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CARBON-CARBON BOND FORMATION FROM ETHYL CYANOFORMATE
AND ACTIVE METHYLENE COMPOUNDS

Takamasa Iimori, Yasushi Nii, Toshio Izawa, Susumu Kobayashi, and Masaji Ohno*
Faculty of Pharmaceutical Sciences, University of Tokyo,
Bunkyo-ku, Tokyo 113, Japan

A new methodology which leads to o,B-unsaturated o-amino acids has
been developed through a carbon-carbon forming reaction using ethyl
cyanoformate and active methylene compounds in the presence of zinc
chloride and triethyl amine.

In the foregoing papersl’2 we described efficient routes to a variety of N-
substituted amidinoformic acids and regioselective synthesis of virazole, using
benzyl cyanoformate as a synthon. This note is primarily concerned with a new
carbon-carbon bond forming reaction using ethyl cyanoformate and active methylene
compounds. The reaction of nitriles and active methylene compounds has been in-
vestigated to some extent3, but no direct preparation of unsaturated a-amino
acids is reported. For instance, Tsuchihashi and his co-workers investigated a
reaction of nitriles and methyl methylthiomethyl sulfoxide and developed a meth-
odology to synthesize a-amino acids4, oa-keto acids, a~keto thioesters, and a-keto
amides by modification of enaminosulfoxide moiety5 (}). However, such a C-C bond
forming reaction is limited to the usual nitriles such as acetonitrile or benzo-
nitrile. Trichloroacetonitrile reacts easily with common nucleophiles including
aminese, alcohols7, and malonic acid ester7. However, trichloromethyl group of 2
resists base-catalyzed hydrolysis affording decomposed productss. Therefore, the
electron-withdrawing group cannot be used as a carboxvlic acid equivalent. Dor-
now and Grabhdéfer found that ethyl cyanoformate reacts with malononitrile in the
presence of triethylamine to afford ethyl 1,l-dicyanocacetate (g) by nucleophilic
substitution at the carbon of the esterg.
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We now report that regiospecific C-C bond formation between the cyano group
of ethyl cyanoformate and active methylene compounds has successfully been effect
ed by using a combination of Lewis acid and tertiary amine as the nucleophilic
addition reagent.

/X HZN\
Lewis acid _
E£0,CCN + HZC\ tertiary amine C=
Y Et02C Y
4 5 6

A systematic survey and experimental variation of tertiary amines and Lewis
acids for the nucleophilic addition was carried out as shown in Table I in case
of methyl acetoacetate and ethyl cyanoformate. The use of such combination for
this critical step is based on the idea of activating the cyano group selectively
with a Lewis acid through chelation and generating carbanion with a tertiary

Table I. Nucleophilic Addition of Methyl Acetoacetate to Ethyl Cyanoformatea

/COCH3 H2N COCH3
Lewis acid _
Et02CCN + HZC Base —— /C— \
CO,Me EtO,C CO,Me
2 2 5 2
Lewis Acidb Base Solvent Conditions 6 vield® (%)
ZnCl, Et;N CH2C12 refl. 3 h 92
ZnCl2 Et ;N CH2C12 0°, 1 h ——r. t., 6 h 85
zZnCl, Et N THF 0°, 25 h ——»> r. t., 5 h 57
ZnCl, Pyridine CH,C1, r. t., 6 h 20
ZnCl, a CH,Cl, r. t., 6 h 40
ZnCl2 DBU CH2C12 r. t., 6 h 40
ZnCl2 NaH THF 0°, 1h —— r. t., 24 h 50
ZnCl2 NaH CH2C12 0°, 30 min —— r. t., 12 h 65
ZnCl2 n-BuLi THF 0°, 30 min ~—— r. t., 24 h 42
BF3-OEt2 Et3N CHZCl2 0°, 1 h ——» r. t., 48 h 0
BF3-OEt2 NaH THF 0°, 2h —— r. t., 24 h 0
SnCl4 Et3N CH2C12 0°, 10 min —— r. t., 6 h 14
FeCl3 Et3N CH2C12 0°, 10 min ——» r. t., 6 h 10
TiCl4 Et3N CH2C12 0°, 10 min —— r. t., 6 h 12
AlCl3 Et3N CH2012 6°, 10 min —— r. t., 6 h 0
cul NaH THF 0°, 3 h 0¢
(a) Preparation of the adduct 6 was all performed on 1.0-2.0 mmol scales. (b)

Lewis acids and bases were used”in a little excess, 1.2 and 1.0-1.1 equiv, re-
spectively. (c) 1Isolated yields after preparative TLC. Product 6 showed mp 81-
82° after recrystallization from diethylether-hexane and exhibited™the expected
pmr, ir, and analytical data. (d) N-Methylmorpholine. (e) Only 2-methoxycar-
bonyl-3-oxobutanoic acid ethyl ester was obtained in poor yield.
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Table II. Carbon-Carbon Bond Formation between Ethyl Cyanoformate and Active
Methylene Compounds Using ZnClszt3N in cH,C1,?

2¢1s

5 Conditions vield® 6 (%), mp

_CoCH, refl. 3 h 92 , 81-82
Hy&co, me 0°, 1 h, then r. t., 6 h 85

,C02Me refl. 3 h 93 , 72.5-73
H2C\C02Me r. t., overnight 82

COCH, refl. 5 h 42 , 75-76
H2%cocH, r. t., 24 h 49

_CN refl. 3 h 63 , 114-115
H2Cco,Me r. t., 8 h 63

_CN . .
HZC\CN r. t., overnight 267, l44-146
CH,NO, 10°C overnight 189, 93-94

(a) The reactions were all performed on 1.0-2.0 mmol scales. (b) Isolated
yields after preparative TLC. All products exhibited the expected pmr, ir, and
analytical data. (c) Tetrahydrofuran was used as solvent. (d) The product was
confirmed to be one component probably stabler isomer by chelation based on ir
and nmr data.

amine8’9. The use of either component did not give any expected product. As
shown in Table II, methyl acetoacetate (§, X=COCH3, ¥=COOMe) and methyl malonate
(?, X=Y=C02Me) afforded the corresponding adducts 6 in excellent yields by use of
ZnClz—Et3N. Acetylacetone (§, X=Y=C0CH3), methyl cyanoacetate (§, X=CN, Y=C02Me),
and malononitrile (5, X=Y=CN) afforded the corresponding adducts 6 in fair to
good yields. Nitroﬁethane (§, X=H, Y=N02) gave adduct 6 in poor yield. No ad-
duct was obtained from methyl methylthiomethyl sulfoxide (§, X=S0CH4, Y=SCH3).

In case of methyl acetoacetate and ethyl cyanoacetate, the adduct 6 was found to

be a mixture of geometrical isomers based on the 13C—NMRlO, but it was difficult

to separate by TLC. Since cyanoformates are now easily availablel, the methodo-
logy developed here provides polyfunctional unsaturated amino acids and may be
useful for introduction of a variety of other amino acids and heterocyclic com-

pounds.

Reaction of ethyl cyanoformate with methyl malonate: To a suspension of ZnCl,
(3.271 g, 24 mmol) in 5 ml of CH2C12 were added ethyl cyanoformate 4 (2.378 g,
24 mmol) in 5 ml of CH2C12, methyl malonate f (2.642 g, 20 mmol) in 5 ml of
CH2C12, and Et3N (2.226 g, 22 mmol) in CH2C12 in order, under cooling with ice.
The solution was brought to room temperature and allowed to stand overnight with
stirring. The reaction mixture was washed with 20 ml of 2N-HCl and then with

saturated NaCl solution, and the organic layer was passed through a SiO., column.

2
Removal of the solvent under a reduced pressure afforded an oily substance which

solidified upon standing. It was recrystallized from ether-hexane, affording
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3.424 g of 6, mp 72-73°, (X=Y=COOMe) in 74% yield. The mother liquor was concen-
trated and Ehe concentrate was developed with preparative TLC (SiOz) using CH2C12
as an eluent, affording additional 6 (0.379 g, 8%).
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