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Synthesis of furo[3,2-c |- and pyrano[3,2-c |quinolines by
lanthanide triflate catalyzed imino-Diels-Alder reaction
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Imino Diels-Alder reaction of imines with 2, 3-dihydrofuran or
3,4-dihydro-2 H-pyran proceeded smoothly in the presence of
a catalytic amount (0.5 mol %) of ytterbium triflate to afford
furo[3,2-c ]- and pyrano[3,2-c] quinolines conveniently in
high yield.
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Introduction

Tetrahydroquinoline derivatives are an important
class of natural products and exhibit biological activities
in various fields,! such as psychotropic activity,? antial-
lergenic activity,® anti-inflammatory activity* and es-
tronegic activity.’ In addition, pyrano quinoline deriva-
tives are used as a potential pharmaceuticals.® There-
fore, many synthetic methods for their synthesis have
been developed.’ Of the methods, aza-Diels-Alder reac-
tion between N-arylimines and nucleophilic olefins is
one of the most powerful synthetic tools for constructing
N-containing six-membered heterocyclic compounds.
BF; * OEt, has been mainly used for this purpose since
the pioneering work of Povarov® and transition metal cat-
alysts such as Co,(CO)s, Ni(CO),’ as well as InCLY
have also been found to be effective. The rare earth met-
al triflates are excellent water tolerant and reusable cata-
lysts and have unique properties compared to traditional
Lewis acids in several important carbon-carbon bond
forming reactions, such as aldol condensations, 1 Fridel-
Crafts acylations'? and ring-opening reactions of epox-
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ides.’®> We had reported that glyoxylates react smoothly
with alkenes in the presence of ytterbium triflate’® and
one-pot synthesis of amino phosphonates from aldehydes
using ytierbium triflate as catalyst.' Takaki’ had ever
reported the catalytic reaction of N-arylaldimines with
vinyl ethers, but the amount of catalyst was not screened
in detail and afforded products was in low yield together
with by-product. We improved this reaction and found
that the amount of lanthanide triflate catalyst affects
strongly the yield of products and chemical selectivity.
In the presence of Yb(OTf)3(0.5 mol% ), the reaction
of imines with 2, 3-dihydrofuran or 3, 4-dihydro-2H-
pyran afforded pyrano[3,2-¢ ]- and furo[ 3, 2-c¢ ] quino-
lines in high yield.

Results and discussion

Benzylideneaniline (1a) was treated with 2, 3-di-
hydrofuran (2) in the presence of a catalytic amount Yb-
(OTf)3(0.5 mol% ) in acetonitrile at room temperature .
The reaction proceeded smoothly to afford two isomers
furo[ 3,2-¢ ] quinolines 3a and 4a in a ratio of 35:65 with
an overall yield of 92% (Scheme 1) . The reaction is in-
stantaneous and produce the furo [ 3, 2-¢ ] quinolines
stereoisomers 3a and 4a as mixture of cis and trans iso-
mers as expected. Among the lanthanide triflate
screened, Yb(OTf); exhibited the superior catalytic ac-
tivity, while the yield of the adduct was lower for other
lanthanide triflates (Table 1, Entries 9—10). Various
amounts were used in the model reaction in the acetoni-
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trile, and 0.5 mol% Yb(OTI); was the best yield up to
92% .

Table 1 Effect of metal salts on the reaction of benzylideneaniline
and 2, 3-dihydrofuran

Entry  Catalyst  Amount of catalyst (mol%) Yield (% )*
1 Yb(OTf), none no reaction
2 Yb(OT), 10 52
3 Yb(OT), 5 80
4  Yb(OTY), 1.25 83
5  Yb(OTY), 0.8 90
6 Yb(OTI), 0.5 9”

7 Yb(OTf), 0.3 85
8  Yb(OT), 0.1 81
9 Sc( OTf)3 0.5 62
10 La(OT), 0.5 39
11 Ce(OT), 0.5 27

¢ isolated yield.

Several imines were examined and the results are
listed in Table 2. In all cases, the reaction proceeded
smoothly to give the corresponding furo[ 3, 2-¢ ] quino-
lines. The two stereo isomers 3 and 4 could be separated
by column chromatography .

Furthermore, benzylideneaniline derivatives were
treated with 3, 4-dihydro-2 H-pyran in the presence of a
catalytic amount Yb(OTf);(0.5 mol%) in acetonitrile
at room temperature. The reaction proceeded smoothly to
afford the corresponding pyrano [ 3, 2-¢ ] quinolines in
high yield, too. It shows that Yb(OTY); does effectively
catalyze imino Diels-Alder reaction (Table 3) . Recently
we have reported'® that in the presence of 20 mol% of
GdCl; the imine reacted with dihydropyran or dihydro-
furan to afford the corresponding imino Diels-Alder

Scheme 1

Ph

@

CH3CN, 1.t

YH(OT) (0.5 mol %)

adduct, a pyrano [3,2-c]- or furo [3,2-c] quinolines
in high yields. In comparison with GdCl;, we found the
catalytic activity of Yb(OTf); is higher and it is 40 times
active as GdCl;. Among lanthanide compounds, lan-
thanide triflates were expected to be some of the strongest
Lewis acids because of the electrowithdrawing of the tri-
fluoromethane sulfonyl group. Moreover, the Yb(OTf),
could be easily recovered almost quantitatively from the
aqueous layer after the reaction was completed by simple
evaporation and it could be reused. On the contrary, the
recovering process of GdCl; is complicate.

The structures of compounds 3,4, 7 and 8 were
characterized by IR, 'H NMR, *C NMR, MS and ele-
mental analyses. There are strong NH stretching bands at
3200—3450 cm™ in the IR spectra. The most diagnostic
parameter for structural assignment is the scalar coupling
constant between protons H-4a and H-5( Fig. 1). In
the isomer 7a the coupling constant J(4a,5) =5.6 Hz
is significantly smaller and typical for gauche . This ori-
entation is present in both conformers of the configuration
having cis orientation of the pyranoid ring and phenyl

. group. As expected for this configuration, reciprocal in-

teractions between protons H-4a, H-5 and H-10b were
observed in NOSEY (Fig. 1). In the isomer 8a the J
(4a,5) = 10.8 Hz is relevant and indicative of anti re-
ciprocal orientation of protons H-5 and H-4a. This ori-
entation is only possible when the pyranoid ring and
phenyl group are on opposite sides of the quinoline ring
of 8a. The NOE analysis confirms this structural assign-
ment for 8a: a strong reciprocal interaction is found be-
tween H-4a and H-10b, a weak one between protons H-
4a and H-5, but none between protons H-10b and H-5
and the reciprocal orientation is trans .

o H
+
H NH
H :

3a 4da
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Table 2 Synthesis of furo[ 3,2-¢]quinolines by lanthanide triflate catalyzed imino-Diels-Alder reaction

Ph
Ny o)
Yi(OTY)3(0.5 mol%z
+ " l CH3CN,T.L +
RI RZ :
la—d 2 da—d
Entry Schiff’s Substituent Time Product ratio Overall
base R! R? (min) of 3:4 Yield (%)*°

1 1a H H 10 35:65 92

2 1b H OCH; 25 43.57 84

3 1c ‘CH; H 30 30:70 92

4 id H Cl 30 38:65 94

¢ isolated yield

Table 3 Synthesis of pyrano[ 3,2- ¢ ]quinolines by lanthanide triflate catalyzed imino-Diels-Alder reaction

Ph
Ny
+ YH(OTD)(0.5 mol%) R?
) CH3CN, 1. +
R! R
Sa-e 6
Entry Schiff’ s Substituent Time Product ratio Overall

base R! R? (min) of 7:8 Yield (% )°
1 52 H H 30 52:48 88
2 5b H Cl 45 51:49 87
3 Sc Cl H 60 45:55 75
4 5d H CH; 40 41:59 82
5 Se OCH,3 H 30 30:66 74

¢ isolated yield

The X-ray analysis of compound 7b was achieved in ~ mol%) is an efficient catalyst both in the reaction of
order to confirm their molecular structure as shown in  imines with 2,3-dihydrofuran and 3,4-dihydro-2 H-pyran
Fig. 2. The results clearly illustrate that compound 7b  to afford furo[3,2-c]- and pyrano|[ 3,2-¢ ] quinolines in
is the cis,'® which is in agreement with the '"H NMR  high yield under the mild conditions. Further synthetic
analysis. application of these reactions is in progress.

It can be concluded that ytterbium triflate (0.5
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Fig. 1 Significant NOESY correlation (CDCL) of compounds
7a and 8a.

Fig. 2 X-ray molecular structure of 7b with the atom num-
bering scheme.

Experimental

Melting points were determined on a Kofler hot
stage and are uncorrected. CH3CN was distilled from
CaH, under Ar. 'H NMR and ®*C NMR spectra were

recorded at 300 MHz or 400 MHz in CDCl; using TMS as
internal standard. *C NMR spectral measurements were
performed at 75.4 MHz using CDCl; as an internal stan-
dard. IR spectra were obtained on FTS-185 as neat
films. Mass spectra were determined on Finigan 8230

mass spectrometer. Benzylideneaniline was prepared
from aniline and benzaldehyde.!”

A typical procedure for the reaction of benzylideneaniline
with 2,3-dikydrofuran

Yb(OTf); (3 mg, 0.005 mmol, 0.5 mol%),
benzylideneaniline (181 mg, 1.0 mmol) and 2, 3-dihy-
drofuran (1.1 mL, 1.4 mmol) were mixed in 5 mL of
acetonitrile, the mixture was stirred at room temperature
for 30 min, water was then added and the product was
extracted with EtOAc. The organic layer was dried over
anhydrous Na,SO, and evaporated to give the crude prod-
uct. Analytically pure products 3a and 4a were then ob-
tained (231 mg, overall yield 92% ) by column chro-
matography .

3a  mp 117—118C (Lit.795C). v,,,: 3348
em™. 8y(CDCL): 7.47—7.26(m, 6H), 7.08(td, J
=7.8, 1.5 Hz, 1H), 6.80(td, J=7.8, 1.1 Hz,
1H), 6.59(dd, J=7.8, 1.0 Hz, 1H), 5.26(d, J
=8.0Hz, 1H), 4.69(d, J =3.0 Hz, 1H), 3.77
(m, 3H), 2.75 (m, 1H), 2.19(m, 1H), 1.50(m,
1H). 8:(CDCL): 144.9, 142.2, 130.1, 128.6,
128.3, 127.6, 126.5, 122.7, 119.2, 114.9, 75.9,
66.8, 57.5, 45.8, 24.7. m/z2(%) : 251 (M*,
85), 206(100). Anal. C;;H;NO. Caled: C, 81.28;
H, 6.77; N, 5.58. Found: C, 80.88; H, 6.65; N,
5.29.

4a Viscous oil. vpu: 3327 em!. 8x(CDCL) :
7.46—7.24(m, 6H), 7.12(xd, J=7.7, 1.1 Hz,
1H), 6.79(xd, J=7.8, 0.9 Hz, 1H), 6.62(d, J =
8.0 Hz, 1H), 4.59(d, J= 5.1 Hz, 1H), 4.08(m,
1H), 3.85(m, 3H), 2.45(m, 1H), 2.01(m, 1H),
1.72(m, 1H). 3:(CDCl;): 145.3, 141.7, 131.1,
128.8,128.6,128.2,128.0, 120.0, 118.2, 114.6,
76.1, 65.0, 57.6, 43.3, 28.7. m/z(%): 251
(M*, 68), 206(100). HRMS Caled for Ci;H;; NO:
251.1299; Found: 251.1409.

The following compounds were prepared similarly;
the reaction time and yields were listed in Table 2 and
Table 3.

3b mp 132—133%C. vy, 3300 cm?. 3y
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(CDCL): 7.46—7.25(m, 5H), 6.96(d, J=2.8
Hz, 1H), 6.73(dd, J=8.6, 2.8 Hz, 1H), 6.52(d,
J=8.7 Hz, 1H), 5.23(d, J=8.0 Hz, 1H), 4.64
(d, J= 2.9 Hz, 1H), 3.77(s, 3H), 3.52—3.80
(m, 3H), 2.75(m, 1H), 2.20(m, 1H), 1.52(m,
1H). 5c(CDCL): 153.1, 142.4, 139.0, 128.6,
127.6, 126.5, 123.5, 116.2, 115.8, 113.8, 76.3,
66.9, 57.9, 55.7, 45.9, 24.5. m/z(%): 282(M*
+1, 29), 281(100). Anal. C;gH;yNO,. Caled: C,
76.87; H, 6.76; N, 4.98. Found: C, 76.80; H,
6.77; N, 5.06.

4b  mp 94—96C. vy 3298 cm?. 8y(CD-
Ch): 7.46—7.39(m, SH), 6.99(d, J=2.8 Hz,
1H), 6.80 (dd, J=8.1, 2.8 Hz, 1H), 6.61(d, J
=8.1 Hz, 1H), 4.63(d, J=5.3 Hz, 1H), 4.06
(m, 1H), 3.78(s, 3H), 3.87—3.73(m, 2H), 2.49
(br, 1H), 2.01(m, 1H), 1.70(m, 1H), 1.20(m,
1H). m/z2(%): 282(M* + 1, 3), 220(100). Anal.
CigHioNO,. Caled: C, 76.87; H, 6.76; N, 4.98.
Found: C, 77.02; H, 6.85; N, 5.17.

3c mp 102—103C. vy, 3322 em!. &
(CDCL): 7.51—7.33(m, 5H), 7.25(d, J =6.6
Hz, 1H), 6.99(d, J=6.6 Hz, 1H), 6.77(t, J=
7.5 Hz, 1H), 5.32(d, J=8.0 Hz, 1H), 4.70(d, J
=3.0 Hz, 1H), 3.80—3.66(m, 3H), 2.79(m,
1H), 2.20(m, 1H), 2.14(s, 3H), 1.46(m, 1H).
5c(CDCL): 143.1, 142.5, 129.4, 128.7, 127.9,
127.7, 126.6, 122.2, 121.8, 118.4, 76.2, 66.7,
57.3, 45.6, 24.6, 17.2. m/z(%): 265 (M*,
100) . HRMS. Caled for C;sH;gNO: 265.1457; Found:
265.1467.
4c mp 92—94°C . vy, 3401 em?. 843(CDCL):
7.46—7.26(m, 6H), 6.99(d, J=7.4 Hz, 1H),
6.72 (t, J=7.5 Hz, 1H), 4.55(d, J =4.9 Hz,
1H), 4.02(m, 2H), 3.82(m, 2H), 2.43(m, 1H),
2.08(s, 3H), 1.92(m, 1H), 1.65(m, 1H). 8:(CD-
ClL): 143.4, 142.0, 130.0, 129.1, 128.7, 128.4,
128.2, 121.7, 119.4, 117.8, 76.5, 65.1, 57.8,
43.2, 28.9, 17.2. m/z(%): 265(M*, 73), 220
(100). Anal. C;gHgNO. Caled: C, 81.48; H,
7.16; N, 5.28. Found: C, 81.63; H, 7.28; N,
5.43.

3d mp 153—155C. vpu: 3342 cm!. &y
(CDCL): 7.42—7.21(m, 6H), 6.98(dd, J =8.50,
3.4 Hz, 1H), 6.48(d, J=8.5 Hz, 1H), 5.16(d, J
=7.8 Hz, 1H), 4.63(d, J= 2.9 Hz, 1H), 3.80—

3.64(m, 3H), 2.72(m, 1H), 2.14(m,1H), 1.50
(m,1H). 8:;(CDCl;): 143.4, 141.9, 129.8,128.8,
128.4, 127.9, 126.6, 124.2, 123.8, 116.2, 75.7,
67.0, 57.4, 45.5, 24.6. m/z(%): 285(M*,
100). Anal. Cj;H;4CINO. Caled: C, 71.48; H,
5.60; N, 4.90. Found: C, 71.34; H, 5.58; N,
5.13.

4d mp 99—101°C. v, : 3343 em™. 8y(CD-
Cly): 7.39—7.28(m, 6H), 7.05(dd, J=8.5, 2.4
Hz, 1H), 6.51(d, J=8.5 Hz, 1H), 4.50(d, J =
5.1 Hz, 1H), 3.89—4.25(m, 2H), 3.78(m, 2H),
2.43(m, 1H), 1.98(m, 1H), 1.68(m, 1H). §:
(CDCL): 144.0, 141.3, 130.8, 128.9, 128.8,
128.3, 128.2, 122.9, 121.6, 115.9, 75.7, 65.3,
57.8, 43.3, 28.8. m/z(%): 285(M*, 100).
Anal. C;HgCINO. Caled: C, 71.48; H, 5.60; N,
4.90. Found: C, 71.39; H, 5.63; N, 5.07.

7a mp 130—132°C, (Lit.7128.8—131C).
Vaax: 3313 em? . 35(CDCl;): 7.43—7.25(m, 6H),
7.03(tt, J=7.6, 0.7 Hz, 1H), 6.77(d, J=17.6,
1.0 Hz, 1H), 6.58(dd, J=7.8, 0.9 Hz, 1H),
5.31 (d, J=5.6 He, 1H), 4.68(d, J=2.6 Hz,
1H), 3.58—3.85(m, 3H), 2.15(m, 1H), 1.50—
1.25(m, 4H). 5:(CDCL): 145.2, 141.2, 128.4,
128.1, 127.7, 127.6, 126.9,120.0,118.4,114.5,
72.8, 60.7, 59.4, 39.0, 25.5, 18.1. m/z(%):
265(M*, 41), 206(100). Anal. CzH;sNO. Caled:
C, 81.52; H, 7.16; N, 5.28. Found: C, 81.28; H,
7.23; N, 5.32.

8a Viscous oil. vy : 3373 em™ . 83 (CDCL) :
7.42—7.36(m, 5H), 7.25(dd, J=7.1, 0.5 Hz,
1H), 7.07(«d, J=7.0, 1.3 Hz, 1H), 6.70(«d, J
=7.0, 1.1 Hz, 1H), 6.51(dd, J=7.1, 1.0 Hz,
1H), 4.72(d, J=10.8 Hz, 1H), 4.39(d, J=2.7
Hz, 1H), 4.08(m, 2H), 3.71(«d, J=11.6, 2.5
Hz, 1H), 2.11(m, 1H), 1.83(m, 1H), 1.66(m,
1H), 1.48(m, 1H), 1.25(m, 1H). 3.(CDCL):
144.7, 142.3, 130.9, 129.3, 128.6, 127.9,
127.8, 120.7, 117.4, 114.2, 74.5, 68.5, 54.9,
38.9,24.1, 22.1. m/z(%): 265(M*, 42), 206
(100) . HRMS Calcd for C,gH;oNO: 265.1471; Found:
265.1431.

7b mp 154—156°C. vo.: 3306 cm’. 8y
(CDCL): 7.39—7.29(m, 6H), 7.12(d, J=7.6
Hz, 1H), 6.65(t, J=7.6 Hz, 1H), 5.29(d, J=
5.4 Hz, 1H), 4.68(d, J=2.3 Hz, 1H), 4.41(br,
s, 1H), 3.55(m, 1H), 3.33(m, 1H), 2.12(m,



382 Imino Diels-Alder

MA et al.

1H), 1.50—1.41(m, 2H), 1.20(m, 2H ). m/z
(%): 299(M*, 46), 240(100) . Anal. C;gH;3CINO.
Caled: C, 72.15; H, 6.01; N, 4.67. Found: C,
72.35; H, 6.00; N, 4.85.

8b mp 109—101°C. vy, 3384 cm!. 8y
(CDCL): 7.39—7.27(m, 5H), 7.15(m, 2H), 6.64
(t, J=7.7 Hz, 1H), 4.66(d, J=10.7 Hz, 1H),
4.58(br, s, 1H), 4.34(d, J=2.7 Hz, 1H), 4.04
(dt, J=10.0, 2.1 Hz, 1H), 3.66(1d, J=10.8,
2.6 Hz, 1H), 2.01(m, 1H), 1.85(m, 1H), 1.63
(m, 1H), 1.48(m, 1H), 1.30(m, 1H). 8.(CD-
Cl): 141.9, 141.0, 129.7, 129.3, 129.2, 128.8,
128.1, 127.8, 121.9, 118.1, 117.0, 74.4 68.6,
54.9, 38.8, 24.0, 22.1. m/z(%): 301(M*+ 2,
14), 299(M*, 38), 240(100). Anal. C;gH;sCINO.
Caled: C, 72.15; H, 6.01; N, 4.67. Found: C,
72.10; H, 5.99; N, 4.85.

7c mp 170—172°C. vu: 3370 em™. 8y
(CDCL): 7.39—7.32(m, 6H), 7.01(dd, J=8.2,
0.7 Hz, 1H), 6.50(d, J=8.0 Hz, 1H), 5.25(d, J
=5.5Hz, 1H), 4.60(d, J=2.5 Hz, 1H), 3.85
(br, 1H), 3.60(m, 1H), 3.41(m, 1H), 2.13(m,
1H), 1.51(m, 3H), 1.25(m, 1H). 8;(CDCL):
143.7, 140.7, 128.5, 128.1,127.7,127.3,126.8,
123.1,121.7,115.6,72.5,60.8, 59.3, 38.6, 25.3,
18.1. m/z(%): 301(M*+ 2, 33), 299(M*,99),
240(100). Anal. C;gH;sCINO. Caled: C,72.15; H,
6.01; N,4.67. Found: C,72.02; H,6.01; N,4.78.

8c mp 125—126°C. vo.,: 3298 cm'. &y
(CDCL): 7.39—7.30(m, SH), 7.19(d, J=2.3
Hz, 1H), 7.01(dd, J= 8.0, 1.9 Hz, 1H), 6.41
(d, J=8.1Hz, 1H), 4.63(d, J=10.6 Hz, 1H),
4.30(d, J=2.8 Hz, 1H), 4.02(m, 2H), 3.66(d,
J=15.0, 3.0 Hz, 1H), 2.01(m, 1H), 1.75(m,
1H), 1.62(m, 1H), 1.45(m, 1H), 1.27(m, 1H).
dc( CDCLy): 143.3, 142.0, 130.4, 129.2, 128.7,
128.0, 127.7, 121.9, 121.8, 115.3, 74.0, 68.5,
55.0, 38.7, 24.0, 22.1. m/z(%) : 301(M* +2,
19), 299(M*, 58), 240(100). Anal. C;gH;sCINO.
Caled: C, 72.15; H, 6.01; N, 4.67. Found: C,
72.12; H, 6.02; N, 4.81.

7d mp 143—144°C. vy, 3338 cem!. 3y
(CDCly): 7.48—7.32(m, 6H), 7.03(dd, J=7.5,
0.6 Hz, 1H), 6.75(t, J=7.5 Hz, 1H), 5.37(d, J
=5.5Hz, 1H), 4.71(d, J=2.4 Hz, 1H), 3.85—
3.34(m, 3H), 2.15(s, 4H), 1.32—1.29(m, 4H).
dc(CDCL): 143.3, 141.5, 129.2, 128.5, 127.6,

126.9, 125.5, 121.6, 119.5, 117.8, 73.0, 60.7,
59.3, 38.8, 25.5, 18.1, 17.5. m/z(%): 279
(M*, 62), 220(100). Anal. C,H, NO. Caled: C,
81.73; H, 7.52; N, 5.01. Found: C, 81.33; H,
7.63; N5.02.

8d mp 130—132C. vy 3389 cm?. 3y
(CDCLy): 7.48—7.44(m, 2H), 7.42—7.39 (m,
2H), 7.33—7.31(m, 1H), 7.12(dd, J=7.5, 1.2
Hz, 1H), 7.03(dd, J=7.5, 0.6 Hz, 1H), 6.66(t,
J=7.5Hz, 1H), 4.77(d, J=9.9 Hz, 1H), 4.40
(d, J=2.7 Hz, 1H), 4.11(dt, J=12.3, 2.3 Hz,
1H), 3.90(br, 1H), 3.73(td, J=11.7, 2.5 Hz,
1H), 2.11(m, 1H), 2.07(s, 3H), 1.87(m, 1H),
1.69(m, 1H), 1.49(m, 1H), 1.32(m, 1H). &
(CDCL): 142.8, 142.7, 130.3, 128.9, 128.7,
128.0, 127.9, 121.2, 120.2, 117.0, 74.9, 68.7,
55.0, 38.9, 24.2, 22.1, 17.3. m/z(%): 219
(M*, 40), 220(100). Anal. CioHy NO. Caled: C,
81.73; H, 7.52; N, 5.01. Found: C, 81.70; H,
7.65; N, 5.13.

7e mp 144—146°C (Lit.” 144—146°C).
Vmax: 3401 e, 83(CDCly) : 7.44—7.26(m, SH),
7.02(d, J=2.8 Hz, 1H), 6.75(dd, J=8.7, 2.8
Hz, 1H), 6.60(d, J= 8.7 Hz, 1H), 5.30(d, J =
5.3 Hz, 1H), 4.60(d, J=1.9 Hz, 1H), 3.75(s,
3H), 3.55(m, 1H), 3.33(m, 1H), 3.85—3.12
(br, 1H), 2.08(m, 1H),1.48—1.24(m, 4H).m/z
(%) : 295(M*, 100). Anal. C;gHyNO,. Caled: C,
77.30; H, 7.11; N, 4.74. Found: C, 77.12; H,
7.25; N4.95.

8e mp 98—100°C . vy 3373 em?. §z(CD-
Ch): 7.37—7.27(m, SH), 6.79(d, J=2.8 Hz,
1H), 6.65(dd, J=8.4, 2.8 Hz, 1H), 6.45(d, J
=8.4 Hz, 1H), 4.60(d, J=10.4 Hz, 1H), 4.31
(d, J=2.8 Hz, 1H), 4.04(m, 1H), 3.70(s, 3H),
3.64(m, 1H), 2.05(m, 1H), 1.75(m, 1H), 1.61
(m, 1H), 1.43(m, 1H), 1.25(m, 1H). 8:(CD-
ChL): 152.0, 142.4, 139.0, 128.6, 127.8, 121.4,
116.9,115.5,114.9,74.6,68.5,55.9,55.3,39.0,
24.2,22.1. m/z(%): 295(M*, 100). Anal. Cyo-
H, NO,. Caled: C, 77.30; H, 7.11; N, 4.74.
Found: C, 77.48; H, 7.23; N, 4.92.

References

1. a) Johnson, J. V.; Rauckman, S.; Baccanari, P.D.;
Roth, B., J. Med. Chem., 32, 1942(1989).



Vol. 18 No. 3 2000

Chinese Journal of Chemistry

383

b) Carling, R.W.; Leeson, P.D.; Moseley, A.M.; Bak-
er, R.; Forster, A. C.; Grimwood, S.; Kemp, J. A.;
Marshall, G.R., J. Med. Chem., 35, 1942(1992).

c) Leeson, P.D.; Carling, R.W.; Moore, K.W. ; Mose-
ley, A.M.; Smith, J. D.; Stevenson, G.; Chan, T.;
Baker, R.; Foster, A.C.; Grimwood, S. Kemp, J.A.;
Marshall, G.R.; Hoogsteen, K., J. Med. Chem., 35,
1954(1992) .

d) Caarling, R. W.; Leeson, P.D.; Marshall, G.R .;
Moseley, A.M.; Smith, J.D.; Saywell, K.; Trickelbank,
M.D.; Kemp, J.A.; Marshall, G.R.; Forster, A.C.;
Grimwood, S., Bioorg. Med. Chem. Lett., 3, 56
(1993).

e) Ramesh, M.; Mohan, P. S.; Shanmugam.P., Tetra-
hedron, 40, 4041(1984) .

Nesterova, I. N.; Alekseeva, L. M.; Golovira, S. M.;
Granik, V.G., Khim.-Farm. Zh. (Russ), 29, 31(1995)
[ Chem. Abstr., 124, 117128(1996) ] .

Yamada, N.; Kadowaki, S.; Takahashi, K.; Umez, K.,
Biochem.. Pharmacal, 44, 1211(1992) .

Faber, K.; Stueckler, H.; Kappe, T., Heterocycl.
Chem., 21, 1177(1984).

Akhmed Khodzhaeva, K. S.; Bessonova, 1. A., Dokl.
Akad. Nauk Uzh. SSR (Russ), 34(1982) [ Chem. Ab-
str., 98, 83727q(1983) 1.

Mohamed, E.A., Chem. Pap., 48, 261(1994)[ Chem.
Abstr. , 123, 9315x(1995)].

a) Weinreb, S.M., in “ Comprehesive Organic Synthesis” ,
Vol. 5, Ed. Trost, B.M.; Fleming, I., Pergamon: Ox-
ford, 1991, p.401.

b) Boger, D. L.; Weireb, S. M., Hetero Diels-Alder
Methodology in Organic Synthesis, Chaps. 2 and 9, Academ-
ic: San Diego, 1987.

¢) Nomura, Y.; Kimura, M.; Takeuchi, Y.; Tomoda,
S., Chem. Lett., 267(1978).

d) Boger, D. L., Temrahedron, 39, 2869(1983) .

e) Kametani, T.; Takeda, H.; Sumki, Y.; Honda, T.,
Heterocycles , 22, 275(1984) .

f) Kametani, T.; Takeda, H.; Suzuki, Y.; Kasai, H.;
Honda, T., Heterocycles, 24, 3385(1986).

g) Koichi, N.; Takanori, S., Heterocycles, 35, 1039
(1993).

h) Lucchini, V.; Prato, M.; Scrrano, G.; Tecilla, P.,
J. Org. Chem., 53, 2251(1988).

i) Lucchini, V.; Prato, M.; Scrrano, G.; Stivanello,
M.; Valle, G., J. Chem. Soc., Perkin Trans. 2, 259
(1992).

j) Makioka, Y.; Shindo, T.; Taniguchi, Y.; Takaki,
K.; Fujiwara, Y., Synthesis, 801(1995).

10.

11.

12.

13.

14.

15.

16.

17.

18.

k) Borrione, E.; Lucchini, V.; Prato, M.; Scorrano,
G.; Stivanello, M., J. Heterocycl. Chem., 25, 1831
(1988).
1) Borrione, E.; Prato, M.; Scorrano, G.; Stivanello,
M.; Lucchini, V.; Valle, G., J. Chem. Soc., Perkin
Trans. 1, 2245(1989).
Povarov, L.S., Russ. Chem. Rev., 36, 656(1967).
Jon, T.; Haghara, N., Nippon Kagaku Zashi, 91, 378
(1970)[ Chem. Abstr., 73, 45294(1970)].

Bau, G; Perumal, P.T., Tetrahedron Lett., 39, 3225
(1998).

Kobayashi, S.; Hachiya, I.; Takahori, T., Synthesis ,
371(1993).

a) Kawada, A.; Mitamura, S.; Kobayashi, S., J.

Chem. Soc., Chem. Commun., 1157(1993).

b) Kobayashi, S.; Moriwaki, M.; Hachiya, 1., J.

Chem. Soc., Chem. Commun., 1527(1995).

a) Crotti, P.; Di Bussolo, V.; Favero, L.; Macchia,
F.; Pineschi, M., Tetrahedron Lett., 35, 6537(1994) .
b) Chini, M.; Crotii, P.; Favero, L.; Macchia, F.;
Pineschi, M., Tetrahedron Lett., 35, 433(1994) .

Qian, C.; Huang, T., Tetrahedron Lett., 38, 6721

(1997).

Qian, C.; Huang, T., J. Org. Chem., 63, 4125

(1998) .

Colorless prismatic crystal of 7b with dimensions 0.2 x 0.2
% 0.3 mm was mounted on a Rigaku AFC7R diffractometer.
2787 reflections measured, maximum 20 value 49.9°, 2097
unique reflections measured (Rint = 0.037), 1645 of these
with 7> 3.000 (I) used in refinement. The data were cor-
rected for horizon and polarization effects. The structure was
solved by direct methods using SHELXS-86 of expanded us-
ing Fourier technique. The non-hydrogen atoms were refined
anisotropically, hydrogen atoms were included but not re-
fined. The final cycle of full-matrix least squares refinement
was based on 1464 observed reflections of 199 variable pa-
rameters. Al calculations were performed using the
TEXSAN crystallographic software package of Molecular
Structure Corporation. Crystal data CjgH;sCINO, Mr=
299.80, mp 154—156°C, triclinic, space group P1 ( #
2), a=0.9992(2), b=1.1009(2), ¢ =0.9486(2) nm.
a= 99.01 (2)°, B=112.29 (1)°, y=114.27 (1)°, V
=0.7492(3) om®. Z=2, D, =1.329 g+ em?, p
(MoK,) =2.53 em™, F(000) =316.00, R =0.034, R,
=0.043.

Katagiri, N.; Miura, Y.; Niwa, R.; Xato, T., Chem.
Pharm. Bull., 31, 538(1983).

Ma, Y.; Qian, C.; Xie, M.; Sun, J., J. Org.

Chem. , 64, 6462(1999) .

(E9906080 ZHOU, X.M.; LING, J.)



