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Abstract—The Cu(acac), catalyzed reactions of dimethyl diazomalonate with enaminones yielded 1,5-cyclization and o-CH inser-
tion products. In the case of anilino derivatives (R! or R? = Ph), products resulting from an unusual insertion to the benzoyl ring

dominated the reaction.
© 2007 Elsevier Ltd. All rights reserved.

Inspired by the pioneering work of Spencer et al.,! our
group has been studying the formal 1,5-electrocycliza-
tion reactions of carbonyl ylides derived from o,B-unsat-
urated carbonyl compounds and metallo-carbenoid
species.? Cu(II) acetylacetonate induced decomposition
of diacyl diazo compounds, such as dimethyl diazomal-
onate (dmdm), in the presence of a,B-unsaturated car-
bonyl compounds, such as o,fB-unsaturated ketones
and esters, were reported to yield mainly dihydrofuran
derivatives. o,B-Enals, on the other hand, were found
to yield dioxolanes, instead. For the reactions to proceed
as described, it was reported that the unsaturated car-
bonyl compounds must be mono-substituted at their
B-position and possess trans geometry. For the forma-
tion of dihydrofurans, the s-cis conformation is
required. The products were reported to undergo further
reactions (Scheme 1). Similar formal electrocyclizations
were also reported by the Hamaguchi group.?

In all the investigations mentioned above, we employed
o,B-unsaturated carbonyl compounds with alkyl or aryl
groups as the B-substituent. As part of our ongoing
studies, we wanted to see how a heteroatom, such as
nitrogen, would affect the course of the reactions. This
is analogous to the starting materials used by Spencer
et al., who employed fixed cisoid B-alkoxy-a,B-unsatu-
rated ketones in their reactions.!
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Scheme 1. The reactions of o,B-unsaturated carbonyl compounds with
dmdm.

A literature search revealed many reports on the reac-
tions of B-amino-o,fB-unsaturated compounds, that is,
enaminones and diazo compounds,* but the most rele-
vant study was that of Maas and Miiller® who reported
the formation of push—pull cyclopropanes and their
rearrangement products using tertiary enaminones and
diazoacetic esters under Cu(ll) catalysis. Suprisingly,
as noted by the authors, dihydrofuran formation was
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Scheme 2. The reactions of enaminones with dmdm.

Table 1. Product distribution from the reactions of enaminones with
dmdm

Entry R! R? Product distribution (yield, %)
2 3 4
a Me Me 1 (20%) 0.56 (14%) —
b —(CHy)s— 1 (28%) 0.23 (11%) —
c Me Ph 1 (14%) — 3.52 (42%)
d Ph Ph 1# — 2.47 (40%)

2 Product not isolated in pure state. Structural assignment based on 'H
NMR of an impure sample and GC-MS.

only detected in a few of the reactions in trace amounts.
This was another reason for us to study the reactions of
tertiary enaminones, this time with diazomalonates
instead of diazoacetates.

Several B-amino-o,B-unsaturated ketones 1 were
reacted with dmdm in boiling benzene in the presence of
Cu(acac), (Scheme 2) and the results are summarized in
Table 1.

Contrary to the findings of Maas and Miiller,’ all the
reactions gave significant amounts of dihydrofuran
products 2. With dimethylamino and piperidine as the
B-amino groups, dihydrofurans were the main reaction
products and this is the expected behaviour of diazomal-
onate in accordance with our previous findings.? a-CH
insertion products 3 were also observed, although in les-
ser amounts. Whether they arose via ring opening of the

Figure 1. The structure of 4c.

initially formed cyclopropanes cannot be confirmed, be-
cause we were not able to detect any cyclopropane prod-
ucts from the reactions.

On the other hand, dihydrofuran 2¢ was not the major
product in the reaction of B-N-methylanilino acrylophe-
none (1c, R' = Me, R?=Ph). The '"H NMR spectrum
of major product 4¢ showed a singlet at 7.16 ppm (1H)
which was attributable to a vinylic hydrogen. The ester
hydrogens were observed as a 6H singlet implying a pla-
nar symmetry, which was also confirmed by '*C NMR
spectroscopy. The molecular mass of 4¢ was found to
be 365, which shows that the loss of two hydrogens
had occurred after the formal carbene-substrate addi-
tion reaction. The structure of 4¢ was determined by
crystallographic analysis of a single crystal (Fig. 1).7 It
is noteworthy that Son and Fu,® who recently worked
with aromatic enones of acrylophenone, did not report
the presence of such interactions with aromatic rings.

The structure of 4c¢ implies that aromatic nucleophilic
substitution occurs during the reaction, but would re-
quire carbene insertion to the B-CH bond which is unex-
pected (Scheme 3, intermediate 7). One may speculate
that such intermediates might form via ring opening of
an initially formed cyclopropane (see, for example, the
work of Maas®), but even this would most likely yield
the a-CH insertion product of type 3, which was actually
observed in our reactions. More reliable proof would be
required in order to confirm the presence of B-CH inser-
tion products. Besides, the loss of hydrogen is not easily
explained, either. Therefore, we cannot comment on the
mechanism of the reaction at present. On the other
hand, when anilino groups were present at the B-posi-
tion, the unexpected aromatic insertion products 4c
and 4d were the dominant products, whereas with ali-
phatic amino groups, no such products of type 4 were
formed. a-CH insertion products were observed as the
secondary products instead (Table 1).

Contrary to the literature data, our results show that sig-
nificant amounts of dihydrofuran products can form in
these reactions. In the case of aromatic amino groups,
novel 3-anilino-4-oxo-1,4-dihydronaphthalene deriva-
tives were the major products. Further studies on the
formation of these novel products as well as the effects
of catalyst changes on the product distribution are cur-
rently being conducted by our group.

Typical procedure’ for the reaction of B- enaminones®
with dmdm.® To a solution of 1 (1.5 equiv) in benzene
(10 mL) was added Cu(acac), (0.007 equiv), and the
mixture was heated at reflux. A solution of dmdm
(1 equiv) in benzene (4 mL) was added over 2.5 h under
an N, atmosphere. When the IR spectrum of the reac-
tion mixture indicated total consumption of dmdm (ab-
sence of the characteristic diazo band at 2130 cm™ '), the

TCCDC 641486 contains the supplementary crystallographic data for
this Letter. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccde.cam.ac.uk/
data_request/cif
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Scheme 3. Possible routes leading to various products.

mixture was filtered, evaporated and purified by column
chromatography or preparative TLC. The crude mix-
tures contained varying amounts of unidentified com-
pounds (up to 20% by GC). The products'® were
characterized by NMR and MS.
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ylfuran-2,2 (3H )dicarboxylate 2a: From preparative TLC
(ALL,Os, hexane/EtOAc 5:2). Yield 20%. 'H NMR
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(250 MHz, CDCly): 6 7.65 (dd, J = 7.74 Hz, 3.15 Hz, 2H,
ortho Ca—H), 7.38-7.33 (m, 3H, Ar-H), 5.50 (d, J:
2.86 Hz, 1H, H-C(4)), 4.77 (d, J: 2.83 Hz, 1H, H-C(3)),
3.82 (s, 3H, CO,CH3), 3.78 (s, 3H, CO,CHj;), 2.32 (s, 6H,
N(CHj3),). °C NMR (60 MHz, CDCl;): 6 167.3 (C=0),
165.5 (C=0), 155.3 (C(9)), 128.5, 128.3, 127.6, 124.9 (all
Car), 93.2 (C(4)), 91.4 (C(2)), 72.4 (C(3)), 52.3 (CO,CH3y),
51.7 (CO,CHy), 41.5 (N-CHs;), 38.4 (N-CHs;). tg: 12.90.
EI-MS: 305 (M*, 32), 304 (46), 290 (10), 274 (7), 261 (51),
246 (45), 217 (70), 202 (70), 171 (40), 158 (100), 144 (16),
115 (53), 105 (9), 77 (16), 59 (10). C;¢H9NOs (305.33)
Caled: C, 62.94; H, 6.27; N, 4.59. Found: C, 63.05; H,
6.14; N, 4.55. Dimethyl 5-phenyl-3-(piperidin-1-yl)furan-
2,2(3H )-dicarboxylate 2b: From column chromatography
(ALO;, hexane/EtOAc 5:1). Yield 28%. 'H NMR
(250 MHz, CDCl3): 6 7.64 (dd, J: 7.78 Hz, 1.90 Hz, 2H,
ortho Ca—H), 7.37-7.33 (m, 3H, other Ar-H), 5.52 (d, J:
2.82 Hz, 1H, H-C(4)), 4.73 (d, J: 2.81 Hz, 1H, H-C(3)),
3.82 (s, 3H, CO,CHj;), 3.78 (s, 3H, CO,CHj;), 2.64-2.55
(m, 4H, N—(CH,),), 1.44-126 (m, 6H). '*C NMR
(60 MHz, CDCl3): ¢ 162.8 (C=0), 133.4, 130.0, 128.6,
128.4 (all Cy,), 102.5 (C(4)), 92.8 (C(2)), 88.6 (C(3)), 50.8
(CO,CH3), 44.6 (piperidine, C2’, C6’), 29.7 (piperidine,
C3’, C5'), 22.5 (piperidine, C4'). tr: 14.49. EI-MS: 345
(M™, 13), 344 (20), 286 (100), 261 (29), 217 (31), 185 (34),
129 (11), 115 (18), 84 (7), 59 (4). C19H3NOs (345.39)
Caled: C, 66.07; H, 6.71; N, 4.06. Found: C, 66.12; H,
6.63; N, 4.10. Dimethyl 3-(methyl(phenyl)amino )-5-phen-
ylfuran-2,2 (3H )-dicarboxylate 2¢: From column chroma-
tography (Al,Os;, hexane/EtOAc 5:1). Yield 14%. 'H
NMR (250 MHz, CDCls): 6 7.73 (dd, J: 5.4 Hz, 1.9 Hz,
2H), 7.41 (dd, J: 5.03 Hz, 1.78 Hz, 3H), 7.30 (td, >J:
7.08 Hz and 8.52 Hz, *J: 1.88 Hz, 1.38 Hz, 0.92 Hz, 2H),
7.00 (d, J: 8.05 Hz, 2H), 6.80 (t, J: 7.18 Hz, 1H) (aromat-
ics), 6.12 (d, J: 3.13 Hz, 1H, H-C(3)), 5.43 (d, J: 3.02 Hz,
1H, H-C(4)), 3.88 (s, 3H, CO,CH;), 3.52 (s, 3H,
CO,CH3), 2.77 (s, 3H, NCH;). '*C NMR (60 MHz,
CDCl;): 6 168.1 (C=0), 166.0 (C=0), 156.8 (C(5)), 149.2,
129.7,129.1,129.0, 128.5, 126.1, 117.8, 113.5 (all Cy,), 95.6
(C(4)), 91.4 (C(2)), 69.7 (C(3)), 53.6 (CO,CHj;), 52.6
(CO,CH3), 32.8 (NCHa). r: 15.70. EI-MS: 367 (M™, 9),
261 (100), 217 (64), 202 (40), 185 (7), 171 (22), 158 (8), 129
(8), 115 (19), 105 (6), 77 (14), 59 (5). C21H,1NOs5 (367.40)
Caled: C, 68.65; H, 5.76; N, 3.81. Found: C, 68.58; H,
5.70; N, 3.50. (E)-Dimethyl 2-(1-(dimethylamino )-3-oxo-
3-phenylprop-1-en-2-yl)malonate 3a: From preparative

TLC (AL, O3, hexane/EtOAc 5:2). Yield 14%. '"H NMR
(250 MHz, CDCl): 6 7.94 (d, J: 6.92 Hz, 2H, ortho Ca—
H), 7.57-7.42 (m, 3H, Ar-H), 7.35 (s, 1H, C=CH), 3.81 (s,
6H, CH(CO,CHy3),), 3.64 (s, IH, CH(CO,CHs3),), 2.44 (s,
6H, N(CHa),). tg: 13.53. EI-MS: M unobserved, 246
(M—COOMe, 100), 187 (40), 172 (4), 158 (4), 115 (6), 105
(18), 77 (11), 72 (15). C16H19NOs5 (305.33) Caled: C, 62.94;
H, 6.27; N, 4.59. Found: C, 62.30; H, 6.39; N, 4.29. (E)-
Dimethyl 2-(3-oxo-3-phenyl-1-(piperidin-1-yl)prop-1-en-2-
yl)malonate 3b: From column chromatography (Al,Os,
hexane/EtOAc 5:1). Yield 11%. 'H NMR (250 MHz,
CDCl): 6 7.94 (dd, J: 7.72 Hz, 1.60 Hz, 2H, ortho Ca,—H),
7.58-7.44 (m, 3H, Ar-H), 7.39 (s, I[H, C=CH), 3.78 (s, 6H,
CH(CO,CHs),), 3.76 (s, 1H, CH(CO,CH3),), 2.63-2.59
(m, 4H, N—(CH,),), 1.31-1.26 (m, 6H). tr: 14.87. EI-MS:
M" unobserved, 344 (M—H™, 1), 286 (100), 227 (13), 198
(4), 148 (3), 105 (14), 77 (6). C19H»3NOs5 (345.39) Calcd: C,
66.07; H, 6.71; N, 4.06. Found: C, 65.81; H, 6.50; N, 4.24.
Dimethyl 3-(methyl(phenyl)amino )-4-oxonaphthalene-
1,1(4H)-dicarboxylate 4c: Crystallized from the reaction
mixture. Also obtained in varying amounts from column
fractions. Yield 42%. Mp: 262-265 °C (decomposition)'H
NMR (250 MHz, CDCl3): 6 7.59 (dd, J: 7.42 Hz, 1.62 Hz,
2H), 7.54 (dd, J: 7.83 Hz, 1.40 Hz, 1H), 7.47-7.29 (m, 4H)
(all aromatics), 7.16 (s, 1H, H-C(2)), 7.13 (dd, J: 7.78 Hz,
0.87 Hz, 1H, Ar-H), 6.94 (dd, J: 8.24 Hz, 0.63 Hz, 1H, H-
C(8)), 3.74 (s, 6H, CO,CH3), 3.31 (s, 3H, NCH,)."*C
NMR (60 MHz, CDCl3): 193.2 (C=0), 170.5 (C=0),
146.8 (C(2)), 139.6, 136.3, 130.4, 130.3, 129.0, 128.5, 128 .4,
124.0, 121.1, 113.2 (all Cyu,), 59.5 (C(1)), 53.1 (CO,CH3;),
39.8 (NCHj3). tr: 17.80. EI-MS: 365 (M, 1), 306 (100),
278 (3), 262 (2), 246 (4), 234 (3), 218 (4), 143 (4), 102 (2), 77
(3). C21H19NO5 (365.38) Caled: C, 69.03; H, 5.24; N, 3.83.
Found: C, 69.10; H, 5.32; N, 3.85. Dimethyl 3-(diphenyl-
amino )-4-oxonaphthalene-1,1(4H )-dicarboxylate 4d: From
column chromatography (Al,Os, hexane/EtOAc 5:1).
Yield 40%. '"H NMR (250 MHz, CDCl3): 6 7.63-7.55
(m, 3H, Ar-H), 7.51-7.40 (m, 5H, Ar-H), 7.37 (s, 1H,
C=CH), 7.34-7.26 (m, 4H, Ar-H), 7.16-7.10 (m, 2H,
Ar-H), 3.79 (s, 6H, C(CO,CH;),). *C NMR (60 MHz,
CDCl,): 146.7, 143.9, 132.0, 131.6, 130.0, 129.6, 129.0,
127.4, 127.0, 126.3, 116.5 (all C,,), 102.4, 56.8 (C(1)),
52.4 (CO,CH3). 1g: 21.41. EI-MS: 427 (M, 1), 368 (100),
207 (8), 105 (3), 77 (5). CyH2NOs (427.45) Caled: C,
73.06; H, 4.95; N, 3.28. Found: C, 72.92; H, 4.42; N,
3.02.
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