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Reaction of Olefins with a-Cyanoacetamide in the Presence
of Manganese(III) Acetate
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2-Butenamides and 2-buten-4-olides are formed by the reaction of phenyl or 4-chlorophenyl-substituted
olefins with a-cyanoacetamide in the presence of manganese(III) acetate. On the other hand, aryl substituted
olefins having electron-donating groups are oxidized under similar reaction conditions to give 1,5-dihydro-
2H -pyrrol-2-ones and 3-ethenyl-2-pyrrolidones. All these reactions also produce glycols or ketones which are

given by the direct oxidation of these olefins with manganese(III) acetate.

The question whether an in-

termediate carbocation in the oxidation process cyclized on an oxygen or a nitrogen atom can be explained
by the hard and soft acids and bases (HSAB) concept. A possible mechanism for the formation of 2-buten-

amides and 2-buten-4-olides is proposed.

Recently, some useful annulation reactions using
manganese(III) salts have been reported. Manganese-
(IIT) acetate oxidation of alkenes in acetic acid gave
y-lactones,? and similar oxidation in the presence of
malonic acid or substituted acetic acid yielded spirodi-
y-lactones? or a-substituted p-lactones.® On the
other hand, alkenes were oxidized with tris(2,4-
pentanedionato)manganese(III) to produce dihydro-
furans in good yields.® One of the authors tried
spirodilactamization by the manganese(III) oxidation
of malonamide in the presence of alkenes. However,
this oxidation did not give spiroannulated products,
but a,B-unsaturated y-lactones and y-lactams along
with other products.?  This prompted us to
investigate the synthesis of y-lactam analogs, which
might be bioactive new compounds or precursors of
naturally occurring compounds, by the use of a-
cyanoacetamide instead of malonamide. It was found
that the reaction gave p-lactams and jp-lactones
together with some other products. We will describe
these results and discuss the factors which may govern
the mode of the cyclization either on a nitrogen atom
or an oxygen atom in the acetamide group.

Table 1.

Results and Discussion

When a mixture of 1,1-diphenylethene (la) and a-
cyanoacetamide was oxidized with manganese(III)
acetate, products 2a and 3a were obtained together
with small amounts of 4a, 5a, 8a, 9a, and
benzophenone (10a) (Table 1, Entry 1). The tH NMR
spectrum of 2a showed a singlet due to a vinylic
proton at 6 8.51 and the 13C NMR spectrum exhibited
three singlets assigned to two carbonyl carbons and a
cyano carbon. The IR spectrum of 2a revealed a
characteristic absorption band due to a,B-unsaturated
nitrile.  These spectral data indicated that the
structure of 2a was 4-acetoxy-2-cyano-4,4-diphenyl-2-
butenamide. However, the configuration of the C=C
double bond in 2a could not be determined. The
structures of 3a, 4a, 5a, 8a, and 9a were determined to
be 2-cyano-4,4-diphenyl-2-buten-4-olide, 2-carbamoyl-
4,4-diphenyl-2-buten-4-olide, 2-cyano-2-(2,2-diphenyl-
ethenyl)-4,4-diphenyl-4-butanolide, 3-cyano-3-(2,2-
diphenylethenyl)-5,5-diphenyl-2-pyrrolidone, and 4-
acetoxy-2-cyano-4,4-diphenylbutanamide, respective-
ly, on the basis of their spectral data. When a similar
reaction was carried out under anhydrous conditions,
the carbamoylbutenolide (4a) was not formed (Entry

Reaction of 1,1-Diphenylethene (la) with «-Cyanoacetamide in the Presence of

Manganese(ITI) Acetate at the Reflux Temperature

. Time Recovery Product (yield/%)®
Entry  Molar ratio® - 5
min % 2a 3a 4a 5a 8a 9% 10a
1 1:1:4 1 3 22 15 2 3 5 3 2
2 1:2:4 1 5 21 14 2 4 8 5 2
39 1:2:4 1 3 25 13 4 6 5 3
4 1:4:4 1 6 20 13 3 4 10 4 2
5 1:1:6 66 7 13 20 9 10 8
6 1:2:6 20 14 14 9 7 9 5
7 1:6:6 1 1 12 12 5 8 2 3

a) la : CH,(CN)CONH, : manganese(III) acetate.
Acetic anhydride (10 equivalents) was added.

b) The yields are based on the amount of the la used. c)
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3). On the other hand, the oxidation in a molar ratio
of la:a-cyanoacetamide:manganese(III) acetate=1:
1:6 gave 4a as the main product and the yield of 2a
decreased, although the reaction time has become
longer (Entry 5). It suggests that the 2a could be
hydrolyzed under the reaction conditions to yield 4a.
In fact, the 2a gave 4a (27%) on treatment with six
molar equivalents of manganese(II) acetate tetrahy-
drate, [Mn(OAc)z]-4H20, in boiling acetic acid for
2 h. The cyanobutenolide (3a) was also hydrolyzed in
the presence of manganese(II) acetate tetrahydrates to
yield 4a (21%). However, this route (3a—4a) would
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R’Ao’%-.om-b N R i
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e: R1=R2=4 -CHyCgH,, R3=H
f:R1=R2=4-CH30CgH,, R3=H
g: R'=Ph, R2=4-CH30CgH,,, R3=H

h:R‘,R2= ,R3=Ph

a:R1=R2=Ph, R3zH
b: R'=R2 = 4 -CICgHy, R3=H

c:R‘,R2= ,R3=Ph
d:R1=R2=R3=Ph

Fig. 1.
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not be important because the 3a was constantly
produced irrespective of the molar ratio.

The similar oxidations of 1,1-bis(4-chlorophenyl)-
ethene (1b), 9-benzylidene-9,10-dihydroanthracene (1c),
and 1,1,2-triphenylethene (1d) mainly produced buten-
amides (2b an 2c¢) and butenolides (3b and 3d) (Table
2, Entries 2-4).

On the other hand, 1,1-bis(4-methoxyphenyl)ethene
(If) was oxidized under similar reaction conditions to
yield 3-cyano-4-hydroxy-5,5-bis(4-methoxyphenyl)-1,5-
dihydro-2H-pyrrol-2-one (6f) and 3-cyano-3-[2,2-bis(4-
methoxyphenyl)ethenyl}-5,5-bis(4-methoxyphenyl)-2-
pyrrolidone (8f) along with small amounts of
4,4’-dimethoxybenzophenone (10f) and 1-acetoxy-2,2-
bis(4-methoxyphenyl)ethene (12f) (Table 2, Entry 6).

It has already been discussed that the reaction of
aryl-substituted olefins having electron-donating
groups with malonamide tends to give such N-cy-
clized products as 1,5-dihydro-2H-pyrrol-2-ones.? Reac-
tions of 1-(4-methoxyphenyl)-1-phenylethene (1g) and
9-benzylidene-9H-xanthene (1h) with a-cyanoacetam-
ide also yielded 1,5-dihydro-2H-pyrrol-2-ones (6g and
6h) and 3-ethenyl-2-pyrrolidone (8g). However, the
oxidation of 1h mainly gave 9-xanthenone (10h), 9-(a-
acetoxybenzyl)-9-xanthenol (11h), 9-(a-acetoxyben-
zylidene)-9H-xanthene (12h), and a,a-diacetoxytolu-
ene (14), which would be formed via an electron-
transfer mechanism. This mechanism is well-known
in manganese(III) acetate oxidation.1d.8

The structure of manganese(III) acetate has been
erroneously described in organic chemistry to be a
simple acetate, [Mn(OAc)3]-2H20, until a recent
date.5.7.® However, Fristad et al. explained the radical
mechanism for the manganese(III)-mediated y-lactone
annulation by use of the correct structure of
manganese(III) acetate: oxygen-centered triangle,
[Mn3O(OAc)s(OAc)(HOAC)]-5H20.1:9 In the man-
ganese(III)-a-cyanoacetamide system, a similar me-
chanism can be considered (Scheme 1), and com-
pound 3 or 6 would be formed via path A. On path A,
it was assumed that butanolide(I) might be a precursor
of 3 and 5. When 2-cyano-4,4-diphenyl-4-butanolide

Table 2. Reaction of Olefins (la—h) with a-Cyanoacetamide in the Presence of Manganese(III)
Acetate at the Reflux Temperature®:

Entry Substrate Recovery(%) Product (yield/%)®
1 la 5 2a(21) 3a(l4) 4a(2) 5a(4) 8a(8 9a(5) 10a(2
2 ib 11 2b (24) 3b(15) 9b(7) 10b(6)
3 1c 5 2¢(30) 12¢(30) 13(22)
4 1d 39 3d(30) 10a(trace) 11d (5)
5 le 3e (5) e (7) 6e(3) 7Te(l) Be(44) 10e(3)
6 1f 6f (23) 8f(33) 10£(5) 12£(3)
7 1g 6g(7) 8g (37)
8 1h 1 6h(14) 10h(26) 11h(40) 12h(7) 14(27)

a) 1: CH,;(CN)CONH, : manganese(III) acetate=1:2:4. b) The reactions were terminated within 1 min. c)
The yields are based on the amount of the substrate used.
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(I, R'=R2=Ph), which was prepared by an alternative
method,334:10  was oxidized with manganese(III)
acetate, 3a was not formed, while the oxidation of I
(R!'=R2=Ph) in the presence of la gave rise to 5a.
Therefore, one can consider another pathway (path B)
for the formation of 3 or 6 via 2-cyano-3-butenamide
(III) as a reaction intermediate. The intermediate III
was not isolated from the reaction products, probably
because III was more liable to be oxidized than the
parent olefin under the reaction conditions. However,
the involvement of III is suggested by the fact that
2,2-diphenylethenylmalonate (15) was actually iso-
lated together with 2-ethoxycarbonyl-4,4-diphenyl-2-
buten-4-olide (16) in the manganese(III)-mediated
reaction of la with diethyl malonate and that the 15
was subsequently converted to 16 under the reaction
conditions (Table 3).

The cyclization of carbocation (II or IV) depends
on whether Il or IV is “hard”’ or “‘soft”’ on the basis of
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the hard and soft acids and bases (HSAB) concept.!?
That is to say, when the cation is relatively hard (as in
the cases of 1la—d), it cyclizes on an oxygen atom to
give butenolide (3), while the reaction of 1f—h yields
1,5-dihydro-2H-pyrrol-2-one (6) since the carbocation
derived from 1f—h is relatively soft. This tendency is
also the case for the reaction with malonamide.® Both
O-cyclized (3e and 4e) and N-cyclized products (6—8e)
were obtained by the reaction of le, indicating that the
corresponding carbocation (IV) has an intermediate

Ph CHCOZEL), Ph ,
Ph: (Mn30) Ph: \CHICOZEY), P"Q'cozﬂ
. in AcOH

1a 15 16

[Mn30]=Manganese(Ill) acetate

Fig. 2.

(i) CH ,CONH,

[Mg°]
(X o] AcO® /
5N-—cn RZW
ON|

/[.; o),
QQ “2QC"—

Scheme 1.

Table 3. Reaction of 1,1-Diphenylethene (la) with Diethyl Malonate in the Presence of
Manganese(IIT) Acetate and Oxidation of the Product (15)%

i Product (yield/%)®
Entry Substrate Molar ratio® Tn‘nc Recovery o
min % 15 v
1 la 1:1:3 3 28 2 20
2 1a 1:1:4 5 12 2% 40
3 la 1:1:5 6 29 56
4 la 1:1:6 90 70
5 15 1:29 5 29 8
6 15 1:49 210 75
a) The reactions were carried out at the reflux temperature. b) Substrate : CH,(CO,Et), : manganese(III)

acetate.

c) The yields are based on the amount of the substrate used. d) 15 : manganese(III) acetate.
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nature of “hard and soft acids.” It seems that the
formation of 2 depends on the configuration of IV.
When the configuration of the cyano group and the
—(ER‘R2 group on IV is cis, the IV could not cyclize on
a nitrogen atom of nitrile, but was probably attacked
by an acetate ion to give 2.

In conclusion, the reaction of olefins with a-
cyanoacetamide gave 2-butenamides, 2-buten-4-olides,
1,5-dihydro-2H-pyrrol-2-ones, and 3-ethenyl-2-pyrro-
lidones; these are more complex than the products in
the reaction with malonamide.® Although the cyano
group on a-cyanoacetamide is favorable to the
formation of the . CH(CN)CONH: radical, the cyano
group itself is not so reactive in these reactions: the
cyclization involving the cyano group did not occur.
The reason for the absence of spiroannulation
products in the reaction with a-cyanoacetamide or
diethyl malonate could be ascribed to the preferential
formation of III via path B and to the difficulty of the
spiroannulation of 5 and 8 involving the cyano group.
Moreover, the formation of 3 and 6 could be explained
by the HSAB concept.

Experimental

Measurements. Melting points were determined with an
Electrothermal apparatus and are uncorrected. The IR
spectra were taken on a JASCO A-102 infrared spectrometer.
The 'H and 13C NMR spectra were recorded on a Hitachi
Perkin-Elmer R-24 (60 MHz) and a JEOL FX-100 instru-
ment at room temperature. The mass spectra were obtained
with a JEOL JMS-DX-300 mass spectrometer using a direct-
insertion probe at an ionizing voltage of 70 eV.

Materials. The olefin (la—h) and manganese(III) ace-
tate used were prepared according to methods described in
the literature.® a-Cyanoacetamide, diethyl malonate, and
manganese(II) acetate tetrahydrate were obtained from
commercial samples from the Wako Pure Chemical
Industries, Ltd.

Reaction of Olefins with a-Cyanoacetamide. The typi-
cal procedure for the reaction of olefins with a-
cyanoacetamide in the presence of manganese(III) acetate
was as follows. To a heated solution of olefin (1 mmol) and
a-cyanoacetamide (2 mmol) in acetic acid (25 cm3), man-
ganese(III) acetate (4 mmol) which was calculated based on
the formula weight of [Mn(OAc)3-2H201}® was added. The
mixture was heated under reflux until the color of Mn(III)
ion changed from brown to transparent. The solvent was
removed in vacuo and the residue was triturated with 2M
(1 M=1 mol dm~3) hydrochloric acid (25 cm3), followed by
extraction with chloroform. The products were separated
on TLC (Wakogel B-10 or Kieselgel 60G) with chloroform
or diethyl ether as the developing solvent. The characteristic
data of the new compounds are summarized in Table 4. All
spectral data and the melting points of known compounds
were identical with those reported in the literatures.

Oxidation Products. la: 2a, 3a, 4a,9 5a, 8a, 9a, and
10a.9 1b: 4-Acetoxy-4,4-bis(4-chlorophenyl)-2-cyano-2-bu-
tenamide (2b), 4,4-bis(4-chlorophenyl)-2-cyano-2-buten-4-
olide (3b), 4-acetoxy-4,4-bis(4-chlorophenyl)-2-cyanobutan-
amide (9b), and 4,4’-dichlorobenzophenone (10b).1

Hidehiko Sato, Hiroshi Nisuino, and Kazu Kurosawa

[Vol. 60, No. 5

1c:  3-(9-Acetoxy-9,10-dihydro-9-anthryl)-2-cyano-3-phenyl-
propenamide (2c), 9-(a-acetoxybenzylidene)-9,10-dihydro-
anthracene (12c),® and 9-acetoxy-9-benzoyl-9,10-dihydro-
anthracene (13).9

1d: 2-Cyano-3,4,4-triphenyl-2-buten-4-olide (3d), 10a, 2-
acetoxy-1,1,2-triphenylethanol (11d).9

le: 2-Cyano-4,4-bis(4-methylphenyl)-2-buten-4-olide (3e),
2-carbamoyl-4,4-bis(4-methylphenyl)-2-buten-4-olide (4e), 3-
cyano-4-hydroxy-5,5-bis(4-methylphenyl)-1,5-dihydro-2H-
pyrrol-2-one (6e), 3-carbamoyl-4-hydroxy-5,5-bis(4-methyl-
phenyl)-1,5-dihydro-2H-pyrrol-2-one (7e), 3-cyano-3-[2,2-
bis(4-methylphenyl)ethenyl]-5,5-bis(4-methylphenyl)-2-pyr-
rolidone (8e), and 4,4’-dimethylbenzophenone (10e).12

1f:  6f, 8f, 10f,® and 12f.19

1g: 3-Cyano-4-hydroxy-5-(4-methoxyphenyl)-5-phenyl-1,
5-dihydro-2H-pyrrol-2-one (6g) and 3-cyano-3-[2-(4-meth-
oxyphenyl)-2-phenylethenyl}- 5-(4-methoxyphenyl)-5-phen-
yl-2-pyrrolidone (8g). The stereochemistry of 6g and 8g was
not determined.

1h: 4-Cyano-3-phenyl-1,5-dihydrospiro[2H-pyrrole-2,9’-
xanthen]-5-one (6h), 10h,'® 11h,® 12h,9 and 14.19

Hydrolyses of 2a and 3a. When 2a (174.0 mg) was treated
with manganese(II) acetate tetrahydrate (803.5 mg) in acetic
acid (25 cm3) for 2 h at reflux temperature, 4a (41.8 mg, 27%)
and 2a (52.0 mg, 30% recovered) were obtained. On the other
hand, 3a (168.9 mg) and manganese(II) acetate tetrahydrate
(636.9 mg) were heated under reflux in acetic acid (25 cm3)
for 80 min, giving 4a (38.0 mg, 21%) and 3a (90.4 mg, 53%
recovered).

Synthesis of 2-Cyano-4,4-diphenyl-4-butanolide (I). A
mixture of 1a (903.5 mg), cyanoacetic acid (3.401 g), and
manganese(III) acetate (2.746 g) was heated in acetic acid
(50 cm3) at 70 °C for 15 min according to Fristad method.3»
On cooling, water (200 cm?) was added to it and the aqueous
solution was extracted with ether. The ethereal extract was
washed with aqueous sodium hydrogencarbonate solution
and then water. The reaction products were purified on
TLC, giving colorless liquid I (650.2 mg, 49%). All spectral
data were identical with those of the literature.3?

Oxidation of 2-Cyano-4,4-diphenyl-4-butanolide (I) with
Manganese(III) Acetate. The butanolide I (183.6 mg) was
oxidized with manganese(III) acetate (373.9 mg) in acetic
acid (25 cm3). The mixture was heated under reflux for
3 min and gave a tarry material, but the butenolide (3a) was
not detected.

The Reactions of 1,1-Diphenylethene (1a) and 2-Cyano-
4,4-diphenyl-4-butanolide (I). A mixture of 1a (154.5 mg),
I (223.0 mg), and manganese(III) acetate (457.2 mg) was
heated under reflux in acetic acid (25 cm3) for 1 min. After
treatment by the procedure described above, a mixture of 5a
and 3-cyano-1,1,5,5-tetraphenyl-4-penten-1-ol (115.7 mg, 31%
yield as 5a) was obtained and la was recovered (29%).

3-Cyano-1,1,5,5-tetraphenyl-4-penten-1-ol:  Colorless prisms
(from light petroleum), mp 105.0—105.5°C; IR (CHCIs)
2236 (CN) and-3200—3600 (OH); 'H NMR (CDCls) 6=2.28
(1H, s, OH), 2.6—2.9 (2H, m, CH32), 3.2—3.7 (1H, m, >CH-),
5.92 (1H, d, J=9.6 Hz, =CH-), and 6.7—7.6 (20H, m, 4XPh).
Found: C, 86.44; H, 6.00; N, 3.32%. Calcd for C3sH2s0N:
C, 86.71; H, 6.06; N, 3.37%.

Reaction of 1,1-Diphenylethene (1a) with Diethyl Malon-
ate in the Presence of Manganese(III) Acetate. To a heated
solution of la (1 mmol), diethyl malonate (1 mmol), and
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Manganese(III) Oxidation of Olefins and a-Cyanoacetamide

May, 1987]
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acetic acid (25 cm3), manganese(III) acetate (3—6 mmol) was
added. When the color of the solution turned from brown to
transparent, the reaction was stopped and then the solvent
was removed in vacuo. After a work-up, 15 and 16 were
obtained.

Diethyl (2,2-Diphenylethenyl)malonate (15): Colorless
liquid; IR (CHCls) 1726 (C=0); 'H NMR (CCl4) 6=1.25 (6H,
t, J=7.2 Hz, 2XCHs), 4.00 (1H, d, J=9.6 Hz, >CH-), 4.14
(4H, q, J=7.2 Hz, 2XCHy), 6.21 (1H, d, J=9.6 Hz, =CH-),
and 7.0-7.5 (10H, m, 2XPh); MS m/z (rel intensity), 338 (M+,
14), 266 (13), 191 (100), 165 (19), and 115 (24).

2-Ethoxycarbonyl-4,4-diphenyl-2-buten-4-olide (16): Color-
less needles (from ethanol), mp 108—109°C (lit,3® mp
107.9—109.4 °C).

Oxidation of Diethyl (2,2-Diphenylethenyl)malonate (15)
with Manganese(III) Acetate. A mixture of 15 (0.5 mmol)
and manganese(Ill) acetate (1 mmol) was heated under
reflux in acetic acid (25 cm3) and worked-up using the
method described above, providing 16 in the yields shown
in Table 3.
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