 (m, 1H, Ar)**CNMR (CDCK/TMS): § 47.47, 48.35, 52.28,
127.03, 128.91, 129.49, 131.76, 134.34, 167.32188M9.

Synthesis of Methyl-4-(4-methyl phenyl)-3-oxo butyrate (2h)

Pale Yellow Oil. Yield: 40 %; HPLC purity: > 96 %T-IR (cm’): 1749 (ester C=0), 1718 (keto
C=0); *HNMR (ppm, CDC}): § 2.32 (s, 3H, -Ch), & 3.44 (s, 2H, -Ch), & 3.70 (s, 3H, -OCH),

8 3.76 (s, 2H, -ChH), 5 7.08 (d, 2H,J = 8.0 Hz, Ar),5 7.14 (d, 2HJ = 8.0 Hz, Ar);"*CNMR
(CDCI/TMS): 6 21.08, 47.88, 49.71, 52.34, 89.75, 129.32, 12914®.59, 130.11, 137.08,
167.61 and 200.66.

Synthesis of Methyl-4-(3,5-dimethyl phenyl)-3-oxo butyrate (2i)

Pale Yellow Oil. Yield: 45 %; HPLC purity: > 93 %T-IR (cmi®): 1747 (ester C=0), 1716 (keto
C=0); 'HNMR (ppm, CDC}): & 2.29 (s, 6H, 2(-Ch), & 3.43 (s, 2H, -Ch), & 3.71 (s, 3H, -
OCHy), § 3.73 (s, 2H, -Ch), & 6.81 (s, 1H, Ar)p 6.85 (s, 1H, Ar) 6.91 (s, 1H, Ar)*CNMR
(CDCI/TMS): 6 21.12, 46.78, 49.51, 51.14, 127.75, 128.32, 129129.59, 137.01, 137.18,
170.61 and 200.66.

Synthesis of Methyl-4-(4-methoxyphenyl)-3-oxo butyrate (2))

Pale Yellow Oil. Yield: 47 %; HPLC purity: > 93 %T-IR (cmi®): 1749 (ester C=0), 1718 (keto
C=0); '"HNMR (ppm, CDC}): 5 3.44 (s, 2H, -Ch), 8 3.70 (s, 3H, -OCH), 5 3.75 (s, 2H, -Ch),

§ 3.79 (s, 3H, -OCh), & 6.87 (d, 2HJ = 8.0 Hz, Ar),5 7.11 (d, 2HJ = 8.0 Hz, Ar);"*CNMR
(CDCI/TMS): 6 47.72, 49.06, 52.22, 55.13, 113.91, 114.18, 129.86.17, 130.49, 158.78 and
167.53.
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Synthesis of Methyl-4-(3,4-dimethoxyphenyl)-3-oxo butyrate (2k)

Pale Yellow Oil. Yield: 39 %; HPLC purity: > 90 %T-IR (cm?): 1748 (ester C=0), 1718 (keto
C=0): *HNMR (ppm, CDC}): & 3.46 (s, 2H, -Ch), 8 3.71 (s, 3H, -OCH), 5 3.76 (s, 2H, -Ch),

6 3.87 (s, 6H, 2(-OC}}, 6 6.71 (d, 1HJ = 2.0 Hz, Ar),6 6.75 (d, 1HJ = 2.0 & 8.0 Hz, And
6.82 (d, 1H,J = 8.0 Hz, Ar);"*CNMR (CDCK/TMS): § 47.51, 49.38, 52.10, 55.64, 111.22,
112.28, 121.58, 125.39, 148.13, 148.93, 167.432800.

RESULTSAND DISCUSSION

4-phenyl-3-oxo butyrate derivativdsare the key structural unit of many potent moleswduch
as gliptins(Scheme 1)[13] and quinolone antibiotics [14]. Most of thepogted syntheses to
construct this structural segment proceeded frasoramon synthetic approach, the reaction of
phenyl acetyl chloride with meldrum’s acid or maginen enolate of diethyl malonate to give the
diester intermediate, which is partially hydrolyzawd decarboxylated to gétBut, this process
is tedious by the selective partial hydrolysishaf tiester intermediate.

. 3 .H3PO, . H,0
2,4,6-collidine —— N —N
F Cl OCH; O/ N
la CFs3
Sitagliptin phosphate

4

Scheme 1: Synthesis of sitagliptin phosphate

Shin et al. have widely used the application ofi®lareaction in an expedient synthesis of a
statin (Scheme 2)[8] and quinolone antibiotic intermediatéScheme 3) i.e. Ethyl 2,6-dichloro-
5-fluoronicotinoylacetate8 which is converted to Enoxacin, Tosufloxacin, Tafdoxacin,
Gemifloxacin etc.

~ Br -
Zn
CN Zn (2 equiv) RN H* O O
ol R
5 (1.6 equi) N NOEt
THF, reflux
5 — —J
Scheme 2: Synthesis of statin inter mediate from benzonitriles
cl
Fo CN [ /ZQ
KO,CCH,CO,Et +
I\//E e Al H_’ F S COOMe
DCE, reflux cl N Cl
7

Scheme 3: Synthesis of quinolone antibiotic inter mediate
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For more than a decade many developments were pd&ea in the construction of C-C bonds in
organic synthesis in an incremental manner thrquigheering studies. Wittig reaction, Diels-
Alder reaction, Friedel-crafts reaction, Reformgtskaction, Heck reaction, Suzuki coupling
etc. are those reactions named after their dises/eBimilar type of reaction is the Blaise
reaction(Scheme 4) in which a nitrile10 is reacted with zinc enolate of ethyl bromoacetatéo
give the required?2 (B-keto ester).

1.Zn
RCN + BrCH,COOR ———- RCOCHCOOR

2. HO"
10 11 12

Scheme 4: Synthesis of B-keto ester through Blaise reaction

In this paper we report the preparation of methphényl-3-oxo butyrate derivativds-m from
phenylacetonitriles by treatment with potassiumhylemalonate and zinc chloride. Most of the
products are oils and some are crystalline solidh wefinite melting points. All these
derivatives are characterized by their spectratagtarization. Although the reaction is effective
with benzonitriles, but showed moderate reactivitycase of benzyl cyanides. In most of the
cases the reaction did not go to completion. Urtteehstarting material is present even after
adding excess of zinc chloride, potassium methglomate and refluxing for 60 hours. The
unreacted starting material (10 to 40%) is recavawed repeated the conversion successfully.

In contrast to the more feasibility of the decarjative Blaise reaction in benzonitriles, the
initiation and rate of reaction is very slow in easf benzyl cyanides. No product formation is
observed for the initial 3 hours of reaction.Tocfrthe decarboxylation reaction in benzyl
cyanides, the reaction is conducted with 0.5, 2.0, 2.5 and 3.0 equivalents of zinc chloride
along with 1.0, 1.5, 2.0, 2.5 and 3.0 equivalerftpaassium methyl malonate respectively.
Among these 2:2 equiv ratios of zinc chloride amtapsium methyl malonate showed better
conversion. The conversion is also tried with othewis acids like magnesium chloride and
copper chloride using ethylene dichloride as tlaetion medium. Copper chloride showed very
low reactivity (only 10%) and magnesium chloridd dot show any of the desired reactivity.

ZnC|2 oM
T CN COOK N €
x—./jA / EDC N
X tHLL x| 6 &
\Y COOMe 75° - 80°C \4\
reflux Y
2 3 1
Phenylacetonitrile Potassium methyl Methyl-4-phenyl-3-oxo
mal onate butyrate

Scheme 5: Synthesis of methyl-4-phenyl-3-oxo butyrate derivatives
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Table 1. M ethyl-4-phenyl-3-oxo butyrate derivatives from phenylacetonitriles 1a-m

Entry Phenylacetonitrile Product Time M.P HPLC Recove | Yield
[STM] (Hrs) (°C) Purity |red (%)
(%) STM
(%)
1 F F OCH; | 80 39-41 99 10 52
e CN W ’
E FO O
E F
1b CN OCH3 | 60 oil 90 32 55
F
1c /@ACN WOCHs 85 42-43 | 97 15 63
O O
Cl
Cl
1d CN OCHs | 80 48 - 49 100 29 48
Br
le E;CCN WOCHg 90 Oil 98 28 50
a c© O
1f CN OCH3 | 95 oil 97 26 52
Crry
Br Br
1g cl cl OCH; | 80 il 97 30 49
1h /©/\CN WOCHs 86 o]] 96 42 49
O O
HsC
H,C :
i H3C CN HsC OCHz | 90 oil 93 20 45
TS
CHs
HLC
1j OACN O/@/WOCHs 70 Oil 93 40 47
0 O
HsC
H,CO :
1k CN O/@/WOC'% 85 oil 90 28 39
0O O
HaC
H3C ’ OCH,
OCH;
1 CN OCH;3 | 80 Oil 47 45 47
SRR
im /©/\CN WOCHS 80 - - 99 NR
O O
O,N
O,N ?
a. Isolated yield, b. % conversion in HPLC. NR = No Reaction
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CONCLUSION

In conclusion, we have demonstrated a mild and rgénerocess for the conversion of
phenylacetonitriles to methyl-4-phenyl-3-oxo butgraderivatives, compared to other
commercial processes, which are having drawbacksaadr temperature conditions, exothermic
nature, use of expensive materials, lachrymatogmbiacetates and less stable acid chlorides.
And the obtained derivatives are important buildahocks for many heterocyclic derivatives and
potent molecules.
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