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Abstract. 2-Amino-4,5-dihydro-3-furancarbonitrile3 re- hydro-3-furanyl)propanedioatdsDehydrogenation afwith
act with dialkyl diazomalonates in the presence of rho-DDQ provided dialkyl (5-amino-4-cyano-3-furanyl)pro-
dium(ll) acetate to yield dialkyl (5-amino-4-cyano-2,3-di- panedioates.

In the preceding paper, we showed that 2-amino-4,5- Subsequently, to prevent the N—H insertion reaction,
dihydro-3-furancarbonitriles react withdiazo3-keto ~ we investigated the reaction of 4,5-dihydro-2-pyrrolid-
esters such as ethyl diazoacetoacetate and ethyl diazae-, as well as of 2-piperidino- and 2-morpholino-3-
benzoylacetate in the presence of rhodium(ll) acetatéurancarbonitriles3a—h [6, 7] with dialkyl diazoma-
to form ethyl H-pyran-2-carboxylate [1]. In continua- lonates, and found an unexpected reaction.
tion of this study, we examined the reactions of 2-ami- When a mixture of 2-pyrrolidino-3-furancarbonitrile
no-4,5-dihydro-3-furancarbonitrile$ and3) with dime-  3a, dimethyl diazomalonate, and rhodium(ll) acetate in
thyl diazomalonate [2] and diethyl diazomalonate [3]. fluorobenzene was heated at 70 °C under nitrogen, an

When a mixture of 2-amino-4,5-dihydro-3-furancar-
bonitrile1 [4], dimethyl diazomalonate, and a catalytic
amount of rhodium(ll) acetate in 1,2-dichloroethane was CN R200C. | CN
refluxed for 1 h, an N—H insertion product, dimethyl Jj: N,=C(COOR?),  R200C~ J\_/[ R
[(3-cyano-4,5-dihydro-2-furanyl)amino]propanedioate R*” 0" "N Rh,(0AC), RT 07N
(2) was obtained in 75% yield, and the expected dime- 5., dak
thyl 2H-pyran-2,2-dicarboxylate could not be isolated.
In order to confirm the structure 8f hydrolysis of2
with hydrochloric acid led to tetrahydro-2-oxo-3-fur- DDQ
ancarbonitrile which was identical with an authentic
sample [5]. ThéH NMR spectrum oR in deuterio-
chloroform indicates thaconsists of approximately a re0oc._ cN R200C oN

. . . . CH- P

3:2 tautomeric mixture of the enamiAeand the imine  re00c— l—/[ g~ ReOOC j\_/'[ R
B forms (Scheme 1). Rr O N:R - Rr' O N,

D 5a—k,C
|CN N,=C(COOMe), U[CN
[OINHZ Rhy(OACc), O~ >NHCH(COOMe),
R R
2,A 35 |[RL Rz N<g 475| Rl R2 NZp
aHMeN:| iPhEtN:|
b |H Me N ) j|PhoEC N
c lH Me N:O k| Ph Et N:O
d |Me Me N]
e |[Me Me N Do
f | Ph Me N
CN conc. HCI CN :l
L = L Lo e 3
1o MeOH O N-CH(COOMe), h |Ph Me N:O
B
Scheme 1 Scheme 2
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allylic C—H insertion product, dimethyl (4-cyano-2,3-

dihydro-5-pyrrolidino-furan-3-yl)propanedioatawas
obtained in 41% yield (Scheme 2).

Compound4a has the molecular composition
Cy4H1gN,05, and its IRIH NMR, and13C NMR spec-
tra are consistent with the proposed structiaeThe

the other hand, in the IR spectrebefk, the two bands

of the non-conjugated ester carbonyl groups (1725-
1735 and 1740-1760 c#y shift to higher frequen-
cies from 20 to 30 cm than those oba—d. The

IH NMR spectra ofce—k reveal the signal of the
malonate methine proton as a singletdat 4.48—

analogous allylic C—H insertion was also observed byt.83 ppm, and no the signal of a methine proton (2-H)

Wulfmanet al. in their study dealing with the reactions

of the furan ring observed aroudd 5.50-6.50 ppm.

of cyclohexenes and dimethoxycarbonylcarbenoid [8].These spectral data suggest thatd are the 3(B)-

Compound8b—h reacted with dimethyl diazomalonate

furanylidene structur€, whereas those dfe—k are

under the same conditions to give the correspondinthe furan-3-yl structur®.

dimethyl furan-3-ylpropanedioatdb—h in fair yields.
Similarly, the reaction o8f—h with diethyl diazoma-

lonate afforded the corresponding diethyl 3-furanylpro-
panedioatedi—k. Also their structures were supported

by analytical and spectral data.
In order to confirm the structure 4é, dehydrogena-
tion of 4awith DDQ led to dimethyl 3-furanylpropane-

dioate5a, which was identical with an authentic sam-

Experimental

All melting points are uncorrected. IR spectra were recorded
with a Jasco A-302 instrumedit and13C NMR spectra were
measured on a Hitachi R22 (90 MHz), Jeol JNM-GX-400
(400 MHz), and Jeol JNM-A500 (500 MHz) in CQQWith
TMS as internal standard,scale; coupling constants in Hz.

ple prepared by the following method: Chloroacetyla-Mass spectra were recorded with a Jeol JIMS-D300, 70eV.

tion of 1-(cyanoacetyl)pyrrolidine [9] with chloroacetyl

chloride in the presence of magnesium chloride and triDimethyl (3-Cyano-4,5-dihydro-2-furanyl)aminopropane-

ethylamine gave 4-chloro-3-oxo-2-(pyrrolidinocarbon-

dioate2

yl)butanenitrile6 in 54% yield, and subsequent treat- A mixture of 1 [4] (1.10g, 10 mmol), dimethyl diazoma-

ment with sodium hydride provided 4,5-dihydro-4-oxo-

2-pyrrolidino-3-furancarbonitrile?) in 66% yield. Fi-
nally, the desire®awas prepared by the reaction7of

lonate [2] (1.74 g, 11 mmol), and R®Ac), (0.05 g)in 1,2-
dichloroethane (20 ml) was refluxed for 1 h. The solvent was
removedn vacuq and the residue was chromatographed on

with dimethyl malonate in the presence of titanium(IV) Silica gel with CHCl,/acetone (4:1) as eluent, to affdd

chloridef/triethylamine utilising a modification of a pro-
cedure described in the literature [10] (Scheme 3).

N CICH,COCI CN
CHp go z CICH,COCH{ )
6
NaH
DME

N CN
N

7

CH,(COOMe),
TiCly/EtzN

4a

Scheme 3

Subsequently, aromatization db—k with DDQ

yielded the corresponding dialkyl (furan-3-yl)propane-

dioatessb—k. The IR spectra oda—d display the two

Colorless prisman.p. 88—90 °C (CHCl./petroleum ether).
— IR (KBr): vicmr® = 2190 (&N), 1750 (C=0). XH NMR
(500 MHz): d/ppm = 2.50-2.70 (m, 0.8H, 4-H), 2.91 (t,
J =10, 1.2H, 4-H), 3.78 (s, 1.3H, G43.81 (s, 1.3H, CH,
3.84 (s, 3.4H, CH, 3.92 (t,J= 7.5, 0.4H, 3-H), 4.35-4.52
(m, 0. 8H, 5-H), 4.44 (1] = 10, 1.2H, 5-H), 5.02 (d] = 8.5,
0.6H, NH), 5.04 (s, 0.4H, =N-CH), 5.54 (@i= 8.5, 0.6H,
NHCH).
CygH1N05
(240.2)

Calcd.: C50.00 H5.04 N 11.66
Found: C50.26 H5.01 N 11.80.

Reactions of 2-Amino-4,5-dihydro-3-furancarbonitriles
3 with Dialkyl Diazomalonates (General Procedure)

Procedure AA mixture of3 (10 mmol), dimethyl diazoma-
lonate (1.74 g, 11 mmol), and RBACc), (0.05 g) in GHsF

(20 ml) was heated at 70 °C with stirring for 4 h under nitro-
gen. After removal of the solveirt vacuq the residue was
purified by column chromatography on alumina with,CH

as eluent. Yieldda (1.20 g, 41%)4b (1.08 g, 35%)4c
(1.30 g, 42%)4d (1.19 g, 39%)4e(1.16 g, 36%)4f (1.51 g,
41%)49(1.42 g, 37%), andh (1.17 g, 30%).

Procedure BFrom 3 (10 mmol) and diethyl diazomalonate

[3] (2.79 g 15mmol) as described fétrocedure AYield 4i
(0.93 g, 23%)4j (0.90 g, 22%), andk (1.19 g, 29%).

bands of the conjugated ester carbonyl groups at 1 6803imethyl (4-Cyano-2,3-dihydro-5-pyrrolidino-furan-3-

1690 and 1720-1730 ¢ ThelH NMR spectra of
5a—d show a singlet a¥=5.50—5.20 ppm5a—c) or a
guartet aid = 6.05 ppm %d) corresponding to the two

yl)propanedioatetla

From 4,5-dihydro-2-pyrrolidino-3-furancarbonitrile [6]
(1.649, 10 mmol). Colorless prismsy.p. 125-126 °C (di-

protons or one proton of the 2-H of the furan ring. Onethyl ether). 23C NMR (125 MHz): 25.2, 42.9, 47.7, 49.9,
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52.5,52.7,55.4,73.6, 120.0, 165.0,168.0, 168.3. — MS (FABgther/petroleum ether).13C NMR (100 MHz ): 13.9, 14.0,
m/z(%): 295 (54) [Mr + H]. 25.3, 47.8, 49.5, 50.8, 55.6, 61.5, 61.7, 85.3, 120.3, 125.5,

Dimethyl (4-Cyano-2,3-dihydro-5-piperidino-furan-3-yl)pro- 128.4,128.6,140.1, 164.4, 167.6, 167.8.

panedioatetb Diethyl (4-Cyano-2,3-dihydro-2-phenyl-5-piperidino-furan-
From 4,5-dihydro-2-piperidino-3-furancarbonitrile [7] 3-y)propanedioate

(1.78 g, 10 mmol). Colorless prisms;p. 99—100 °C (di- From 4,5-dihydro-5-phenyl-2-piperidino-3-furancarbonitrile
ethyl ether). 23C NMR (100 MHz): 24.0, 25.4, 43.1, 47.3, [7] (2.54 g, 10 mmol). Colorless prismm;p. 77—-78 °C (di-
50.5,52.5,52.7, 55.0, 72.5, 120.1, 166.0, 168.0, 168.2. — M®thyl ether/petroleum ether).:3C NMR (100 MHz): 13.9,
(FAB) m/z(%): 309 (53) [M + H]. 14.0,24.0, 25.6, 47.4,50.1,51.0, 55.3, 61.5, 61.7, 84.2, 120.0,

Dimethyl (4-Cyano-2,3-dihydro-5-morpholino-furan-3- 125.4, 128.4, 128.6, 140.1, 165.3, 167.6, 167.8.
yl)propanedioatelc Diethyl (4-Cyano-2,3-dihydro-5-morpholino-2-phenyl-furan-
From 4,5-dihydro-2-morpholino-3-furancarbonitrile [6] 3-Y)propanedioatetk

(1.80 g, 10 mmol). Colorless prismy;p. 110-111 °C (di-  From 4,5-dihydro-2-morpholino-5-phenyl-3-furancarbonitrile
ethyl ether). 23C NMR (100 MHz): 42.9, 46.1, 52.1,52.6, [6] (2.56 g, 10 mmol). Colorless prismm;p. 92-93 °C (di-
54.9, 66.1, 72.9, 119.3, 166.0, 167.9, 168.1. — MS{#)  ethyl ether/petroleum ether).13C NMR (100 MHz): 13.9,
(%): 310(7)[M]. 14.0, 46.2,50.8, 51.8, 5561.6, 61.8, 66.1, 84.7, 119.2, 125.5,

Dimethyl (4-Cyano-2,3-dihydro-2-methyl-5-pyrrolidino- 128.6,139.7, 1653, 167.4, 167.6.

furan-3-yl)propanedioatdd

From 4,5-dihydro-5-methyl-2-pyrrolidino-3-furancarbonitrile )
[6] (178 g, 10 mm0|) Colorless Co|umnm_p_ 99— Procedure AA mIth.Jre of4a—d, f—k (3 mmOl) and DDQ
100 °C (diethyl ether). 13C NMR (100 MHz): 21.2, 25.2, (0. 89 g, 3.9 mmol) in benzene (20 ml) was refluxed for 1 h.

47.6, 48.8, 49.6, 52.4, 52.6, 55.6, 82.3, 120.8, 164.0, 168.d\fter the solvent had been removed under reduced pressure,
168.3. CH,CI, (20 ml) was added to the residue. The mixture was

. ) . filtered to remove the insoluble material, and the filtrate was
Dimethyl (4-Cyano-2,3-dihydro-2-methyl-5-morpholino- concentratedn vacuo The residue was purified by column
furan-3-yl)propanedioatde chromatography on alumina with GEl, as eluent. Yiel®a
From 4,5-dihydro-5-methyl-2-morpholino-3-furancarbonitrile (0.52 g, 59%)5b (0.52 g, 57%)5¢(0.34 g, 37%)5d (0.20 g,

[6] (1.94 g, 10 mmol). Colorless prisms;p. 117—-118 °C  22%),5f (0.549, 49%),59 (0.55 g 48%),5h (0.54 g, 47%),
(diethyl ether). 23C NMR (100 MHz): 21.0, 46. 1, 49.5, 5i(0.62 g, 52%)5j (0.56 g, 46%), an8k (0.69 g, 56%).

Reactions of 4 with DDQ (General Procedure)

— MS(EI) m/z(%): 324 (30) [M]. 3.6 mmol) as described f@rocedure AYield 5e (0. 17 g,
Dimethyl (4-Cyano_—2,3-dihydro-2-pheny|-5—pyrro|idino- 18%).
furan-3-yl)propanedioatdf Dimethyl (4-Cyano-5-pyrrolidino-(2H)-furan-3-ylidene)pro-

From 4,5-dihydro-5-phenyl-2-pyrrolidino-3-furancarbonitrile panedioatéa

[6] (2.40 g, 10 mmol). Colorless prismsip. 178—179 °C  From 4a (0. 88 g, 3 mmol). Colorless prismay.p. 181—

(acetone). 13C NMR (100 MHz): 25.2, 47.8, 49.4,50.9,52.5, 182 °C (CHCl,/petroleum ether). — MS (FAB)/z(%): 293
52.6, 55.585.5, 120.2, 125.5, 128.5, 128.6, 139.9, 164.4,54) [M*+ H].

167.8, 168.2.

. . o Dimethyl (4-Cyano-5-piperidino-(2H)-furan-3-ylidene)pro-
Dimethyl (4-Cyano-2,3-dihydro-2-phenyl-5-piperidino- panedioatesb
furan—3—yl)propanedloatég o ~ From4b (0.92 g, 3 mmol). Colorless needleap. 151—
From 4,5-dihydro-5-phenyl-2-piperidino-3-furancarbonitrile 152 °c (CHCI,/petroleum ether). — MS (FABMz(%): 307
[7] (2.54 g, 10 mmol). Colorless prisms;p. 101-102 °C (55) [M++ H].
(diethyl ether). 13C NMR (100 MHz): 24.0, 25.6,47.5,49.9, . .
51.1,52.5,52.6, 55.2, 84.3, 119.9, 125.3, 128.5, 128.6, 140.8imethyl (4-Cyano-5-morpholino-(2H)-furan-3-ylidene)pro-
165.3, 167.8, 168.1. panedioatesc
; ; - From 4c (0.93 g, 3 mmol). Colorless prismsip. 172—
Dimethyl (4-Cyano-2,3-dihydro-5-morpholino-2-phenyl- o . i
furan-3-yl)propanedioatdh (16773)[“%(+CE]CI2/petroleum ether). — MS (FAB)z(%): 309
From 4,5-dihydro-2-morpholino-5-phenyl-3-furancarbonitrile ' o
[6] (2.56 g, 10 mmol). Colorless neediesp. 124—125 °C ~ Dimethyl (4-Cyano-2-methyl-5-pyrrolidino-(2H)-furan-3-
(acetone/petroleum ether)t3€ NMR (125 MHz): 46.3,50.9, Ylidene)propanedioatéd
51.6,52.6, 52.7, 55.0, 66.2, 84.8, 119.1, 125.4, 128.7, 128.&rom 4d (0.92 g, 3 mmol). Colorless prismsip. 163—
139.5, 165.4,167.7, 168.0. — MS (Ei)z(%): 386 (32) [M]. 164 °C (CHCl,/petroleum ether).

Diethyl (4-Cyano-2,3-dihydro-2-phenyl-5-pyrrolidino-furan- Dimethyl (4-Cyano-2-methyl-5-morpholino-furan-3-yl)pro-
3-yl)propanedioateti panedioatee

From 4,5-dihydro-5-phenyl-2-pyrrolidino-3-furancarbonitrile From 4e. Colorless needlesn.p. 58—59 °C (diethyl ether/
[6] (2.40 g,10 mmol). Colorless colummsp. 90 °C (diethyl  petroleum ether).

564 J. Prakt. Chenil999 341, No. 6



Rhodium(ll) Acetate-Catalyzed Reaction of 2-Amino-4,5-dihydro-3-furancarbonitriles FULL PAPER

Dimethyl (4-Cyano-2-phenyl-5-pyrrolidino-furan-3-yl)pro- Diethyl (4-Cyano-2-phenyl-5-pyrrolidino-furan-3-yl)propa-

panedioatesf nedioatebi

From 4f (1.11 g, 3 mmol). Colorless prismsn.p. 169—  From4i (1.19 g, 3 mmol ). Colorless prismstp. 118—
170 °C (CHCl,/petroleum ether). 119 °C (diethyl ether/petroleum ether).

Dimethyl (4-Cyano-2-phenyl-5-piperidino-furan-3-yl)pro-

panedioatesg Diethyl (4-Cyano-2-phenyl-5-piperidino-furan-3-yl)propane-
From 4g (1.15 g 3 mmol). Colorless prismsn.p. 145—  diate5

146 °C (CHCl,/petroleum ether). From 4j (1.24 g, 3 mmol). Colorless prismsip. 109—

o H _ 0, .
Dimethyl (4-Cyano-2-methyl-5-morpholino-furan-3-yl)pro- 41&2 (g6()d[ll\eﬂth+ylHe]ther/petroleum ether). — MS (FABy(%):
panedioatedh . . .
From 4h (1.16 g, 3 mmol). Colorless columns;p. 159—  Diethyl (4-Cyano-5-morpholino-2-phenyl-furan-3-yl)pro-
160 °C (CHCl,/petroleum ether). panedioatebk

From 4k (1.24 g, 3 mmol). Colorless prismsip. 116—
117 °C (diethyl ether/petroleum ether).

Table 1 Analytical and IR spectral data 46—k, 5a—k

Formula Analysis Calcd./Found Remrl)
C H N C=N C=0

4a  CyHgN,Og 57.13 6.17 9.52 2170 1730
(294.3) 57.29 6.20 9.52

4b  CyH,N,0s 58.43 6.54 9.09 2170 1740
(308.3) 58.46 6.64 9.11

4c  CyHgN,04 54.19 5.85 9.03 2170 1740
(310.3) 54.30 5.97 9.05 1727 (sh)

4d  CigH,N,0s 58.43 6.54 9.09 2170 1745
(308.3) 58.50 6.53 9.16 1727

d4e  CugHyN,04 55.55 6.22 8.64 2170 1750
(324.3) 55.69 6.25 8.67 1730

4f  CugHpuN,Os 64.85 5.99 7.65 2170 1750 (sh)
(370.4) 64.94 6.02 7.62 1735

49  CyH,N,Og 65.61 6.29 7.29 2175 1740
(384.4) 65.75 6.43 7.39

4h  CugH»N,0p 62.17 5.74 7.25 2180 1744
(386.4) 62.30 5.81 7.32 1728

4i CyHyN,0s 66.32 6.58 7.03 2195 1745
(398.5) 66.51 6.74 7.16 1730

4j  CugHpgN,0s 67.02 6.84 6.79 2190 1750 (sh)
(412.5) 66.95 6.67 6.74 1735

4k CyHyeN,04 63.76 6.32 6.76 2180 1750 (sh)
(414.5) 63.90 6.28 6.95 1730

5a CyH;gN,Os 57.53 5.52 9.58 2200 1720
(292.3) 57.42 5.55 9.39 1690

5b  CygHgN,O5 58.82 5.92 9.15 2200 1725
(306.3) 58.81 5.87 9.02 1685

5¢  CyH1gN,Og 54.54 5.23 9.09 2200 1720
(308.3) 54.59 5.30 8.87 1690

5d  CygHgN,O5 58.82 5.92 9.15 2205 1730
(306.3) 58.80 5.86 9.08 1680

5e  CysH1gN,04 55.90 5.63 8.69 2210 1760
(322.3) 55.89 5.68 8.47 1735

5 CygH,oN,O5 65.21 5.47 7.60 2190 1750 (sh)
(368.4) 65.30 5.39 7.69 1725

59 C,H,N,05 65.96 5.80 7.33 2200 1755
(382.4) 65.95 5.78 7.30 1735 (sh)

5h  C,gH,gN,Op 62.49 5.24 7.29 2200 1750 (sh)
(384.4) 62.27 5.23 7.22 1735

5i  CyHpN,Os 66.65 6.10 7.07 2200 1740
(396.4) 66.69 6.05 6.94 1735 (sh)

5/ CygHyeN,O5 67.30 6.38 6.82 2205 1745 (sh)
(410.5) 67.31 6.40 6.79 1735

5k CyHpN,0p 64.07 5.87 6.79 2210 1745 (sh)
(412.4) 64.08 5.85 6.69 1730
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Table 2 IH NMR spectral data ofa—k, 5a—k
IH NMR J (ppm),J (Hz)

4a 1.85-1.95 [m, 4H, 2CH(pyrrolidine)], 3.47—-3.57 [m, 4H, 2CHpyrrolidine)], 3.60(d,J = 7.5, 1H, CH), 3.74 (s, 3H, OGH 3.79
(s, 3H, OCH), 3.83 (ddd, = 4.5/7.5/8, 1H, 3-H), 4.38 (dd,= 4.5/8, 1H, 2-H), 4.52 (] =8, 1H, 2-H)

4b 1.55-1.65 [m, 6H, 3CK{(piperidine)], 3.44—-3.52 [m, 4H, 2GKpiperidine)], 3.61 (d) = 6.5, 1H, CH), 3.74 (s, 3H, OGH 3.76 (s,
3H, OCH;), 3.80(ddd)J = 3/6.5/9.5, 1H, 3-H), 4.40 (dd,= 3/10, 1H, 2-H), 4.47 (dd] = 9.5/10, 1H, 2-H)

4c 3.47-3.59 [m, 4H, 2Ck(morpholine)], 3.62 (d] = 7.5, 1H, CH), 3.67-3.72 [m, 4H, 2GKmorpholine)], 3.75 (s, 3H, OGH 3.79
(s, 3H, OCH), 3.82 (ddd,J= 4.5/7.5/9, 1H, 3-H), 4.42 (dd,= 4.5/10, 1H, 2-H), 4.50 (dd,= 9/10, 1H, 2-H)

4d 1.39(dJ =7, 3H, CH), 1.85-1.95 [m, 4H, 2CHpyrrolidine)], 3.38 (ddJ = 3.5/8, 1H, 3-H), 3.45—-3.55 [m, 4H, 2Gkpyrrolid
ine)], 3.58 (dJ =8, 1H, CH), 3.73(s, 3H, OCHi 3.79 (s, 3H, OCH},4.63 (dgJ = 3.5/7, 1H, 2-H)

de 1.39 (d,J =6.5, 3H, CH), 3.37 (ddJ = 3.5/7.5, 1H, 3-H), 3.45-3.56 [m, 4H, 2¢¢norpholine)], 3.60 (d)= 7.5, 1H, CH), 3.65—
3.72 [m, 4H, 2CH (morpholine)], 3.75 (s, 3H, OCH 3.79 (s, 3H, OCH), 4.67 (dgJ = 3.5/6.5, 1H, 2-H)

Af 1.90-2.00 [m, 4H, 2CK(pyrrolidine)], 3.55—3.65 [m, 4H, 2Ckpyrrolidine)], 3.73 (s, 3H, OC}), 3.74 (ddJ = 3/6.5, 1H, 3-H),
3.75(d,J = 6.5, 1H, CH), 3.77(s, 3H, OGH 5.55 (dJ = 3, 1H, 2-H), 7.30—-7.40 (m, 5H, aryl)

49 1.60-1.70 [m, 6H, 3Ckl(piperidine)], 3.50—3.60 [m, 4H, 2GHpiperidine)], 3.71 (ddj = 2.5/7,1H, 3-H), 3.74 (d =7, 1H, CH),
3.76 (s, 3H, OCH),3.77 (s, 3H, OCH), 5.56 (dJ = 2.5, 1H, 2-H), 7.30—7.40 (m, 5H, aryl)

4h 3.55-3.75 [m, IOH, CH, 3-H, 4CHmorpholine)], 3.75 (s, 3H, OC} 3.77 (s, 3H, OCH}, 5.60 (dJ = 2, 1H, 2-H), 7.30—7.40 (m,
5H, aryl)

4 1.24 (t,J =7, 3H, OCHCH,), 1.27 (tJ = 7, 3H, OCHCHg;, 1.90—-2.00 [m, 4H, 2CHpyrrolidine)], 3.50—-3.65 [m, 4H, 2CH
(pyrrolidine)], 3.71 (dJ= 7.5, 1H, CH), 3.75 (dd,= 2.5/7.5, 1H, 3-H), 4.21(d,= 7, 2H, O®,CH,), 4.23(qJ = 7, 2H, OG1,CHy),
5.63 (d,J = 2.5, 1H, 2-H), 7.30—7.40 (s, 5H, aryl)

4 1.24 (t,J=7, 3H, OCHCH,),1.28 (t,J = 7, 3H, OCHCH,),1.60—1.70 [m, 6H, 3Ck{(piperidine )], 3.50—3.60 [m, 4H, 2GH
(piperidine )], 3.71 (dJ) = 2, 2H, CH, 3-H), 4.22 (q] = 7, 2H, OCGH,CHy), 4.24(q,J = 7, 2H, O®1,CHy), 5.62 (s, 1H, 2-H), 7.30—
7.40 (m, 5H, aryl)

a4k 1.24 (t,J=7,3H, OCHCH,), 1.28 (t,J = 7,3H, OCHCH,), 3.65—-3.80 [m, IOH, CH, 3-H, 4CHmorpholine)], 4.21 (¢ = 7, 2H,
OCH,CH,), 4.24(q,J = 7, 2H, O®,CHj), 5.65 (dJ = 2, 1H, 2-H), 7.30—-7.40 (m, 5H,aryl)

5a 1.90-2.10 [m, 4H, 2CH(pyrrolidine)], 3.55—-3.65 [m, 2H, CHpyrrolidine)], 3.71(s, 3H, OC}), 3.85 (s, 3H, OCH), 3.90-4.00
[m, 2H, CH, (pyrrolidine)] 5.52(s, 2H, 2-H)

5b 1.70-1.80 [m, 6H, 3Ck{(piperidine)], 3.65—-3.90 [m, 4H, 2CGHpiperidine)], 3.71 (s, 3H, OCH{ 3.85 (s, 3H, OCFJ, 5.50 (s, 2H,
2-H)

5c 3.72 (s, 3H, OCH), 3.80-3.90 [m, 8H, 4CHmorpholine)], 3.85 (s, 3H, OCGH 5.52(s, 2H, 2-H)

5d 1.55(d,J =7, 3H, CH), 1.90—-2.10 [m, 4H, 2CH{pyrrolidine)], 3.50—3.60 [m, 2H, CHpyrrolidine)], 3.69 (s, 3H, OC}), 3.84 (s,
3H, OCH;), 3.85-3.95 [m, 2H, CH(pyrrolidine)], 6.05 (g = 7, 1H, 2-H)

5e 2.16 (s, 3H, CH), 3.50-3.60 [m, 4H, 2CKimorpholine)], 3.80—-3.90 [m, 4H, 2GKimorpholine)], 3.80 (s, 6H, 20GH 4.48 (s, 1H,
CH)

5f 1.95-2.05 [m, 4H, 2CH(pyrrolidine)], 3.65—3.75 [m, 4H, 2CHpyrrolidine)], 3.8l (s, 6H, 20C}}, 4.83 (s, 1H, CH), 7.25-7.45
(m, 5H, aryl)

59 1.60-1.75 [m, 6H, 3CK(piperidine)], 3.60—3.65 [m, 4H, 2GHpiperidine)], 3.80 (s, 6H, 20G} 4.82 (s, 1H, CH), 7.30—7.50 (m,
5H, aryl)

5h 3.60—-3.70 [m, 4H, 2Ck{(morpholine)], 3.80—-3.85 [m, 4H, 2GKimorpholine)], 3.81 (s, 6H, 20GH 4.82 (s, 1H, CH), 7.30—-7.50
(m, 5H, aryl)

5i 1.30 (t,J =7, 6H, 20CHCH,), 1.95-2.05 [m, 4H, 2CHpyrrolidine)], 3.65-3.75 [m, 4H, 2GHpyrrolidine)], 4.265 (q) = 7, 2H,
OCH,CH,), 4.27 (9, =7, 2H, OQ4,CH,),4.78 (s, 1H, CH), 7.25-7.50 (m, 5H, aryl)

5j 1.29 (t,J =7, 6H, 20CHCH,), 1.60-1.75 [m, 6H, 3CHpiperidine)], 3.60—-3.65 [m, 4H, 2GHpiperidine)], 4.25 (¢ = 7, 2H,
OCH,CH,), 4.255 (9J = 7,2H, OCGH,CH,), 4.77 (s, 1H, CH), 7.30—7.50 (m, 5H, aryl)

5k 1.30 (t,J =7, 6H, 20CHCH,), 3.63—-3.67 [m, 4H, 2CH{morpholine)], 3.80-3.84 [m, 4H, 2GKimorpholine)],4.26 (q) = 7, 2H,
OCH,CH,), 4.265 (9J =7, 2H, OCQ4,CH,), 4.78 (s, 1H, CH), 7.31-7.50 (m, 5 H, aryl)

4-Chloro-3-oxo-2-(pyrrolidinocarbonyl)butanenitrig 4,5-Dihydro-4-oxo-2-pyrrolidino-3-furancarbonitrilé

A mixture of 1-(cyanoacetyl)pyrrolidine [9] (4.14 g, 30 mmol), To an ice-cooled and stirred solution®in DME (20 ml)
magnesium chloride (2.85 g, 30 mmol), and\E¢6.06 g,  was added 60% NaH (0.70 g, 18 mmol). Stirring was contin-
60 mmol) in acetonitrile (30 ml) was stirred at 0 °C for 1 h,ued at room temp. until the evolution of gas ceased, and then
and then chloroacetyl chloride (3.39 g, 30 mmol) was addedhe mixture was refluxed for 2 h. After removal of the DME
The resulting mixture was stirred at 0 °C for 1 h and at roonin vacuq H,0O was added to the residue. The mixture was
temp. for 20 h. The solvent was removed, and 5% HCextracted with CHCl,. The extract was washed with,®

(20 ml) was added to the residue. The mixture was extracteghd dried with NsSO, and concentrated. The residue was
with CH,CI,. The extract was washed with satd. NaCl solu-purified by column chromatography on alumina with,CH

tion and dried with Ng5O,, and concentrated. The residue as eluent to givg (1.85 g, 66%). Colorless columns;p.

was chromatographed on silica gel. Elution with,CHyield- 116-117 °C (acetone/petroleum ether). — IR (KBigm1=

ed 6 (3.48 g, 54% crude) as pale yellow oil. The prodiict 2200 (GN),1690(C=0). “H NMR (90MHz): dppm =
was employed for the successive reaction without further put.80—2.20 [m, 4H, 2CH(pyrrolidine)], 3.50—4.00 [m,4H,
rification. 2CH, (pyrrolidine)], 4.59 (s, 2H, 5-H).
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Rhodium(ll) Acetate-Catalyzed Reaction of 2-Amino-4,5-dihydro-3-furancarbonitriles FULL PAPER

CgHgN,O,  Caled.: C60.66 H5.66 N 15.72 [4]
(178.2) Found: C60.66 H5.70 N 15.67. 5]
Reaction of 7 with Dimethyl Malonate [6]

To an ice-cooled and stirred solution7ofl.78 g, 10 mmol)  [7]
and dimethyl malonate (1.28 15mmol) in CH,CI, (20 ml)
TiCl,(3.87 g, 20 mmol) in CCl, (5 ml) and EN (2.02 g, (8
20 mmol) in CHCI, (5ml) were successively added. The mix-
ture was stirred at room temp. overnight, and the® H

(20 ml) was added. The organic layer was separated ancﬂgl
washed with HO, dried with NaSO, and concentrated. The
solvent was evaporated, and the residue was chromatographgd]
on alumina with CHCI, as eluent to afforfia (1.10g, 38%),

which was identical with a sample prepared fedaand DDQ

on the basis of a mixed melting point determination and a
comparison of the IR spectra.
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