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Abstract. 2-Amino-4,5-dihydro-3-furancarbonitriles (1) react
with a slight excess of dibenzoyldiazomethane in the presence
of rhodium(II) acetate to give 1,3-oxazin-4-ones (2). With three
equivalents of dibenzoyldiazomethane compounds 1 react to

afford furo[2,3-b]pyran-3a-carbonitriles (3). Compound 3a
was also obtained by treatment of 2a with two equivalents of
dibenzoyldiazomethane.

Diacyldiazomethanes are suitable precursors for the gen-
eration of acylketenes via thermal, photolytic, or cataly-
tic elimination of nitrogen accompanied by Wolff rear-
rangement [1, 2]. Several examples of [2+4] cycloaddi-
tion of heterodienophiles [3—5] as well as of electron-
rich alkenes such as enamines [6] to benzoylphenylket-
ene have been reported. Recently, we showed that 4,5-
dihydro-3-thiophenecarbonitriles react with dibenzoyl-
diazomethane [7] in the presence of rhodium(Il) acetate
to form 1,3-oxazin-4-ones [8]. In continuation of this
study, we investigated the reactions of 4,5-dihydro-2-
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pyrrolidino-, as well as of 2-piperidino- and 2-mor-
pholino-3-furancarbonitriles 1a—1 [9] with dibenzoyl-
diazomethane. The starting compounds 1b,e,h,k were
prepared by reaction of the corresponding 2-amino de-
rivatives [10] with piperidine in the presence of tri-
methylamine hydrochloride in dioxane.

When a mixture of 4,5-dihydro-3-furancarbonitrile
1a, dibenzoyldiazomethane (1.2 equiv.), and rho-
dium(I) acetate in fluorobenzene was heated at 70 °C,
the 1,3-oxazin-4-one 2a was obtained in 87% yield
(Scheme 1).
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Hydrolysis of 2a with aqueous acetic acid afforded
the furo[2,3-b][1,5]oxazocine 4a. Probably, this reac-
tion proceeds by initial 1,3-oxazine ring opening to form
an imide B, which is converted into an enol C. The ring
closure of the enol C affords an intermediate D, which
undergoes elimination of pyrrolidine to form 4a. In this
reaction the imide B seems to behave as an enamine.
The analogous intramolecular cyclization was also ob-
served by Hiinig et al. in their study dealing with the
reaction of morpholine enamine and diketene {11].
Hydrolysis of 2a in refluxing aqueous ethanol yielded
3-0x0-2-phenylbenzenepropanamide [12], presumably
again via the imide B. The corresponding 3-furancar-
boxylic acid was not isolated (Scheme 2). Similarly,
the reaction of the 4,5-dihydro-3-furancarbonitriles 1b—
1 with dibenzoyldiazomethane (1.2 equiv.) furnished the
1,3-oxazin-4-ones 2b-1. Treatment of compounds 2b~-
1 with aqueous acetic acid provided the furo[2,3-5][1,5]
oxazocines 4a—d.
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However, if a 1:3 molar ratio of 1a to dibenzoyldia-
zomethane was used, instead of 2a the furo[2,3-b]py-
ran-3a-carbonitrile 3a was obtained in 85% yield. The

same compound 3a was also obtained by treatment of
2a with dibenzoyldiazomethane (2 equiv.). Compound
2a was not transformed into 3a after 10 h of heating at
70 °C in fluorobenzene, and 2a was recovered un-
changed. When heated to near its melting point, 2a de-
composed to tarry matter. These findings suggest that
3a was formed from A (Scheme 1). The structure of 3a
was determined by elemental analysis and the spectral
data. Hydrolysis of 3a with potassium hydroxide in
aqueous ethanol furnished 1,2-diphenylethanone, pentyl
1-pyrrolidinecarboxylate 5, and benzoic acid (Scheme
3).
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Subsequently, reactions of the 2-amino-4,5-dihydro-
3-furancarbonitriles 1b—1 with excess of dibenzoyldia-
zomethane (3 equiv.) were examined. From compounds
1b-e,h only the furo[2,3-b]pyrans 3b-eh were ob-
tained in good yields, while 1f,g,i furnished mixtures
of furo{2,3-b)pyrans 3f,g,i and 1,3-oxazin-4-ones 2f,g,i.
From the 4,5-dihydro-4-phenyl-3-furancarbonitriles 1j—
1 only the 1,3-0xazin-4-ones 2j—1 were formed. In a sim-
ilar manner, 1a reacted with 1.2 equivalents of bis(4-
chlorobenzoyl)diazomethane [13} to afford 5,6-bis(4-
chlorophenyl)-1,3-oxazin-4-one 6 in 75% yield, while
with three equivalents of bis(4-chlorobenzoyl)diazo-
methane, 5,6-bis(4-chlorophenyl)furo[2,3-b]pyran-3a-
carbonitrile 7 was formed in 68% yield.

In order to get insight into the formation of the furo
[2,3-b]pyrans 3, cross-over experiments were carried
out. Thus, the rhodium(II) acetate catalyzed decompo-
sition of bis(4-chlorobenzoyl)diazomethane (2 equiv.)
in the presence of 2a gave 3a and 7 in 9, respectively
53% yield. Similarly, compound 6 reacted with diben-
zoyldiazomethane to form 3a and 7 in 37, respectively
22% yield (Scheme 4).

Although the IR spectra of compounds 3a-i, 7 did
not show nitrile bands around 2240-2260 cm™!, the ni-
trile carbon could be found in the 3C NMR spectra
(~120 ppm).

On the basis of the above observations, the reaction
pathway for the formation of furo[2,3-b]pyran-3a-car-
bonitrile 3a can be illustrated as shown in Scheme 1.
Wolff rearrangement of the dibenzoylcarbenoid results
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in the formation of benzoylphenylketene, which under-
goes cycloaddition to the cyano group of 1a to yield 2a.
Addition of another molecule of benzoylphenylketene
to the olefinic moiety of the dihydrofuran ring of 2a
gives the bicyclic intermediate A, which eliminates the
first molecule of benzoylphenylketene to produce 3a.

Experimental

All melting points are uncorrected. IR spectra (KBr) were taken
with a Jasco IRA-2. 'H and 13C NMR spectra were measured
on a Hitachi R22 (90 MHz) and Jeol INM-A500 (500 MHz)
in CDCl; with TMS as internal standard, 8 scale; couplings in
Hz. Mass spectra were recorded with a Jeol JMS-D300, 70
eV.

4,5-Dihydro-2-piperidino-3-furancarbonitriles (1)
(General Procedure)

A mixture of the 2-amino-4,5-dihydro-3-furancarbonitrile (50
mmol), piperidine (8.50 g, 100 mmol), and trimethylamine
hydrochloride (1.00 g) in dioxane (20 ml) was refluxed for
1 h (1b,e,h) or 2.5 h (1k). The solvent was removed and H,O
was added to the residue. The mixture was acidified with 10%
HC1 (4 ml) and then extracted with CH,Cl,. The extract was
washed with H,O, dried with Na,SO,. Evaporation of the
solvent and purification of the residue by column chromato-
graphy on alumina with CH,Cl, as eluent, afforded 1 (NR, =
piperidino).

4,5-Dihydro-2-piperidino-3-furancarbonitrile (1b)

From 2-amino-4,5-dihydro-3-furancarbonitrile [10] (5.50 g,
50 mmol). Yield 5.84 g (66%); colorless columns; m.p. 50—
52 °C (Et,O/petroleum ether). — IR: 2180 cm~! (C=N).~ 'H
NMR: 1.43-1.80 [m, 6 H, 3xCH, (piperidine)], 2.90 (t,/ =9,
2H, 4-H), 3.30-3.66 [m, 4 H, 2xCH, (piperidine)], 4.33 (t,J
=9,2H, 5-H).

CiogH14N,O Caled.: C67.39 H792 N 1572

(178.2) Found: C67.57 H793 N 15.61.
4,5-Dihydro-5-methyl-2-piperidino-3-furancarbonitrile (1e)
From 2-amino-4,5-dihydro-5-methyl-3-furancarbonitrile [ 10]
(6.20 g, 50 mmol). Yield 7.32 g (76%); pale yellow oil. — IR
(neat): 2185 cm! (C=N). — 'H NMR: 1.35 (d, J = 6.5, 3H,
CH,), 1.40-1.78 [m, 6 H, 3xCH, (piperidine)], 2.50 (dd, J =
7.5/11.5, 1 H, 4-H), 3.00 (dd, J = 9/11.5, 1 H, 4-H), 3.27-
3.60 [m, 4H, 2CH, (piperidine)], 4.48—4.88 (m, 1 H, 5-H).
CjHigN,O Caled.: C68.72 H8.39 N 14.57

(192.3) Found: C68.25 H839 N 14.19.

4,5-Dihydro-5-phenyl-2-piperidino-3-furancarbonitrile (1h)

From 2-amino-4,5-dihydro-5-phenyl-3-furancarbonitrile [10]
(9.30 g, 50 mmol). Yield 10.62 g (84%); colorless columns;
m.p. 39—40 °C (CH,Cly/petroleum ether). — IR: 2170 cm™!
(C=N). -JH NMR: 1.30-1.77 [m, 6 H, 3xCH, (piperidine)],
2.90 (dd, /=9/13.5, 1H, 4-H), 3.30 (dd, J = 9/13.5, 1H, 4-H),
3.33-3.67 [m, 4H, 2xCH, (piperidine)], 5.49 (t,/ =9, 1H, 5-
H), 7.37 (s, 5H, ary!).

C,6HsN,O Caled.: C7556 H7.13 N 11.01

(254.3) Found: C75.38 H7.13 N 10.89.

4,5-Dihydro-4-phenyl-2-piperidino-3-furancarbonitrile (1K)

From 2-amino-4,5-dihydro-4-phenyl-3-furancarbonitrile [10]
(9.30 g, 50 mmol). Yield 9.93 g (78%}); colorless prisms; m.p.
71-72 °C (Et,Ofpetroleum ether). — IR: 2180 cm™! (C=N). -
TH NMR: 1.45-1.80 [m, 6H, 3xCH, (piperidine)], 3.40—3.70
[m, 4H, 2xCH, (piperidine)], 4.06—4.40 (m, 2H, 5-H), 4.46—
4.75 (m, 1H, 4-H), 7.31 (s, 5SH, aryl).

CigHigN,O Caled.: C7556 H7.13 N 11.01

(254.3) Found: C75.59 H7.12 N11.01.

General Procedures for Reactions of 2-Amino-4,5-dihy-
dro-3-furancarbonitriles (1) with Dibenzoyldiazomethane

Procedure a: A mixture of 1 (5 mmol), dibenzoyldiazometh-
ane [7] (1.50 g, 6 mmol), and Rh,(OAc), (0.05 g) in C;HsF
(10 mi) was heated at 70 with stirring for 4 h. The solvent
was removed, and the residue was chromatographed on alu-
mina with CH,Cl, as eluent. Yields: 3b (0.42 g, 21%), 3h
(0.16 g, 7%). Further elution with CH,Cl,/acetone (4 : 1)
gave 2a (1.68 g, 87%), 2b (0.86 g, 43%), 2¢c (1.41 g, 70%),
2d (1.74 g, 87%), 2¢ (1.25 g, 60%), 2f (1.37 g, 66%), 2g
(2.08 g,90%),2h (1.54 g, 65%),2i (2.20 g, 92%),2j (2.17 g,
94%), 2k (1.85 g, 66%), and 21 (2.05 g, 73%).

Procedure b: From 1 (5 mmol) and dibenzoyldiazomethane
(3.75 g, 15 mmol) as described for procedure a. Yields: 3a
(1.63 g, 85%), 3b (1.97 g, 99%), 3¢ (1.43 g, 71%), 3d (1.51
g,76%),3e (1.71 g,83%),3£(0.43 g,21%),3g (1.32 g, 57%),
3h (1.75 g, 72%), and 3i (0.44 g, 18%). Further elution with
CH,Cl,/acetone (4:1) gave 2f(0.63 g, 30%),2g (0.76 g, 33%),
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2i (0.89 g, 37%), 2j (2.08 g, 90%), 2k (2.20 g, 78%), and 21
(2.68 g, 95%).
2-(4,5-Dihydro-2-pyrrolidino-3-furanyl)-5,6-diphenyl-4H-
1,3-oxazin-4-one (2a)

From 1a [9] (0.82 g, 5 mmol). Pale yellow columns; m.p.
173 °C (dec.) (acetone/petroleum ether). -MS, m/z (%): 386
(23) [M*].
2-(4,5-Dihydro-2-piperidino-3-furanyl)-5,6-diphenyl-4H-1,3-
oxazin-4-one (2b)

From 1b (0.89 g, 5 mmol). Pale yellow prisms; m.p. 177 °C
(dec.) (CH,Cl,/Et,0).
2-(4,5-Dihydro-2-morpholino-3-furanyl)-5,6-diphenyl-4H-
1,3-0xazin-4-one (2¢)

From 1¢ [9] (0.90 g, 5 mmol). Pale yellow columns; m.p. 205
°C (dec.) (acetone).
2-(4,5-Dihydro-5-methyl-2-pyrrolidino-3-furanyl)-5,6-
diphenyl-4H-1,3-oxazin-4-one (2d)

From 1d [9] (0.89 g, 5 mmol). Pale yellow needles; m.p. 163
°C (dec.) (acetone/petroleum ether).

2-(4,5-Dihydro-5-methyl-2-piperidino-3-furanyl)-5,6-
diphenyl-4H-1,3-0xazin-4-one (2e)

From 1e (0.96 g, 5 mmol). Pale yellow prisms; m.p. 143-145
°C (CH,Cly/ Et,0).
2-(4,5-Dihydro-5-methyl-2-morpholino-3-furanyl)-5,6-
diphenyl-4H-1,3-oxazin-4-one (2f)

From 1f [9] (0.97 g, 5 mmol). Pale yellow needles; m.p. 189
°C (dec.) (acetone/petroleum ether).
2-(4,5-Dihydro-5-phenyl-2-pyrrolidino-3-furanyl)-5,6-
diphenyl-4H-1,3-oxazin-4-one (2g)

From 1g [9] (1.20 g, 5 mmol). Pale yellow columns; m.p. 195
°C (dec.) (acetone).
2-(4,5-Dihydro-5-phenyl-2-piperidino-3-furanyl)-5,6-
diphenyl-4H-1,3-0xazin-4-one (2h)

From 1h (1.27 g, 5 mmol). Colorless needles; m.p. 176 °C
(dec.) (CH,Cl,/Et,0).
2-(4,5-Dihydro-2-morpholino-5-phenyl-3-furanyl)-5,6-
diphenyl-4H-1,3-oxazin-4-one (2i)

From 1i [9] (1.28 g, 5 mmol). Pale yellow columns; m.p. 179—
181 °C (CH,Cl,/ petroleum ether).
2-(4,5-Dihydro-4-phenyl-2-pyrrolidino-3-furanyl)-5,6-
diphenyl-4H-1,3-oxazin-4-one (2j)

From 1j [9] (1.20 g, 5 mmol). Pale yellow scales; m.p. 208 °C
(dec.) (acetone).
2-(4,5-Dihydro-4-phenyl-2-piperidino-3-furanyl)-5,6-
diphenyl-4H-1,3-oxazin-4-one (2Kk)

From 1k (1.27 g, 5 mmol). Pale yellow prisms; m.p. 108 °C
(dec.) (CH,Cl,/ petroleum ether).
2-(4,5-Dihydro-2-morpholino-4-phenyl-3-furanyl)-5,6-
diphenyl-4H-1,3-oxazin-4-one (21)

From 11 [9] (1.28 g, 5 mmol). Colorless prisms; m.p. 185-

187 °C (CH,Cl,/ petroleum ether).

2,3,3a,7a-Tetrahydro-4-oxo0-5,6-diphenyl-7a-pyrrolidino-
4H-furo[2,3-b Jpyran-3a-carbonitrile (3a)

From 1a [9] (0.82 g, 5 mmol). Colorless prisms; m.p. 211-
212 °C (acetone/ petroleum ether). — MS, m/z (%): 386 (75)
[M*]. — 3C NMR: 24.9, 25.6, 25.8, 46.7, 48.3, 70.8, 109.1,
122.6 (C=N), 127.0,127.7,127.9,129.1,129.3, 131.1, 133.5,
133.7, 155.0, 158.2, 159.5, 178.3 (C=0).

2,3,3a,7a-Tetrahydro-4-oxo-5,6-diphenyl-7a-piperidino-4H-
furo[2,3-b]pyran-3a-carbonitrile (3b)

From 1b (0.89 g, 5 mmol). Colorless needles; m.p. 201-202
°C (CH,Cl/Et,0). — 13C NMR: 24.3, 25.8, 26.1, 46.2, 70.4,
109.4,122.6 (C=N), 127.1,127.8,127.9,129.1,129.3,131.1,
133.5, 133.7, 155.9, 158.3, 159.6, 178.4 (C=0).

2,3,3a,7a-Tetrahydro-7a-morpholino-4-oxo-5,6-diphenyl-
4H-furo[2,3-b Jpyran-3a-carbonitrile (3c)

From 1¢ [9] (0.90 g, 5 mmol). Colorless needles; m.p. 232—
233 °C (CH,Cly/ petroleum ether). — 3C NMR: 25.9, 45.3,
66.4, 70.8, 110.1, 122.7 (C=N), 127.2, 127.8, 128.0, 129.2,
129.3,131.1,133.3,133.5,155.5,158.5,159.1,178.4 (C=0).

2,3,3a,7a-Tetrahydro-2-methyl-4-o0x0-5,6-diphenyl-7a-pyr-
rolidino-4H-furo[2,3-b Jpyran-3a-carbonitrile (3d)

From 1d [9] (0.89 g, S mmol). Colorless needles; m.p. 202—
203 °C (acetone). — 13C NMR: 214, 25.0, 25.6, 31.6, 46.8,
48.1, 78.8, 107.3, 122.6 (C=N), 127.0, 127.7, 127.9, 129.1,
129.3, 131.1, 133.5, 133.8, 154.2, 158.2, 159.9, 178.4
(C=0).

2,3,3a,7a-Tetrahydro-2-methyl-4-oxo-35,6-diphenyl-7a-pipe-
ridino-4H-furo[2,3-b Jpyran-3a-carbonitrile (3e)

From 1e (0.96 g, 5 mmol). Colorless needles; m.p. 203-204
°C (acetone). — 13C NMR: 21.2, 24.3, 25.8, 31.9, 46.3, 78.7,
107.6,122.6 (C=N), 127.0, 127.8,127.9,129.1, 129.3, 131.1,
133.5, 133.8, 155.0, 158.3, 160.1, 178.5 (C=0).

2,3,3a,7a-Tetrahydro-2-methyl-7a-morpholino-4-oxo-5,6-
diphenyl-4H-furo[2,3-b Jpyran-3a-carbonitrile (3f)

From 1f [9] (0.97 g, 5 mmol). Colorless needles; m.p. 205—
206 °C (acetone/ petroleum ether). — 3C NMR: 21.2, 31.7,
45.4, 66.4, 79.0, 108.3, 122.8 (C=N), 127.2, 127.8, 128.0,
129.2,129.3, 131.1, 133.4, 133.6, 154.6, 158.5, 159.4, 178.5
(C=0).

2,3,3a,7a-Tetrahydro-4-oxo-2,5,6-triphenyl-7a-pyrrolidino-
4H-furo[2,3-b Jpyran-3a-carbonitrile (3g)

From 1g [9] (1.20 g, 5 mmol). Colorless needles; m.p. 222—
223 °C (CH,Cl,/petroleum ether). — 13C NMR: 25.0, 25.6,
32.7, 47.1, 48.3, 83.1, 107.8, 122.7 (C=N), 125.7, 127.1,
127.8,127.9,128.2,128.6,129.1,129.4, 131.1, 133.5, 1337,
139.8, 154.1, 158.3, 159.8, 178.3 (C=0).

2,3,3a,7a-Tetrahydro-4-oxo-2,5,6-triphenyl-7a-piperidino-
4H-furo[2,3-b]pyran-3a-carbonitrile (3h)

From 1h (1.27 g, 5 mmol). Colorless prisms; m.p. 217 °C
(dec.) (CH,CL/Et,0). ~13C NMR: 24.3,25.7,32.9, 46.6, 83.2,
108.1,122.7(C=N), 125.9,127.1,127.8, 127.9, 128 4, 128.7,
129.2,129.4,131.1,133.5, 133.7, 139.6, 155.1, 158.4, 159.9,
178.4 (C=0).
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2,3,3a,7a-Tetrahydro-7a-morpholino-4-oxo-2,5,6-triphenyl- 66.4, 83.6, 108.8, 122.9 (C=N), 125.9, 127.2, 127.9, 128.0,
4H-furo[2,3-b]pyran-3a-carbonitrile (3i)
From 1i [9] (1.28 g, 5 mmol). Colorless columns; m.p. 225— 154.8, 158.6, 159.3, 178.4 (C=0).
226 °C (CH,Cly/petroleum ether). — 13C NMR: 32.6, 45.5,

Tab. 1 Analytical and spectral data of 2a-1, 3a—i

128.6, 128.8, 129.29, 129.32, 131.1, 133.3, 133.5, 139.2,

Formula Analysis IR TH NMR,
Calcd./Found (cm™) 6 (ppm), J (Hz)
C H N C=0
2a  CpHyN,05 74.59 5.74 7.25 1640 1.80-2.00 [m, 4H, 2CH, (pyrrolidine)], 3.12 (t, J = 8, 2H, 4-H), 3.56-3.85 [m,
(386.5) 74.53 5.76 7.23 4H, 2CH, (pyrrolidine)], 4.36 (1, J = 8, 2H,5-H), 7.24 (s, 10H, aryl)
2b  CpHyN,050.5H,0 7333 6.15 6.84 1640 1.50-1.80 {m, 6H, 3CH, (piperidine)}, 3.12 (t, J = 8, 2H, 4-H), 3.40-3.70 [m,
(409.5) 7346 6.00 6.99 4H, 2CH, (piperidine)], 4.33 (t, J = 8, 2H, 5-H), 7.26 (s, 10H, aryl)
2c  CyH»N,04 7163 551 6.96 1636 3.15(t J=38.52H, 4-H), 3.55-3.97 [m, 8H, 4CH, (morpholine)), 4.37 (t, J =
(402.4) 71.72 563 695 8.5, 2H, 5-H), 7.23 (s, 5H, aryl), 7.25 (s, 5H, aryl)
2d C,HyN,04 7498 6.04 7.00 1655 143(d,J=7,3H, CHy), 1.75~2.05 [m, 4H, 2CH, (pyrrolidine)], 2.75 (dd, J =
(400.5) 7498 6.09 6.99 7.5/13, 1H, 4-H), 3.25 (dd, J = 8/13, 1H, 4-H), 3.40-3.90 [m, 4H, 2CH,
(pyrrolidine)], 4.60—4.90 (m, 1H, 5-H), 7.26 (s, 10H, aryl)
2e  CyHyN,03 7534 632 676 1642 142(d,J=6.5,3H, CHj), 1.50-1.80 {m, 6H, 3CH, (piperidine)], 2.73 (dd, J =
(414.5) 75.11 631 694 7/13, 1H, 4-H), 3.25 (dd, J = 8/13, 1H, 4-H), 3.40-3.70 {m, 4H, 2CH,
(piperidine)], 4,60—4.80 (m, 1H, 5-H), 7.26 (s, 10H, aryl)
2f  CpsHyyN,O4 72.10 581 6.73 1640 1.45(d,J=6,3H, CHy),2.77 (dd,J=7/13, 1H, 4-H), 3.20 (dd, J=8.5/13, 1H,
416.5) 7222 585 6.76 4-H}, 3.54-3.96 [m, 8H, 4CH, (morpholine)], 4.55-4.95 (m, 1H, 5-H), 7.23 (s,
5H, aryl), 7.25 (s, 5H, aryl)
2g  CyHyeN,05 7790 5.670 6.06 1655 1.80-2.05 [m, 4H, 2CH, (pyrrolidine)], 3.15 (dd, J = 9/12, 1H, 4-H), 3.56 (dd,
(462.5) 7794 589 6.08 J=9/12, 1H, 4-H), 3.50-4.10 [m, 4H, 2CH, (pyrrolidine)], 5.56 (t, J = 9, 1H,
5-H), 7.22 (s, SH, aryl), 7.24 (s, 5H, aryl), 7.38 (s, 5H, aryl)
2h  C3HyN,04 78.13 592 588 1644 1.45-1.80 [m, 6H, 3CH, (piperidine)], 3.14 (dd, J = 9/13, 1H, 4-H), 3.40-3.80
(476.6) 78.33 6.04 599 [m, 5H, 4-H/2CH, (piperidine)], 5.51 (t, /=9, 1 H, 5-H), 7.24 (s, 10H, aryl),
7.38 (s, 5H, aryl)
2i  C3HpN,04 75.30 548 585 1654 3.16(dd, J=9/13.5, 1H, 4-H), 3.58 (dd, J =9/ 13.5, 1H, 4-H),
(478.5) 7528 539 586 3.70-3.90 [m, 8H, 4CH, (morpholine)], 5.55 (t, J =9, 1H, 5-H), 7.23 (s, 10H,
aryl), 7.39 (s, 5H, aryl)
2j  CzHyN,O4 7790 567 6.06 1637 1.85-2.15[m, 4H, 2CH, (pyrrolidine)], 3.38~3.70 [m, 2H, CH,(pyrrolidine)],
(462.5) 78.00 571 6.15 3.90-4.20 [m, 2H, CH, (pyrrolidine)], 4.20-4.80 (m, 3 H, 4-H/5-H), 6.70—
7.10 (m, 5 H, aryl), 7.19 (s, 5H, aryl), 7.31 (s, 5H, aryl)
2k CyHyN,O,CH)Cl, 6845 539 499 1642 1.50-2.05 [m, 6H, 3CH, (piperidine)], 3.40-3.95 [m, 4H, 2CH,(piperidine)],
(561.5) 68.65 5.36 5.01 4.20-4.70 (m, 3H, 4-H/5-H), 6.80-7.15 (m, 5H, aryl), 7.20 (s, 5H, aryl), 7.32
(s, 5H, aryl)
21 CyHpeN,0,CH,Cl, 66.08 501 497 1640 3.50-4.10[ m, 8H, 4CH, (morpholine)], 4.25-4.80 (m, 3H, 4-H/5-H), 6.76—
(563.5) 66.13 5.13 5.02 7.50 (m, 10H, aryl), 7.20 (s, 5H, aryl)
3a  CyHyp,N,04 7459 574 7.25 1620 1.75-2.05[m, 4H, 2CH, (pyrrolidine)], 3.06 (t, J = 5, 2H, 3-H), 3.20-3.75 [m,
(386.5) 7450 5.81 722 4H, 2CH, (pyrrolidine)], 4.52 (t, J = 5, 2 H, 2-H), 7.10-7.50 (m, 10H, aryl)
3b CyHyuN,0,4 7498 6.04 7.00 1620 1.44-1.80[m, 6H, 3CH, (piperidine)], 3.05 (t,J = 5, 2 H, 3-H), 3.45-3.80 [m,
(400.5) 7498 6.13 7.00 4H, 2CH, (piperidine)], 4.50 (t, J = 5, 2H, 2-H), 7.10-7.42 (m, 10H, aryl)
3¢ CyuHpN,04 71.63 351 696 1630 3.07(,J=5,2H,3-H),3.55-3.80[ m, 8H, 4CH, (morpheline)], 4.52 (t,J = 5,
402.4) 7141 550 6.76 2H, 2-H), 7.00-7.50 (m, 10H, aryl)
3d C,HyuN,04 7498 6.04 7.00 1630 147(d,J=6.5,3H, CH,), 1.80-2.05 [m, 4H, 2CH, (pyrrolidine)], 2.62 (dd,
(400.5) 75.15 6.12 7.06 J=28/16, 1H, 3-H), 3.35 (dd, J = 1.5/16, 1H, 3-H), 3.20—3.80 [m, 4H, 2CH,
(pyrrolidine)], 4.55-4.85 (m, 1H, 2-H), 7.05-7.50 (m, 10H, aryl)
3e CyHyN,04 7534 632 6776 1620 1.44(d, J=6,3H, CH;), 1.40-1.80 [m, 6H, 3CH, (piperidine)], 2.58 (dd, J =
(414.5) 7539 623 672 9/17, 1H, 3-H), 3.25 (dd, J = 1.5/17, 1H, 3-H), 3.45-3.75 {m, 4H, 2CH,
(piperidine)], 4,55-4.80 (m, 1H, 2-H), 7.10-7.44 (m, 10H, aryl)
3 CysHuN,O4 72.10 581 6.73 1625 1.50(d,J=6,3H,CH,),2.65(dd,J=8.5/17.5, 1H, 3-H), 3.36 (dd, J = 1.5/17.5,
(416.5) 7220 6.01 6.46 1H, 3-H), 3.60-3.85 [m, 8H, 4CH, (morpholine)}, 4.55-4.90 (m, 1H, 2-H),
7.05-7.50 (m, 10H, aryl)
3g  C3HyN,04 7790 5.67 6.06 1625 1.80-2.10 [m, 4H, 2CH, (pyrrolidine)), 2.95 (dd, J = 9/17, 1H, 3-H), 3.35—
(462.5) 7772 555 6.05 3.80 [m, 4H, 2CH, (pyrrolidine)], 3.65 (dd, J = 2/17, 1H, 3-H), 5.53 (dd, J = 2/
9, 1H, 2-H), 7.15-7.60 (m, 15H, aryl)
3h  C;3HypN,030.5H,0  76.68 6.02 577 1630 1.40-1.80 [m, 6H, 3CH, (piperidine)], 2.99 (dd, J = 9/17, 1H, 3-H), 3.40-
(485.6) 76.82 589 5.78 3.80 [m, 4H, 2CH, (piperidine)], 3.58 (dd, J = 1.5/17, 1H, 3-H), 5.48 (dd, J =
1.5/9, 1H, 2-H), 7.10-7.35 (m, 10H, aryl), 7.40 (s, 5H, aryl)
3i  C3HyN,0,0.5H,O0 7391 558 5.75 1625 3.00(dd,J=9/17, 1H, 3-H), 3.50—3.80 [m, 9H, 3-H/4CH, (morpholine)], 5.51
(487.6) 73.76 5.59 5.8l (dd, J = 1.5/9, 1H, 2-H), 7.10-7.35 (m, 10H, aryl), 7.40 (s, 5SH, aryl)
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Reaction of 2-(4,5-Dihydro-2-pyrrolidino-3-furanyl)-5,6-
diphenyl-4H-1,3-0xazin-4-one(2a) with Dibenzoyldia-
zomethane: Synthesis of 2,3,3a,7a-Tetrahydro-4-0x0-5,6-
diphenyl-7a-pyrrolidino-4H-furo[2,3-b]pyran-3a-carbo-
nitrile (3a)

A mixture of 2a (1.29 g, 3.3 mmol), dibenzoyldiazomethane
(1.67 g, 6.7 mmol), and Rh,(OAc), (0.04 g) in C¢HsF (10 ml)
was heated at 70 °C with stirring for 4 h. The solvent was
removed, and the residue was purified by column chromato-
graphy on alumina with CH,Cl, as eluent to give 3a (1.12 g,
87%).

General Procedures for Reactions of 2a-1 with Aqueous
Acetic Acid

A mixture of 2a—1 (2.5 mmol), acetic acid (0.5 ml), and water
(1 m)(2a—i) or (2 ml) (2j~1) in acetone (15 ml)( 2a-1i) or
(30 ml) (2j—1I) was heated at 50 °C with stirring for 4 h (2a—
i) or 30 h (2j-1). The solvent was removed, and H,O was
added to the residue. The mixture was extracted with CH,Cl,.
The extract was washed with H,O, and dried with Na,SO,.
Evaporation of the solvent and purification of the residue by
column chromatography on silica gel with CH,Cl,/acetone (4:
1) as eluent afforded 4a [from 2a (0.97 g, 2.5 mmol): yield
0.65 g (78%), from 2b (1.03 g, 2.5 mmol): yield 0.79 g (95%),
from 2¢ (1.01 g, 2.5 mmol): yield 0.67 g (80%)], 4b [from 2d
(1.00 g, 2.5 mmol): yield 0.66 g (77%), from 2e (1.04 g, 2.5
mmol): vield 0.80 g (93%), from 2f (1.04 g, 2.5 mmol): yield
0.77 g (90%)], 4c¢ [from 2g (1.16 g, 2.5 mmol): yield 0.85 g
(83%), from 2h (1.19 g, 2.5 mmol): yield 0.90 g (88%), from
2i (1.20 g, 2.5 mmol): yield 0.89 g (87%)] or 4d {from 2j
{1.16 g, 2.5 mmol): yield 0.47 g (46%), from 2k (1.40 g, 2.5
mmol): yield 0.89 g (87%), from 21 (1.41 g, 2.5 mmol): yield
0.87 g (85%)].

7,8-Dihydro-2,3-diphenyl-4H-furo[2,3-b]{ 1,5 ]oxazocin-
4,6(5H)-dione (4a)

Pale yellow needles; m.p. 232-233 °C (acetone). — IR: 3240
cm! (NH), 1717, 1680 (C = O). - 'HNMR: 3.03 (t, J = 7.5,
2 H,7-H), 443 (t, J = 7.5, 2 H, 8-H), 7.05-7.40 (m, 10 H,
aryl), 10.56 (br. s, 1 H, NH). - MS, m/z (%): 333 (50) [M*].
CyH(sNO, Calcd.: C72.06 H4.54 N4.20
(333.3) Found: C72.17 H457 N4.34.

7.8-Dihydro-8-methyl-2,3-diphenyl-4H-furo[2,3-b][ 1,5 Jox-
azocin-4,6(5H)-dione (4b)

Pale yellow needles; m.p. 224-226 °C (CH,Cl/Et;0). — IR:
3210 cm™! (NH), 1720, 1685 (C = 0). - 'HNMR: 1.44 (d,J =
7,3 H, CHy), 2.57 (dd, J = 6.5/15.5, 1 H, 7-H), 3.17 (dd, J =
9/15.5,1H, 7-H), 4.58-4.90 (m, 1 H, 8-H), 7.05-7.43 (m, 10
H, aryl), 10.58 (br. s, 1 H, NH).

CyHzNO, Caled.: C72.61 H493 N4.03

(347.4) Found: C72.47 H4.87 N4.10.

7,8-Dihydro-2,3,8-triphenyl-4H-furo[2,3-b][ 1,5 Joxazocin-
4,6(5H)-dione (4¢)

Pale yellow needles; m.p. 211-212 °C (CH,CI,/Et,0). — IR:
3250 cm™! (NH), 1716, 1690 (C = 0). ~'H NMR: 2.93 (dd, J
=7/14,1H,7-H), 3.48 (dd, J=9/14, 1 H, 7-H), 5.60 (dd, J =
779, 1 H, 8-H), 7.05-7.35 (m, 10 H, aryl), 7.37 (s, 5 H, aryl),
10.61 (br. s, 1 H, NH).

CyHoNO, Caled.: C7627 H4.68 N3.42
(409.4) Found: C76.02 H479 N3.6L.

7.8-Dihydro-2,3,7-triphenyl-4H-furo[2,3-b][ 1,5 Joxazocin-
4,6(5H)-dione (4d)

Pale yellow needles; m.p. 202-204 °C (CH,Cl,/Et,0). - IR:
3200 cm™! (NH), 1715, 1694 (C = O). —1H NMR: 4.05-4.80
(m, 3 H, 7-H/8-H), 6.45-7.35 (m, 15 H, aryl), 10.73 (br. s,
1 H, NH).
CasH9NOy
(409.4)

Caled.: C7627 H468 N3.42
Found: C76.18 H4.66 N3.61.

Reaction of 2-(4,5-Dihydro-2-pyrrolidino-3-furanyl)-5,6-
diphenyl-4H-1,3-oxazin-4-one (2a) with Aqueous Etha-
nol

A mixture of 2a (0.97 g, 2.5 mmol) and water (5 ml) in ethanol
(15 ml) was refluxed for 7 h. The solvent was removed, and
Et,O was added to the residue. The precipitate was collected
by filtration and recrystallized from acetone/petroleum ether
to give 3-0xo0-2-phenylbenzenepropanamide (0.40 g, 67%) as
colorless needles; m.p. 176—177 °C (lit. [12] a) 172-174 °C,
[12] b) 174-176 °C).

Hydrolysis of 2,3,3a,7a-Tetrahydro-4-o0xo-5,6-diphenyl-
7a-pyrrolidino-4H-furo[2,3-b]pyran-3a-carbonitrile (3a):
Synthesis of 3-Cyano-4-oxo-5-phenylpentyl1-pyrrolidine-
carboxylate (5)

A mixture of 3a (1.93 g, 5 mmol), KOH (1.12 g, 20 mmol),
and H,O (5 ml) in EtOH (20 ml) was refluxed for 1.5 h. The
solvent was removed, and H,O was added to the residue. The
mixture was extracted with Et,O. The extract was washed with
H,0 and dried with Na,SOy,, and concentrated. The residue
was recrystallized from petroleum ether to afford 1,2-di-
phenylethanone [0.53 g (54%), m.p. 55-56 °C]. This com-
pound was identical with an authentic sample [deoxybenzoin
(Aldrich Chemical Company, Inc.)] on the basis of the IR
spectra. The aqueous layer was acidified with 10% HCl and
extracted with CH,Cl,. The extract was dried with Na,SOy.
Evaporation of the solvent and purification of the residue by
column chromatography on silica gel with CH,Cl, as eluent,
afforded benzoic acid (0.09 g, 15%). Further elution with
CH,Cl,/acetone (4:1) gave 5 (0.58 g, 39%).

3-Cyano-4-oxo-5-phenylpentyl-pyrrolidinecarboxylate (5)

Pale yellow oil. — IR (CHCl,): 2240 cm™ (C=N), 1730, 1690
(C=0).-'HNMR: 1.70-2.05 [m, 4 H, 2xCH, (pyrrolidine)],
2.10~2.40 (m, 2 H, OCH,CH,), 3.10--3.50 [m, 4 H, 2xCH,
(pyrrolidine)], 3.67 (dd, J = 6/8, 1 H, CH-CN), 4.00 (s, 2H,
COCH,), 4.10-4.40 (mn, 2 H, OCH,CH,), 7.10-7.55 (m, 5H,
aryl). — MS, m/z (%): 300 (9) [M*].

C17HyN,0O;3 Caled.: C67.98 H6.71 N9.33

(300.4) Found: C68.18 H6.71 N9.34.

5,6-Bis(4-chlorophenyl)-2-(4,5-dihydro-2-pyrrolidino-3-
furanyl)-4H-1,3-oxazin-4-one (6)

A mixture of 1a (0.55 g, 3.3 mmol), bis(4-chlorobenzo-
yl)diazomethane {13] (1.28 g, 4 mmol), and Rh,(OAc), (0.05
g) in C¢HsF (10 ml) was heated at 70 °C with stirring for 4 h.
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The solvent was removed, and the residue was chromato-
graphed on alumina with CH,Cl,/acetone (4:1) as eluent to
yield6 (1.14 g, 75%). Pale yellow needles; m.p. 191 °C (dec.)
(CH,CL/Et,0). — IR: 1640 cor! (C = O). —'H NMR: 1.75—
2.10 [m, 4 H, 2xCH, (pyrrolidine)], 3.10 (t,J =8, 2 H, 4-H),
3.55-3.85[m, 4 H, 2xCH, (pyrrolidine)], 4.38 (t, /=8,2 H,
5-H), 7.05-7.35 (m, 8 H, aryl).

C24H20N203C12 Caled.: C63.31 H443 N6.15
(455.3) Found: C63.20 H4.38 N 6.14.

5,6-Bis(4-chlorophenyl)-2,3,3a,7a-tetrahydro-4-oxo-7a-pyr-
rolidino-4H-furo[2,3-b [pyran-3a-carbonitrile (7)

A mixture of 1a (0.55 g, 3.3 mmol), bis(4-chloroben-
zoyl)diazomethane (3.19 g, 10 mmo}), Rhy,(OAc)4 (0.05 g) in
CgHsF (10 ml) was heated at 70 °C with stirring for 4 h. The
solvent was removed, and the residue was chromatographed
on alumina with CH,Cl, as eluent to afford 7 (1.04 g, 68%).
Colorless columns; m.p. 235-237 °C (acetone). — IR: 1620
cm~! (C=0). - 'H NMR: 1.80-2.10 [m, 4 H, 2xCH,
(pyrrolidine)], 3.03(t, J = 5, 2 H, 3-H), 3.30-3.70 [m, 4 H,
2CH, (pyrrolidine)], 4.50 (t, J = 5, 2H, 2-H), 7.05-7.35 (m,
8 H, aryl). - 13C NMR: 24.9, 25.6, 25.8, 46.7, 48.3, 70.7,
109.1,121.6 (C=N), 128.3, 128.4, 130.6, 131.7, 132.0, 132.4,
133.3, 135.5, 155.1, 157.2, 159.6, 177.7 (C=0).
C24H20N203C12 Caled.: C63.31 H443 N6.15
(455.3) Found: C63.52 H4.60 N 6.20.

Reaction of 2-(4,5-Dihydro-2-pyrrolidino-3-furanyl)-5,6-
diphenyl-4H-1,3-0xazin-4-one (2a) with Bis(4-chloroben-
zoyl)diazomethane

A mixture of 2a (1.49 g, 3.3 mmol), bis(4-chloroben-
zoyl)diazomethane (2.13 g, 6.7 mmol), and Rh,(OAc), (0.05
g) in C¢HsF (10 ml) was heated at 70 °C with stirring for 4 h.
The solvent was removed, and the residue was chromato-
graphed on alumina with CH,Cl, as eluent to give a mixture
of 3a and 7. Fractional recrystallization from acetone/petro-
leum ether gave colorless prisms (3a, 0.12 g, 9%) and colorless
columns (7, 0.80 g, 53%).

Reaction of 5,6-Bis(4-chlorophenyl)-2-(4,5-dihydro-2-pyr-
rolidino-3-furanyl)-4H-1,3-oxazin-4-one (6) with Diben-
zoyldiazomethane

A mixture of 6 (1.51 g, 3.3 mmol), dibenzoyldiazomethane
(1.67 g, 6.7 mmol), and Rh,(OAc),4 (0.05 g) in C¢HsF (10 ml)

was heated at 70 °C with stirring for 4 h. The solvent was
removed, and the residue was chromatographed on alumina
with CH,Cl, as eluent to give a mixture of 3a (0.48 g, 37%)
and 7 (0.34 g, 22%).
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