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Active methylene compounds are selectively monoalkylated with alkyl halides in benzene using 1,8-diazabi-

cyclo[5.4.0]undec-7-ene (DBU) as a base.
in a polar solvent.
the (E)-enol esters stereoselectively.

Alkylation and acylation of active methylene com-
pounds are important reactions in organic chemistry
and have been studied extensively.? Most reactions
have been carried out in hydroxylic or dipolar aprotic
solvents, for the anion species of active methylene com-
pounds are not soluble in less polar solvents. Recent
development of phase transfer method® or the method
of ion pair extraction® has enabled this reaction to be
carried out in a nonpolar solvent. The merits of the
reaction in a nonpolar solvent are found in the simple
work-up better yields and better selectivity.?>=% In a
previous paper it has been shown that carboxylic acids
are esterified with alkyl halides in the presence of
1,8-diazabicyclo[5.4.0]Jundec-7-ene (DBU) in benzene.5
In this paper we wish to report that active methylene
compounds are alkylated or acylated with alkyl halides
or acyl halides, respectively, in the presence of DBU.
The new procedure is noteworthy for affording the
selectively monoalkylated products in alkylation of active
methylene compounds and the (£)-enol esters stereo-
selectively in acylation of ethyl acetoacetate.

Results and Discussion

Alkylation of active methylene compounds (Ia—f)
was carried out as follows. A mixture of Ia—f, DBU,
and alkyl halides (RX) in benzene was stirred at room
temperature for an appropriate period, after which the
DBU-hydrogen halide (DBU-HX) was either filtered
off or washed out with water from the reaction mixture.
The products were purified by distillation, recrystalliza-
tion or column chromatography. The products of the
reaction of Ia—c were also analyzed by GLPC to

Y DBU Y P 's

CH, + RX —— RCH + RRC + DBU.HX (I)
\Z benzene \Z \Z

Ia—f IIa—f IITa—f

Ia: Y=CN, Z=COOGC,H,
Ib: Y=CCH,, Z=CCH,
11 1l
e} 0
Ic: Y=CCH,, Z=COOCH,
I

Id: Y=COOCH,, Z=S0,C.H,-CH,-(p)
Ie: Y=CCH,, Z=SO,CH,

1l

e}
If: Y=CCH,, Z=S0,CH,

1l

Selectivity of monoalkylation decreases when the reaction is carried out
Ethyl acetoacetate is O-acylated with acyl halides in the presence of DBU in acetonitrile to give

determine the exact ratio of monoalkylation to dialkyl-
ation (II/III). Results are summarized in Table 1. The
O-alkylated products are also formed in alkylation of Ib
or Ic, but the yields of them are poor, so discussion of
O-alkylation is omitted in this paper.

The monoalkylated products (IIa—f) are important
intermediates in organic synthesis, for example, they are
readily coverted to the corresponding nitriles, ketones or
esters by dealkoxycarbonylation or desulfonylation, and
IIa, IIc, or IId can be the starting materials for the
preparation of @,f-unsaturated nitriles,® a,f-unsaturated
ketones,” or @,f-unsaturated esters,® respectively.

Alkylation of Ia—f has been done by various method,
but the present procedure has some advantages over the
conventional methods. First, the reaction proceeds in
benzene, making the work-up very simple. Secondly, as
seen in Table 1, the new procedure gives the monoal-
kylated products exclusively. In general, the selective
monoalkylation of relative stable carbanions involves
difficulties such as concurrent dialkylation. This prob-
lem becomes paticularly serious in alkylation of ethyl
cyanoacetate (Ia). Alkylation of Ia with ethyl iodide
was carried out under various conditions to search for
the best monoalkylation method. Results are summa-
rized in Table 2. As can be seen from Table 2, the
method using DBU in benzene gives monoalkylated
products more selectively than the other methods and
is far more superior to the ion pair extractive method of
Brondstrom® which has been the best monoalkylation
method known to date.'® The use of a nonpolar solvent
such as benzene is important for this selective monoal-
kylation, since the ratio of mono to dialkylation decreases
when the reaction is carried out in a polar solvent. The
ratio of monoalkylation increases when alkylation of Ia
is carried out in a nonpolar solvent, but such a
tendency is not observed in alkylation of the sodium
salt of Ia(Table 2). Brondstrom and Junggern also
point out that polarity of the solvent causes no appreci-
able effect on the ratio of mono to dialkylation in
alkylation of the tetrabutylammonium salt of Ia.

The concurrent occurrence of mono and dialkylation
can occur if the proton transfer equilibrium between the
unreacted anion (I-) and the monoalkylated product
(IT) is established at a rate comparable with that of the
alkylation process.’?) The small ratio of dialkylation in
the reaction using DBU in benzene can be explained by
assuming that this conditions suppress proton transfer
relative to alkylation. However, it is difficult to discuss
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TABLE 1. ALKYLATION OF ACTIVE METHYLENE COMPOUNDs (Ia—f) wite ALKYL
HALIDES (RX) IN BENZENE IN THE PRESENCE oF DBU
iti 9 .
Substrate RX Time (h) Composition of products (%) Isolated Xlel d
™ 1 1 Vo of II (%)

Ia C,H,1 3.0 9 83 8 80
Ia n-CH,I 3.0 17 76 7
Ia -C,H,I 4.0 38 61 1
Ia n-C,HyBr 15.0 8 88 4 65
Ia n-CH,l 5.0 6 90 4 77
Ib C,H;I 2.0 11 81 5 3
Ib n-CgH, I 4.5 8 82 4 6
Ib n-CyHyBr 6.5 9 80 1 10
Ic C,H;1 1.0 7 85 3 5
Ic n-C,H,I 3.0 6 87 0 7
Id n-CyHyBr 15.0 93
Id n-CgH,,Br 15.0 81
Id CH,=CH-CH,Br 15.0 96
Ie CH,I 1.0 80
Ie C.H;I 5.0 76
If CH,=CH-CH,Br 5.0 80
If n-CsH, I 15.0 72

a) Starting materials. b) Monoalkylated products.

TABLE 2. EFFECTS OF BASE AND SOLVENT ON ALKYLATION
OF ETHYL CYANOACETATE WITH ETHYL IODIDE

Composition of
products (%)

Base Solvent _

™ I» III®
DBU benzene 9 83 8
DBU THF 18 72 10
DBU CH,CN 17 66 17
DBU DMF 8 64 28
NaH THF 26 29 45
NaH CH,CN 23 55 22
NaH DMF 9 58 33
C,H;ONa C,HOH 21 42 37
(n-C,H,),N+OH- CHCI, 14 72 149

b) Monoalkylated products.
d) Data from Ref. 4a.

a) Starting materials,
c) Dialkylated products.

this matter further at the present stage, for we do not
have the precise information about the structures of the
reactive species in such solvents.1?

Recently, it has been reported that DBU is effective
as a base for dialkylation of active methylene compounds
in N,N-dimethylformamide (DMF).1® This and the
results in Table 2 tell us that the use of DBU in a polar
solvent is preferable when dialkylation or second alkyla-
tion in stepwise alkylation of I is the desired reaction.
In fact, alkylation of Ia successively with butyl iodide
in benzene and with ethyl iodide in DMF gave ethyl
2-cyano-2-ethylhexanoate in a good overall yield (60 %).
The second step could also be carried out in benzene,
but the reaction proceeded more slowly in benzene than
in DMF.

COOC,H;
DBU !
Ia + n-CH,I — n-C,Hy—CH (2)
benzene é N

(77%)

c) Dialkylated products.

d) O-alkylated products.

COOC,H; oBU COOC,H,
1-CuHy—CH + GC,H,I —> n-C,H,~C~C,H, (3)
& e
(78%)

Acylation of ethyl acetoacetate with acyl chlorides was
carried out in the presence of DBU. Various bases such
as sodium hydride, triethylamine, or pyridine have so
far been used for this reaction. In general, the reaction
using sodium hydride gives the C-acylated products and
the reaction using triethylamine or pyridine gives the
O-acylated products consisted of the mixture of the E
and Z enol esters.’ The composition of these mixtures
depends on the initial concentration of the enolate, for
acyl chlorides are much more reactive than most alkylat-
ing reagents. The DBU salt of ethyl acetoacetate upon
treatment with acyl chlorides gave the E enol esters
stereoselectively, the selectivity became poor when acyla-
tion was carried out in benzene. The results of acylation
are summarized in Table 3. Selectivity of the formation
of the E isomers is poor in acylation induced by triethyl-
amine. These results suggest that the reactive forms of
the enolate consist of the mixture of the E and Z form
and the ratio of them depends on the nature of solvent
and bases. The 'H NMR and carbon spectra indicate
that the triethylamine salt of f-dicarbonyl compounds
in a nonpolar solvent is best described as one in which
the chelated enol form of g-dicarbonyl compounds is
hydrogen bonded to triethylamine.'® From the analogy
of the triethylamine salt, the DBU salt is also considered
as the similar hydrogen bonded complex in a nonpolar
solvent. In a polar solvent, these complexes become
the solvent separated ions, where the E conformation
would be preferred since the oxygen atoms bearing
negative charge are maximally separated. The DBU salt
is more easily solvated than the triethylamine salt, for
the DBU salt has a larger and more delocalized cation
than the triethylamine salt.
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Consequently, acylation of ethyl acetoacetate with acyl
chlorides using DBU in acetonitrile gives the £ enol
esters stereoselectively. For synthetic purposes, the E
enol esters are very important, for the reaction of them
with dialkyl cuprates gives the E isomers of f-dialkyl-«,
p-unsaturated esters in good yields with high stereospeci-
ficity, which are important intermediates in the synthe-
sis of natural products.'¥

TaBLE 3. THE REACTION OF ETHYL ACETOACETATE
WITH ACYL CHLORIDE IN THE PRESENCE oF DBU

Isomer distribu-

RCCl1 Sol Yield tion of product
olvent o/ \a
Il (%)® e
E(%)  Z(%)
CH,;CCl CH,CN 53 97 3
It
O
C.H;CCl CH,CN 79 97 3
Il
(CH,;),CCCl1 CH,CN 95 100 0
I
CH;CCl benzene 55 67 33
I
o
C.H;CC1 CH,CN™ 75 84 16
I
0]

a) Yield of isolated products.
used as a base.

b) Triethylamine was

In summary, DBU can be used as a base for alkylation
of various active methylene compounds and acylation of
ethyl acetoacetate, and the reaction proceeds both in a
polar and in a nonpolar solvent. The merit of the use
of DBU can be found in that the reaction course is easily
controlled by polarity of the solvent.

Experimental

Solvents, DBU, and other commercially obtained materials
were purified by distillation. The IR spectra were recorded
with a Hitachi 215 spectrophotometer. The 1H NMR spectra
were recorded using a JEOL PS-100 spectrometer with TMS
as an internal standard. GLPC analyses were performed with
a Varian Aerograph 920 using a column containing Silicone-
DC-550 (209,). Most of the starting materials and products
were prepared by the literature methods. Sulfonyl ester (Id)
was prepared by the reaction of methyl chloroacetate with
sodium p-toluenesulfinate in DMF.2®) Keto sulfone (Ie) was
prepared by the reaction of ethyl benzoate with the anion of
dimethyl sulfone.'” Keto sulfone (If) was prepared by the
reaction of chloroacetone with sodium benzenesulfinate in
DMF.1®

Alkylation of Ia—c. A solution of alkyl halides (0.01
mol) in benzene (10ml) was added to a stirred solution
containing Ia—c (0.01 mol) and DBU (0.01 mol) in 50 ml of
benzene. The reaction mixture was stirred at room tempera-
ture for the period indicated in Table 1, then washed with
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water, and the organic layer was dried over anhydrous magne-
sium sulfate. After removal of the solvent the residue was
analyzed by GLPC. The results are given in Table 1. Some
typical procedure to isolate the pure products is given below.
Physical and spectral properties of the products are in good
agreement with the literature value.

Ethyl 2-Cyanohexanoate (Ila, R=n-CyH,) from Butyl Bromide.

A solution of butyl bromide (13.7 g, 0.1 mol) in 50 ml of
benzene was added to a solution of ethyl cyanoacetate (11.3 g,
0.1 mol) and DBU (15.2 g, 0.1 mol) in 100 ml of benzene and
the mixture was stirred at room temperature for 15h. The
reaction mixture was then washed with water, the organic
layer was dried over anhydrous magnesium sulfate, and distill-
ed. Ethyl 2-cyanohexanoate; bp 130°C/22 mmHg (lit,'® 108
°C/8 mmHg), 11.0 g (659, yield). NMR (CCl,) 6=0.95 (3H,
t, J=4.8Hz), 1.2—1.4 (7H, m), 1.9 (2H, m), 3.5 (1H, t,
J=5.6 Hz), 4.25 (2H, q, J=7.2 Hz); IR (neat) 2250 cm™!
(CN), 1740 cm~1 (C=0).

Ethyl 2-Gyanohexanoate from Butyl Iodide. A mixture of
ethyl cyanoacetate (6.7 g, 0.05 mol), DBU (7.6 g, 0.05 mol),
and butyl iodide (9.2 g, 0.05 mol) in 150 ml of benzene was
stirred at room temperature for 5 h, and was worked up as
above to give ethyl 2-cyanohexanoate (6.5g, 779% vyield).
The purity of the product was more than 95 9%,.

Ethyl  2-Gyano-2-ethylhexanoate. A mixture of ethyl
2-cyanohexanoate (3.4 g, 0.02 mol), DBU (3.1g, 0.02 mol),
and ethyl iodide (3.2 g, 0.02 mol) in 50 ml of DMF was
stirred at room temperature for 5 h. The reaction mixture
was worked up as above. Ethyl 2-cyano-2-ethylhexanoate;
bp 141 °C/22 mmHg, 3.1 g (78%, yield). NMR (CCl,) 6=0.9
(6H, t, J=4.8 Hz), 1.25 (3H, t, J=7.2 Hz), 1.3 (4H, m), 1.8
(4H, m), 4.2 (2H, q, J=7.2 Hz); IR (neat) 2250 cm-! (CN),
1740 cm—* (C=0).

Ethyl 2-Cyanobutanoate (Ila, R=C,H;). A mixture of
ethyl cyanoacetate (10.4 g, 0.1 mol), DBU (15.2 g, 0.1 mol),
and ethy iodide (15.6 g, 0.1 mol) in 200 ml of benzene was
stirred at room temperature for 3 h. The reaction mixture
was then worked up as above to give 2-cyanobutanoate (11 g,
809 yield, bp 109 °C/29 mmHg) which contains ethyl cyano-
acetate (about 5%) and dialkylated product (about 59,).
They could not be separated by simple distillation.

Alkylation of Id. Methyl 2-(p-Tolylsulfonyl)hexanoate (IId,
R=n-C,H,). A mixture of Id(11.0 g, 0.05 mol), DBU
(7.6 g, 0.05mol), and butyl bromide (6.9g, 0.05 mol) in
benzene (150 ml) and DMF (5 ml) was stirred at room tem-
perature for 15h. The reaction mixture was then washed
with water and the organic layer was dried over anhydrous
magnesium sulfate. After removal of the solvent, the residue
was chromatographed on silica gel with benzene as an eluent
to give methyl 2-(p-tolylsulfonyl) hexanoate (13.6g, 939
yield). Mp 54—55 °C; NMR (CDCly) 6=0.9 (3H, t, J=4.8
Hz), 1.28 (4H, m), 1.90 (2H, m), 2.48 (3H, s), 3.60 (3H, s),
3.70 (1H, t, J=5.6 Hz), 7.3 (2H, d, /=8.0 Hz), 7.6 (2H,d, /=
8.0 Hz) ; IR (Nujol) 1740 cm~1 (C=0), 1320, 1140 cm~ (SO,).

Methyl 2-(p-Tolylsulfonyl)decanoate (IId, R=n-CgH,,).
A mixture of Id (2.3 g, 0.01 mol), DBU (1.52 g, 0.01 mol), and
octyl bromide (1.94 g, 0.01 mol) in benzene (20 ml) and DMF
(5 ml) was stirred at room temperature for 15 h. The reaction
mixture was worked up as above, and the crude product was
chromatographed on silica gel with benzene as an eluent to
give methyl 2-(p-tolylsulfonyl)decanoate as a colorless oil in
81 9, yield (2.7g). NMR (CDCl;) 6=0.88 (3H, t, J=4.8
Hz), 1.22 (12H, m), 1.82 (2H, m), 2.42 (3H, s), 3.60 (3H, s),
3.70 (1H, s, J=>5.6 Hz), 7.30 (2H, d, J=8.0 Hz), 7.60 (2H, d,
J=8.0Hz) ; IR (neat) 1740 cm~! (C=0), 1320, 1140 cm~1 (SO,).

Methyl 2-( p- Tolylsulfonyl )-4-pentenoate( Ild,R=CH,~CH=CH, ).

A mixture of Id (4.56 g, 0.02 mol), DBU (3.04 g, 0.02 mol),
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and allyl bromide (2.44 g, 0.02 mol) in benzene (100 ml) and
DMF (5 ml) was stirred at room temperature for 5h. The
reaction mixture was worked up as above to give methyl
2-(p-tolylsulfonyl)-4-pentenoate (5.1 g, 969, yield) as a color-
less oil. NMR (CDCl,) 6=2.40 (3H, s), 2.60 (2H, m), 3.60
(3H, s), 3.80 (3H, s), 5.00 (2H, m), 5.58 (1H, m), 7.25 (2H,
d, /=8.0 Hz), 7.60 (2H, d, /=8.0 Hz); IR (neat) 1740 cm~1
(C=0), 1600 cm~! (C=C), 1320, 1140 cm~? (SO,).

Alkylation of Ie. a-Methylsulfonylpropiophenone (Ile, R=CH,).

A mixture of Ie (1.0 g, 0.005 mol), DBU (0.76 g, 0.005 mol),
and methyl iodide (0.71 g, 0.005 mol) in benzene (10 ml) and
DMF (2 ml) was stirred at room temperature for 1 h. The
reaction mixture was then washed with water and the organic
layer was dried over anhydrous magnesium sulfate. After
removal of the solvent, the residue was recrystallized from
ethanol to give colorless needles (0.85 g, 809, yield), mp 55
°C (Iit,’» 56—57 °C). NMR (CDCl,) 6=1.80 (3H, d, J=7.8
Hz), 2.98(3H, s), 4.98 (1H, q, /=7.8 Hz), 7.7—8.2 (5H, m).

a-Methylsulfonylbutyrophenone (Ile, R—=C,Hy). A mixture
of Ie (1.0 g, 0.005 mol), DBU (0.76 g, 0.005 mol), and ethyl
iodide (0.8 g, 0.005 mol) in benzene (10 ml) and DMF (2 ml)
was stirred at room temperature for 5 h. The reaction mixture
was worked up as above, and the crude product was recrystal-
lized from ethanol to give the product (0.86 g, 76 9, yield) as
colorless needles, mp 110 °C (1it,!» 113 °C). NMR (CDCl,)
6=1.0 (3H, t, J=7.8 Hz), 2.3 (2H, q, J=7.8 Hz), 1.98 (3H,
s), 4.80 (1H, t, J=7.8 Hz), 7.5—7.8 (5H, m).

Alkylation of If. 3-Phenylsulfonylhex-5-¢n-2-one (IIf, R= CH,~
CH=CH,). A mixture of If (1.93g, 0.01 mol), DBU
(1.52 g, 0.01 mol), and allyl bromide (1.27 g, 0.01 mol) in 50
ml of benzene was stirred at room temperature for 5 h. The
reaction mixture was worked up as above, and the crude
product was chromatographed on silica gel with benzene as
an eluent to give the product (1.8 g, 809, yield) as a colorless
oil. NMR (CCl,) 6=2.30 (3H, s), 2.50 (2H, m), 4.15 (1H, t,
J=7.2 Hz), 5.00 (2H, m), 5.51 (1H, m), 7.6 (5H, m); IR
(neat) 1725 cm™! (C=0), 1310, 1140 cm* (SO,).

3-Phenylsulfonyl-3-hexanone (IIf, R=n-C;H,). A mixture
of IIf (1.93 g, 0.01 mol), DBU (1.52 g, 0.01 mol), and propyl
iodide (1.7 g, 0.01 mol) in 50 ml of benzene was stirred at
room temperature for 15 h. The reaction mixture was worked
up as above and the crude product was chromatographed on
silica gel with benzene as an eluent give the product (1.7g,
72 %, yield as a colorless oil. NMR (CCl,) 6=0.85 (3H, t,
J=4.8 Hz), 1.20 (2H, m), 1.78 (2H, m), 2.38 (3H, s), 4.16
(1H, t, J=5.6 Hz), 7.6—7.9 (5H, m); IR (neat) 1725 cm—1
(C=0), 1310, 1140 cm—* (SO,).

General Procedure of Acylation of Ethyl Acetoacetate. A
solution of an acyl chloride (0.012 mol) in 10 ml of acetoni-
trile was added dropwise over 30 minutes to a stirred solution
of ethyl acetoacetate (1.3 g, 0.01 mol) and DBU (1.8 g, 0.012
mol) in 10 ml of acetonitrile maintained below 5 °C by an ice
bath. The reaction mixture was then stirred at room tem-
perature for 3 h and was worked up by addition of water and
ether, separation, and extaction of water layer with ether.
The combined ethereal layers were washed with water, dried
over anhydrous magnesium sulfate, and distilled to give the
O-acylated product (enol ester), and the E/Z ratio of the
product was determined by GLPC. The yield and the E/Z
ratio of the product are given in Table 3. The following enol
esters were prepared by this procedure.

Ethyl (E)-3-Benzoyloxy-2-butenoate: Bp 112 °C/0.4 mmHg
(lit,"» 111 °C/0.4 mmHg); NMR (CCl,) 6=1.30 (3H, t,
J=17.2Hz), 2.45 (3H, s), 4.20 (2H, q, /=7.2 Hz), 5.82 (1H,
s), 7.2—8.2 (5H, m) ; IR (neat) 1750, 1725 cm~1 (C=0).

Ethyl (E)-3-Acetoxy-2-butenoate: Bp 110 °C/19 mmHg (1it,14*)
78 °C/5 mmHg); NMR (CCl,) 6=1.25 (3H, t, J=7.2 Hz),
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2.10 (3H, s), 2.30 (3H, s), 4.05 (2H, q, J=7.2 Hz), 5.50
(1H, s); IR (neat) 1755, 1730 cm—* (C=0).

Ethyl  (E)-3-Pivaloyloxy-2-butenoate: Bp 103 °C/3 mmHg
(1it,2» 100 °C/2.5 mmHg) ; NMR (CCl,) 6=1.26 (9H,s), 1.35
(3H, t, J=7.2 Hz), 2.32 (3H, s), 4.12 (2H, q, J=7.2 Hz),
5.55 (1H, s); IR (neat) 1755, 1730 cm~* (C=0).

The authors are grateful to the Sanyo Chemical Co.,
Ltd. (Kyoto) for the supply of DBU.

References

1) Nucleophilic Substitution Reaction in a Nonpolar Sol-
vent. Part IV. Part III; N. Ono, T. Yamada, T. Saito, K.
Tanaka, and A. Kaji, Bull. Chem. Soc. Jpn., 51, 2401 (1978).
For a preliminary communication on portions of this work,
see, N. Ono, T. Yoshimura, R. Tanikaga, and A. Kaji, Chem.
Lett., 1977, 871.

2) H. O. House, “Modern Synthetic Reactions,” 2nd ed,
Benjamin Inc., Menlo Park, Calif. (1972), p. 492 ff.

3) E. V. Dehmlow, Angew. Chem. Int. Ed. Eng., 13, 170
(1974), 16, 493 (1977).

4) a) A. Brondstrom and U. Junggern, Acta Chem. Scand.,
23, 2203 (1969); b) A. Brondstrom and U. Junggern, Acta
Chem. Scand., 23, 2204 (1969); c¢) A. Brondstrom and U.
Junggern, Acta Chem. Scand., 23, 3585 (1969); d) A. Bréndstrom
and U. Junggern, Acta Chem. Scand., 25, 1469 (1971).

5) N.Ono, T. Yamada, T. Saito, K. Tanaka, and A. Kaji,
Bull. Chem. Soc. Jpn., 51, 2401 (1978).

6) N. Ono, H. Eto, R. Tamura, J. Hayami, and A. Kaji,
Chem. Lett., 1976, 757.

7) N. Ono, R. Tamura, J. Hayami, and A. Kaji, Chem.
Lett., 1977, 189.

8) N. Ono, R. Tamura, J. Hayami, and A. Kaji, Tetra-
hedron Lett., 1978, 763.

9) For example, alkylation of ethyl isocyanoacetate or
tosylmethyl isocyanide affords mainly dialkylation products:
U. Schollkopf, D. Hoppe, and R. Jentsch, Chem. Ber., 108,
1580 (1975). A. M. van Leusen, G. J. M. Boerm, R. B.
Helmbholdt, H. Siderius, and J. Strating, Tetrahedron Lett., 1972,
2367.

10) a) R. B. Miller and B. F. Smith, Synth. Commun., 3, 413
(1973), where monoalkylation of methyl cyanoacetate was
carried out by the extractive alkylation procedure; b) A. M.
van Leusen, R. J. Bouma, and O. Possel, Tetrahedron Lett.,
1975, 3487, where monoalkylation of tosylmethyl isocyanide
was carried out by the phase transfer procedure.

11) L. M. Jackman and B. C. Lange, Tetrahedron, 33, 2737
(1977).

12) The triethylamine salt of I is proposed to be hydrogen
bonded between triethylamine and I in a nonpolar solvent.!%
If the DBU salts of I are also hydrogen bonded in a similar
way in benzene, such anions may suppress proton transfer.
But we have no data to support this idea at the present stage,

13) H. Oediger and F. Moller, Justus Liebigs Ann. Chem.,
1976, 348.

14) a) C. P. Casey and D. F. Marten, Tetrahedron Lett.,
1974, 925; b) C. Ouannes and Y. Langlois, Tetrahedron Leit.,
1975, 3461; c¢) M. Suama, Y. Murata, and K. Ichikawa,
Nippon Kagaku Zasshi, 91, 162 (1970).

15)7 M. Raban and G. Yamamoto, J. Org. Chem., 42, 2549
(1977).

16) G. Beck and D. Giinther, Chem. Ber., 106, 2758 (1973).

17) H. O. House and J. K. Larson, J. Org. Chem., 33, 61
(1968).

18) E. R. Alexander and A. C. Cope, J. Am. Chem. Soc., 66,
886 (1944).

19) B. Samuelsson and B. Lamm, Acta Chem. Scand., 25,
1555 (1971).

20) R. Gelin, S. Gelin, and A. Galliaud, Bull. Soc. Chim.
Fr., 1973, 3416.





