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Abstract: Anhydrous indium trichloride (InCly) is found to catalyze the imino Diels-
Alder reactions of Schiff’s bases with cyclopentadiene, cyclohexen-2-one and
cyclohepten-2-one which resulted in facile synthesis of cyclopentaquinolines,
azabicyclooctanones and previously unreported series of azabicyclononanones.

© 1998 Elsevier Science Ltd. All rights reserved.

Imino Diels-Alder reaction is one of the powerful synthetic methods for the construction of
nitrogen heterocycles.” Imines derived from aromatic amines act as imino-dienophiles’® as well as
heterodienes* and also undergo intramolecular Diels-Alder reactions.” Lewis acids such as BF; Et,0, TFA
have been found to catalyze the Diels-Alder reactions of keto-imines® and Schiff's bases. * Although
Lewis acids promote the reactions, more than stoichiometric amount of the acids are required owing to the
strong coordination of the acids to nitrogen atom’ Lanthanide triflates have been found to activate

imines’ and promote Diels-Alder reactions
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condensation of silyl enol ethers.”> Recently Indium trichloride has been found to catalyze Mukaiyama
aldol reactions'* and Diels-Alder reactions'’ in water owing to its high coordination number and a fast
coordination - dissociation equilibrium in aqueous solutions. This behaviour of high coordination and fast
coordination dissociation tendency of indium trichloride prompted us to investigate its catalytic activity for
imino Diels-Alder reactions of Schiff’s bases. In this paper we describe the convergent synthesis of
cyclopentaquinolines, azabicyclooctanones and azabicyclononanones by imino Diels-Alder reactions of
Schiff’s bases with cyclopentadiene, cyclohexen-2-one and cyclohepten-2-one.

Results and Discussion

lished procedure

In the presence of 20 mol % indium trichloride (InCls), N-benzilidene aniline (1a) was treated with
cyclopentadiene in acetonitrile at room temperature. The imine acted as a heterodiene and the reaction

t
proceeded smoothiy to afford the corresponding tetrahydroquinoiine derivative in 75% yield in 30 min.

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4020(97)10370-2



1628 G. Babu, P. T. Perumal / Tetrahedron 54 (1998) 1627-1638

(Scheme 1). Similar results were obtained with a number of other Schiff’s bases and the results are

summarized in Table 1.
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Table 1. Reaction of Schiffs bases with cyclopentadiene employing 20 mol %, InCl;".
Entry | Schiffs | Product Substituents Time Yield Mp. °C
base R! R? R’ | (min) | (%)
1 1a 2a H H H 30 75 120 - 121
2 ib 2b NG, H H 30 95 172-173
3 le 2c OCH; H H 45 58 -
4 id 2d Cl H H 30 84 149 - 150
5 le 2e Cl CH, H 30 90 -
6 1f 2f H COOH | H 45 78 205 - 206
7 ig 2g H C,H; H 45 82 -
8 1h 2h H NO H 30 75 -
9 li 2i H H CHs 45 65 64 - 65
10 1j 2j H H Cl 30 77 141 - 142
i1 ik Zk Ci H Ci 30 80 171 - 172
a: All reactions were conducted at room temperature by addition of 20mol % InCl; 16 & mixture of Schiff’s

base and cyclopentadiene in acetonitrile. b : Isolatcd yicld.

Although, Schiff’s bases act as heterodienes in the presence of Lewis acids with cyclopentadiene,
1,3-cyclohexadiene, 1,3,5-cycloheptatriene and other dienophiles, the reaction of Schiff's bases as
heterodienes with cycloalkenones are unprecedented.

2-cycloalkenones are dienophiles of low reactivity. The coordination of the carbonyl function with
Lewis acids increases the reactivity of dienophiles and enhances the yield. The catalysts generally used are
AICl, AlBr3, BF;. Et,0, ZnCly, SnCl, and EtAICl,. Lanthanide shift reagents are also used in the presence

of highly reactive or acid sensitive dienes.'” Diels-Alder reactions of cycloalkenones with 1,3-dienes

. - 18
provide an easy entry into the basic skelata of sesquiterpenes, diterpenes, steroids and alkaloids.™ We
Licin mamnible, snmastad ¢hhm Thial Ald + € H
have recently reported the Diels-Alder reaction of cycloalken-2-ones with cyclopentadiene catalyzed by

In continuation of our investigation of activation of imines by indium trichloride, we studied the
reaction of cyclohexen-z-one20 with N-benzylidene aniline (1a) in acetonitrile using 20 mol % indium
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trichloride (Scheme 2). Since imine acted as a heterodiene in the Diels-Alder reaction of Shiff’s base with
R PR L Asaged the farmatiom of mbiaca bt L e ot g e ET o b
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anticipated producis were not obtained. A closer examination of the speciral data revealed the formation
of azabicyclo[2.2.2]octanones 6a and 7a in a ratio of 69 : 31 amounting to an yield of 65%.
Scheme 2
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The proposed structure was further ascertained by x-ray analysis” of the the exo product 6d
formed by the treatment of N-benzylidene p-chloroaniline (1d) with cyclohexene-2-one. The reaction
seems to proceed through the formation of dienolate ion by strong coordination of indium trichloride with
enone. Such activation of enone to behave as diene by coordination with Lewis acid is unprecedented.
Thus cyclohexadienolate ion acts as the diene and Schiff’s base acts as the dienophile in the hetero Diels-

Alder reaction with Schiff’s bases. The formation of azabicyclooctanones may also be accounted by

LY YT x H 1

Mukiyama aldol reaction of diene, geﬂerated in situ from cyclohexene-2-one with Schiff’s base followed
T, 1 22 - . 1 el [IG s o T T 1

by cyclization under Michael conditions.” Si
results are summarized in Table 2.

Table 2. Diels-Alder reactions of Schiff’s bases with cyclohexen-2-one employing 20 mol % InCls.*

Entry | Schiffs base R Ar product ratio® | Overall yield
of 6:7 %o
1 1a H CeHs 69 : 31 65
2 1b NO, CeH;s 67 : 33 70
3 1c OCH; CeHs 68 : 32 60
4 1d Cl CeH 73 :27 68
5 1j H p-Cl-C¢H, 48 :52 65
6 1k Cl p-Cl-C¢H3 47 .53 74
7 1m CH; CsHs 7327 62
a All reactions were conducted at room temperature by the addition of 20 mol % InCl,

to a mixture of Schiff’s bases and cyclohexen-2-one in acetonitrile and stirred for 24 h.
b : The ratio based on isolation by chromatography.
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Further, we examined the reactivity of cyclohepten-2-one with Schiff’s bases catalyzed by indium
Lt d e Tho aoala g A 020 oo sianead il A bhano o lidana anilina £1a) in tha nracanaa
trichloride. Thus, uyuuucpic 1-2-one” was treated with N-benzylidene aniline {1a} in the presence of 20

mol % indium trichloride in acetonitrile and stirred at room temperature (Scheme 3). After 24 h we have
obtained azabicyclononanones 9a and 10a in a ratio of 52 : 48 in an overali yield of 56%. Therefore
cycloheptene-2-one exhibited analogous behaviour to that of cyclohexene-2-one and acted as a diene by
coordination with indium trichloride. Similar results were obtained with other Schiff’s bases and the

results are summarized in Table 3.
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Table 3. Diels-Alder reaction of Schiff’s bases with cyclohepten-2-one employing 20 mol % InCls.

Entry Schiff’s R Ar product ratio® Time, h Overall yield
base of 9:10 Yo
1 la H CeHs 52:48 24 56
2 le OCH; CeHs 65 : 35 26 48
3 1d Cl CsHs 39:61 20 78
4 1k cl | p-clceH, 42: 58 21 68
5 1m CH; CeHs 48 .52 22 52

a: The ratio based on isolation by chromatography.
In conclusion, the present investigation clearly indicates that indium trichloride exhibits dual

behaviour in activating the substrates in hetero Diels-Alder reaction with Schiff’s bases. When Schiff's
bases are treated with cyclopentadiene, indium trichloride activates the Schiff's base to behave as

heterodiene. On the contrary, when Schiff’s bases are treated with cycloa]kenones indium trichloride
coordinates with cycloalkenones and activates the enone to behave as the diene which provides an
unprecedented synthetic route to azabicyciooctanones and azabicyciononanones.
Experimental

General: Melting points were recorded on a Mettler FP 62 instrument and are uncorrected. IR spectra
were recorded on a Nicolet Impact 400 FT-IR spectrophotometer and are reported in wave number (cm™).
Proton nuclear magnetic resonance (‘'H NMR) spectra were recorded on a Bruker (300 MHz)
spectrometer and carbon nuclear magnetic resonance (*C NMR) were recorded on a Bruker (75 MHz)
spectrometer Mass spectra were recorded on Varian VG 70-70 H mass spectrometer. Acetronitrile was
ium hydride and dried over MS 4 A,

SuiiilAe 230 L] L1 lte 42 pae

5 mmol)
inacetonitrile (10 ml) protected by a guard tube was added mdnum trichloride (0.110 g, 20 mol %)
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and tirrad at ranm tamnaratnra for W48 min Ta tha raastinn mivinra asnaniie andinim ~nrlhamnta
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S0unton (iv imij) was aaaea al'l(l extracted Wl[n ino TOTIT (O x 10 ml) e COl’nDll’leCl Ol'gamc layer

was washed with water (10 ml) and brine (10 ml), dried over anhydrous Na,S0,, then concentrated
under reduced pressure. The residue was purified by column chromatography using silica gel (60-120
mesh) and eluted with petroleum ether : ethyl acetate (95:5) to afford the quinolines 2a-k.
4-Phenyl-32a,4,5,9b-tetrahydro-3H-cyclopenta[c]quinoline” (2a). _

0.339 g (75%) of colourless crystalline solid; Mp. 120-121 °C (lit. Mp. 120 °C); IR (KBr) : 3353, 1478
cm™; '"H NMR(300 MHz,CDCl3) § 7.39 (m,5H), 7.06 (m, 2H), 6.78 (m, 1H), 6.64 (d, 1H, J = 7.9 Hz),
5.71 (m, 2H), 4.67 (d, 1H, J = 2.9 Hz), 4.15 (d, 1H, J = 8.6 Hz), 3.78 (br s, 1H), 3.05 (m, 1H), 2.71 (m,
1H), 1.85 (m, 1H); °C NMR (75 MHz, CDCl;) § 145.6, 142.8, 134.0, 130.3, 129.0, 128.4, 127.2, 126.4,

194 2 174N 1101 118 Q0 QN AL A ALN 21 &0 NAQ wanf= + DA IAANN. A nnl

14V.0, 14V.V, 117.1, 110.7, JO.V, FU.9, FU.V, 01.7, VIO VL , &/ \lVl } Adldl, \/dlbu IUI \/18“]71“ \4,
O~ 41 TT Ay s 200 N £ £ A ,“Ji ral o 00, TT el T V-]

87.41; H, 6.93; N, 5.66. Found: C, 86.88; H, 6.95; N, 5.68.

8-Nitro-4-phenyl-3a,4,5,9b-tetrahydro-3H-cyclopentajcjquinoline(2b)

0.693 g (95%) of yellow solid; Mp. 172-173 °C; IR (KBr) : 3364, 1495 cm™; 'H NMR (300 MHz, CDCl;)
8 7.87 (m, 2H), 7.37 (m, 5H), 6.55 (d, 1H, J = 8.8 Hz), 5.90 (m, 1H), 5.68 (m, 1H), 4.75 (d, 1H, J = 3.0
Hz), 4.56 (d, 1H, J = 8.6 Hz), 4.09 (m, 1H), 3.05 (m, 1H), 2.63 (m, 1H), 1.83 (m, 1H); *C NMR (75
MHz, CDCL) & 151.5, 141.1, 139.8, 133.2, 131.0, 128.7, 127.8, 126.2, 125.6, 123.1, 114.7, 57.2, 45.5,
45.3,31.4; MS m/z : 292 (M"); Anal. Calcd. for C;sH;sN,O»: C, 73.96; H, 5.52; N, 9.58. Found: C, 73.68;
H, 548; N, 9.54.

8-Methoxy-4-phenyl-3a,4,5,9b-tetrahydro-3H-cyclopenta[c]quinoline’ (2c)

N ANT ~ F€O0/\ Al e 1 i1 TD MTns) TA0 TN s 1 llY AMAD /NN RALT. MM Y S 727 (. CITN
V.4Vl g (2070) Ul viuwll i 1u1u, N UINCAL) - 2097, 10oUL UHL , I INIVEIN \DVVU UIVITLZ, LIJUI3) O 7.0 7 (111, D11,
6.63 (m, 3H), 5.85 (m, iH), 5.71 (m, iH), 456 (d, iH, J = 2.9 Hz), 4.08 (d, 1H, J = 8.8 Hz), 3.76 (s,

3H), 2.91 (m, 1H), 2.71 (m, 1H), 1.82 (m, 1H); *C NMR (75 MHz, CDCls) § 153.0, 142.9, 139.4, 133.7,
130.6, 128.4, 127.1, 126.6, 116.7, 114.0, 112.3, 58.5, 55.6, 45.8, 45.7, 31.4, MS m/z : 277 (M), Anal.
Calcd. for C1cH1oNO : C, 82.28; H, 6.96; N, 5.05. Found: C, 81.87; H, 6.95; N, 5.07.
8—Chloro-4-phenyl-3a,4,5,9b-tetrahydr0-311(-cyclopenta[c]quinoline7b (2d)

(M" + 2); Anal. Caicd. for CsHsCIN: C, 76.72; H, 5.72; N, 4.97. Found: C, 76.40; H,
8-Chloro—6-methyl-4—phenyl-3a,4,5,9b-tetrahydro-3H-cyclopenta[c]qumolme(Ze)

0.663 g (90%) of brown liquid ; TR (Neat) : 3395, 1484 cm™; 'H NMR (300 MHz, CDCl;) § 7.41 (m,
5H), 6.94 (m, 2H), 5.84 (m, 1H), 5.70 (m, 1H), 4.64 (d, 1H,J =2.5Hz), 4.11(d, 1H, J = 8.6 Hz), 3.77
(br s, 1H), 2.98 (m, 1H), 2.68 (m, 1H), 2.15 (s, 3H), 1.82 (m, 1H); "C NMR (75 MHz, CDCl;) &
142.7, 142.3, 133.8, 130.8, 128.6, 128.5, 127.4, 127.2, 126.9, 126.5, 126.3, 124.4, 122.7, 57.9, 46.5,
45.7,31.4, 17.1; MS m/z : 295 (M"), 297 (M’ + 2); Anal. Calcd. for C,oHyzCIN: C, 77.15; H, 6.13; N,
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MHz CDCINS 780(d TH J=80H2zY 738 (m SHY 664 (m 2H)Y S81 {m 1TH)Y §65(m 1H) 475§
AVEA Rduy NASNIEZJ U T LUV (W, 1iky U V.V ARl §.OV Nk, CRE), VU \REy LXkf, Y.V B0, 1A1), J.UJ Uik, 1X1jf, W72
£41 1LY T — " 7TLI.Y A AOQ 7o 11LIY A 172 71 1LY ] O ALT..N\ 2T AN /. 1IN N £O £ . 1T\ 1 ON (. 11T l3ﬂ
(Q, I, J = 2.7 11Z), 440 (8, 101), 4.15 (0, 111, J = 0.4 nzj, 5.Vz {m, in), 2.50 {m, 1), 1.8z (m, inj;, C
NMR (75 MHz, CDCl;) & 173.3, 150.2, 142.1, 135.5, 134.9, 130.6, 130.0, 128.6, 128.2, 127.1, 127.0,

126.8, 126.1, 116.2, 111.8, 56.4, 45.8, 453, 31.7, MS m/z : 291 (M"); Anal. Calcd. for C;0H;7;NO,: C,
78.33; H, 5.88; N, 4.81. Found: C, 77.99; H, 5.86; N, 4.82.
6-Ethyl-4-phenyl-3a,4,5,9b-tetrahydro-3H-cyclopentafclquinoline(2g)

0.563 g (82%) of brown liquid ; TR (Neat) : 3382, 1487 cm™; 'H NMR (300 MHz, CDCly)

), 472 (d, 1H, J =29 Hz), 423 (d

6H), 7.02 (m, 1H), 6.82 (m, 1H), 5.93 (m, 1H), 5.73 (m, 1H), 4.72 (d 291 1 =
Vi =54 il A} I =54 vl A k] 3 My *3 =) 3 s v
QAT 2 Q77 THY 2 172 (e H 272 (m 1HY 2 &7 fa I 1 {fon 1T 1724 7+ 20 B anuam r7¢
o.7r IIL” J.07/ \D’ ll.l}’ J.12 \lll, ll.].], e 1O \lll, lll}, . \Ll, Llll, \ lll}x 1.0% \l, Jll}, L SRS FLSUAN \IJ
MHz, CDCl;) & 143.5, 134.4, 130.2, 128.5, 128.4, 127.2, 126.8, 126.5, 125.4, 125.3, 118.5, 57.9, 46.6

459, 31.4,23.8,12.9, MS m/z : 275 (M"); Anal. Calcd. for C;oHN: C, 87.23; H, 7.69; N, 5.09. Found
C,87.48;H, 7.71; N, 5.07.
6-Nitro-4-phenyl-3a,4,5,9b-tetrahydro-3H-cyclopenta[c]quinoline(2h)

0.547 g (75%) of yellow liquid ; IR (Neat) : 3362, 1492 cm™; 'H NMR (300 MHz, CDCl3) & 7.91
1H), 7.25 (m, 6H), 6.65 (m, 1H), 5.82 (m, 1H), 5.66 (m, 1H), 4.80 (d, 1H, J = 3.3 Hz), 4.18 (d, 1H,

.................... S.2 1iLg, 1=

8.5 Hz), 3.07 (m, 1H), 2.52 (m, 1H), 1.82 (m, 1H); “C NMR (75 MHz, CDCI:)B 144.1, 140.9, 135.4,
(M");

1 (m,
J =

i33.7, 130.9, 129.6, 128.9, 128.8, 127.6, 126.0, i124.1, 116.3, 56.3, 45.7, 44.8, 31.7, MS m/z : 292 (M
Anal. Calcd. for C;sH¢N;O, : C, 73.96; H, 5.52; N, 9.58. Found: C, 73.62; H, 5.49; N, 9.54.
4-(4-Methylphenyl)-3a,4,5,9b-tetrahydro-3H-cyclopenta|c]quinoline(2i)

0.420 g (65%) of colourless solid ; Mp. 64-65 °C; IR (KBr) : 3362, 1476 cm™; '"H NMR (300 MHz,

CDCL) 6 7.39(d, 2H, J = 7.7 Hz), 7.24 (d, 2H, J = 7.6 Hz), 7.11 (m, 2H), 6.82 (m, 1H), 6.67 (d, 1H, J
= 7.8 Hz), 5.91 (m, 1H), 5.72 (m, 1H), 4.68 (d, 1H, J = 2.7 Hz), 416 (d, 1H, J - 8.6 3.76 (br s

KiLg, 151, U ‘.;Z), A%

1H), 3.09 (m, 1H), 2.71 (m, 1H), 2.43 (s, 3H), 1.91 (m, 1H); *C NMR (75 MHz, CDC]:)S 145.7, 139.8,
136.8, 134.0, 130.4, 129.1, 129.0, 126.4, 126.3, 119.1, 115.9, 57.8, 48.4, 48.0, 31.5, 21.1; MS m/z : 261
(M"); Anal. Caled. for CisH1oN: C, 87.31; H, 7.33; N, 5.36. Found: C, 86.90; H, 7.34; N, 5.38.
4-(4-Chlorophenyl)-3a,4,5,9b-tetrahydro-3H-cyclopentaclquinoline(2j)

0.540 g (77%) of crystalline white solid ; Mp. 141-142 °C; IR (KBr) : 3364, 1472 cem™; 'H NMR (300
MHz, CDCl;) 8 7.37 (m, 4H), 7.04 (m, 2H), 6.79 (m, 1H) 7.9 Hz), 5.

AVARAL, WAL O =227

k]

-~
o
[\
~
E=)
.1'3
N
It
N
\O \

: (
1.82 (m, IH) nC NMR (75 MHz, CDCl;) 6 141.3, 133.9, 130.9, 130.2, 128.9, 128.6, 127.8, 126.3,
1259, 119.3, 115.9, 57.4, 46.2, 45.8, 31.3; MS m/z : 281 (M"), 283 (M" + 2); Anal. Calcd. for
CisHiCIN: C, 76.72; H, 5.72; N, 4.97. Found: C, 77.03; H, 5.74; N, 4.96.
8-Chloro-4-(4-chlorophenyl)-3a,4,5,9b-tetrahydro-3H-cyclopenta[c]quinoline(2k)
0.630 g (80%) of colourless solid ; Mp. 171-172 °C; IR (KBr) : 3364, 1472 em’’; 'H NMR (300 MHz,
CDCly) & 733 (m, 2H), 694 (m 3H\ 6.55 (m, 2H), 5.79 (m, 1H), 5.66 (m, 1H), 4 .56 (d 1H, J =28
Hz), 4.03 (d, 1H, J = 9.1 Hz), 3.72 (s, 1H), 2.94 (m, 1H), 2.56 (m, 1H), 1.81 (m, 1H); *C NMR (75
MHz, CDCl;) 8 144.2, 140.8, 134.3, 133.5, 130.7, 128.6, 128.5, 127.7, 126.2, 123.5, 117.0, 57.3, 46.0,
45.5,31.2; MS nv/z : 315 (M"), 317 (M" +2); Anal. Caled. for C;sH,;sCL,N: C, 68.37; H, 4.78; N, 4.43.
Found: C, 68.10; H, 4.76; N, 4 45.

a
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To a solution of Schiff’s base 1a-d,j,k,m (2.5 mmol) and cyclohexen-2-one (0.360 g, 3.75 mmol)
in acetonitrile (10 ml) protected by guard tube was added indium trichloride (0.110 g, 20 mol %) and
stirred at room temperature for 24 h. To the reaction mixture aqueous sodium carbonate solution (10 ml)
was added and extracted with chloroform (3 x 10 ml). The combined organic layer was washed with
water (10 ml) and brine (10 ml), dried over anhydrous sodium sulphate, then concentrated under reduced
pressure. The residue was purified by column chromatography using silica gel (230-400 mesh) and eluted
with petroleum ether : ethyl acetate (90 : 10) to afford azabicyclo[2.2.2]octanones 6a-d,j,k,m and 7a-

d,j.k,m
U Evanhanvl .Y nhanvi .V arahisruslal? ? Yactan_ A& _nnalfial
J-M(’-pll‘fll BT "Il‘;ll B ‘.‘A“Ul‘y"l“lb‘h.hl"‘,‘all -t Ullb\ua’
0/ 1A AAm 172 1A O T - -l iy amam
Vip. 140=14% U, 1 s / / CITlt , 1 INIVIIN

.40 (m, 6H), 7.14 (m, ZH), 6.64 (m, 2H), 4.80 (d, 1H, J = 1.4 Hz), 4.57 (br s, 1H),
1 (m, 1H), 2.73 (m, 1H), 2.45 (m, 1H), 2.39 (m, 1H), 1.91 (m, 1H), 1.69 (m, 2H); “CN'MR(75 MHz,

CDC]_;) & 213.6, 148.1, 140.0, 130.0, 129.3, 127.8, 125.1, 117.6, 113.0, 62.3, 509, 48.1, 42.2, 25.9,

16.3; MS m/z : 277 (M"); Anal. Calcd. for C;oH;oNO: C, 82.28; H, 6.96; N, 5.05. Found: C, 81.98; H,

6.94; N, 5.07.

3-Endo-phenyl-2-phenyl-2-azabicyclo[2.2.2]octan-5-one(7a)

0.150 g (20%) of colourless solid, Mp. 113-114 °C; IR (KBr) : 3392, 2928, 1722, 1491 cm'l; 'H NMR

s 3K = 1o T guy 1T A 771 (. 1IN N AL foo 1ITIN A NN (. ATIN 1 1€ fom MNLINV l3ﬂ NIAAD 777 AATIY_ /TN Y ©
2.0z (m, IH), 2.71 (M, 1), 2.40 (M, 10j, 2.2z (M, 2mn), 1.75 {m, 2r); C NMR (7> Mnz, CoClz) o
211.8, 147.7, 142.1, 129.2, 128.9, 127.5, 125.5, 117.6, 113.2, 65.8, 52.1, 48.4, 45.8, 29.6, 22.6; MS m/z
277 (M"); Anal. Calicd. for C,sH;sNO: C, 82.28; H, 6.96; N, 5.05. Found: C, 81.88; H, 6.89; N, 5.04

3-Exo-phenyl-2-(4-nitrophenyl)-2-azabicyclo[2.2.2]octan-S-one(6b)
0.377 g (47%) of yellow solid; Mp. 187-188 °C; IR (KBr) : 3368, 2960, 1731, 1599 cm™; '"H NMR (300
MHz, CDCl;) 8 7.99(m, 2H), 7.29 (m, SH), 6.54 (m, 2H), 4.88 (d, 1H,J = 2.3 Hz), 468 (d, 1H, /= 2.0
Hz), 2.76 (m, 1H), 2.65 (m, 1H), 2.52 (m, 1H), 2.32 (m, 1H), 2.06 (m, 1H), 1.70 (m, 2H); “C NMR (75

MHz, CDCl;) § 212.0, 152.4, 139.2, 138.1, 129.1, 127.9, 126.2, 125.9, 125.7, 113.0, 111.7, 61.9, 50.6,
400 430 251 165 MS m/z 322(M": Anal Caled for C.cH:N-O-. - C. 7079- H 563 N 869
IV, TV, dad iy LV.J, LVAD MV L, Jad\1vi J, imii, Vv, avi LSRNV Ny TN S, Xy V.V, 1Y, UV
Caiind 71 D& g an- N 2 K5
FOUna: L,/71.00; n, 53.0U; 1IN, 6.00.

3-Endo-phenyl-2-(4-nitrophenyl)-2-azabicyclo[2.2.2]octan-5-one(7b)

0.185 g (23%) of yellow solid; Mp. 188-189 °C; IR (KBr) : 3368, 2927, 1729, 1597 cm™; 'H NMR (300
MHz, CDCl3) 8 7.95 (m, 2H), 7.24 (m, SH), 6.55 (m,2H), 4.79 (d, 1H, J = 2.3 Hz), 4.66 (m, 1H), 2.86
(m, 1H), 2.71 (m 1H), 2.49 (m, 1H), 2.16 (m, 2H), 1.78 (m, 2H); *C NMR (75 MHz, CDCl;) & 209.7,

152.5, 139.3, 138.1, 129.2, 129.1, 128.0, 125.9, 125.7, 125.2, 111.9, 111.7, 65.3, 51.9, 49.2, 45.0, 23.7,
22.1; MS nv/z: 322(M ); Anal. Caled. for CisH1sN2Os @ C, 70.79; H, 5.63; N, 8.69. Found: C, 70.56; H,
5.61; N, 8.73.

Bl Al Py T AN A 4 At _a -
3-Exo-phenyi-2-{4-methoxyphenyi)-2-azabicycio 0{2.2.2]octan-S-on

P N AY AA O T oA Y ATR AT

0.313 g (41%) of yeilow solid; Mp. 119-120 °C; IR (KBr) : 3360, 2912, 1718, 1674, 1504 cm™; "H NMR
(300 MHz, CDCl;) 8 7.36 (m, SH), 6.73 (d, 2H, ./ = 7.7 Hz), 6.52 (d, 2H, J = 7.9 Hz), 4.68 (br s, 1H),
4.41 (br s, 1H), 3.67 (s, 3H), 2.71 (m, 2H), 2.39 (m, 2H), 1.78 (m, 3H); '*C NMR (75 MHz, CDCl;) &
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3-Endo-phenyi-2-(4-methoxyphenyi)-2-azabicycio[2.2.2Joctan-5-one(7c)

0.147 g (19%) of yellow solid ; Mp. 106-107 °C; iR( KBr) : 3376, 2928, 1725, 1507 cm™; 'H NMR (300
MHz, CDCl;) 8 7.32 (m, SH), 6.74 (d, 2H, J= 8.5 Hz), 6.59 (d, 2H, J = 8.5 Hz), 4.57 (br s, 1H), 4.39 (br
s, 1H), 3.69 (s, 3H), 2.72 (m, 1H), 2.42 (m, 4H), 1.67 (m, 2H); *C NMR (75 MHz, CDCL}) § 212.0,
152.0, 142 4, 142.1, 130.0, 128.8, 127.3, 125.6, 114.8, 114.7, 66.1, 55.5, 52.2, 49.3, 46.0, 22.6, 22.2; MS
m/z: 307 (M"); Anal. Calcd. for CxHNO, : C,78.15; H, 6.89; N,4.56. Found: C, 77.85; H, 6.86; N,4.54.
3-Exo-phenyl-2-(4-chlorophenyl)-2-azabicyclo[2.2.2]octan-5-one(6d)

0.385 g (49%) of colourless solid ; Mp. 157-158 °C; IR (KBr) : 3408, 2944, 1725, 1495 cm™'; '"H NMR

s ¢
~} ¢
o~~~ »-
'
2
n
-
o
=
o
o
o]
~
3
[\®] ~
T
\/ <
[ i-
J; \
—

( 1
MHz, CDC|3)6 214.0, 1455 139.2, 128.9, 128.7, 127.4, 125. 1
25.7, 16.0; MS m/z: 311 (M), 313 (M" + 2); Anal. Calcd. for C,yH;3CINO : C,73.1
Found: C, 72.88; H, 5.79; N,4.47.
3-Endo-phenyl-2-(4-chlorophenyl)-2-azabicyclo[2.2.2]octan-5-one(7d)
0.142 g (19%) of colourless solid ; Mp. 144-145 °C; IR (KBr) : 3376, 2928, 1731, 1494 cm™; 'H NMR
(300 MHz, CDCl3) 6 7.28 (m, SH), 7.07 (d, 2H, J = 8.6 Hz), 6.53 (d, 2H, J = 8.6 Hz), 4.59 (br s, 1H),
4.46 (br s, 1H), 2.76 (m, 2H), 2.47 (m, 2H), 2.24 (m, 2H), 1.73 (m, 1H); *C NMR (75 MHz, CDCl:) &

211.0, 145.6, 140.3, 128.9, 128.1, 127.5, 125.3, 122.2, 114.3, 65.7, 51.9, 48.7, 45.6, 22 5, 22.3; MS m/z:

211 (MDY 212 (MY +'7\ Anl{‘ldf‘r\r ,\H ("\]n (‘71]QH<R7 N.4.49 Fou nd- C 77200 H
~ 11 \J'l I, o L7 \L'.I, £ RiiBr, U1V AV \/1 Sl N AT ke l‘ P 4 U lu- \/, b e IV’ 1"
£ T70. N1 A AL

S5.70, IN,4.40,

3-Exo-(4-chlorephenyl)-2-phenyl-2-azabicyclo[2.2.2Joctan-5-one(6j)

0.242 g (31%) of colourless solid ; Mp. 138-139 °C; IR (KBr) : 3384, 2937, 1722, 1495 cm™’; 'H NMR

(300 MHz, CDCl3) & 7.39 (m, 5H), 6.72 (m, 2H), 6.53 (m, 2H), 4.72 (d, 1H, J = 1.8 Hz), 4.57 (br s, 1H),
2.66 (m, 2H), 2.41 (m, 1H), 2.19 (m, 2H), 1.73 (m, 2H); ®C NMR (75 MHz, CDCl;) & 213.1, 147.9,
138.6, 134.8, 131.3, 129.5, 129.4, 127.5, 118.3, 113.0, 61.8, 50.7, 48.1, 42.2, 259, 16.2; MS m/z: 311
(M"), 313 (M + 2); Anal. Calcd. for CisH;sCINO : C,73.19; H,5 82; N,4.49. Found: C, 72.87; H, 5.75,
N,4.45.

3.Endo-~(4-chlorophenyl)-2-phenyl-2-azabicyclo{2.2.2]octan-5-one(7j)

0.262 g (34%) of colourless solid ; Mp. 126-127 °C; IR (KBr) : 3395, 2927, 1724, 1495 cm™; 'H NMI

vvvvv o) O COIQUNC a 1p Ir r) N . R LI o § \
(300 MHz, CDCl:) 8 7.26 (m, 5H), 6.72 (m, 2H), 6.61 (m, 2H), 4.61 (brs, 1H), 4.53 (br s, 1H), 2.74 (m,
AT P - 132 : <

2H), 2.48 (m, 1H), 2.24 (m, 2H), 1.72 (m, 2H); "C NMR (75 MHz, CDCl;) &6 211.3, 147.7, 140.2,

7 i
133.1, 129.2, 129.1, 127.0, 118.0, 113.3, 65.2, 52.0, 48.5, 45.8, 22.5, 22.3; MS m/z: 311 (M"), 313 (M"
+ 2); Anal. Calcd. for C;gH;3CINO : C,73.19; H,5.82; N,4.49. Found: C, 72.86; H, 5.72; N,4.48.
3-Exo-(4-chlorophenyl)-2-(4-chlorophenyl)-2-azabicyclo[2.2.2]octan-S-one(6Kk)
0.299 g (34%) of colourless solid ; Mp. 163-164 °C; IR (KBr) : 3377, 2926, 1730, 1495 cm™; '"H NMR
(300 MHz, CDCl5) 8 7.31 (m, 4H), 7.07 (d, 2H, J = 8.2 Hz), 6.44 (d, 2H, J = 8.3 Hz), 4.66 (br s, 1H),
4.57 (br s, 1H), 2.64 (m, 2H), 2.35 (m, 1H), 2.18 (m, 1H), 1.88 (m, 1H), 1.64 (m, 2H); C NMR (75

(]
I\)

12.5, 146.3, 1379, 133.2, 129.2, 129.1, 1273, 1227, 114.1, 61.7, 50.5

48.4, 420,

»
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3-Endo-(4—chlorophenyl)—2-(4-chlor0phenyl) 2-azabicyclo][2.2.2]octan-5S-one(7k)
0.338 g (40%) colouriess solid; Mp. 141-142 °C; IR (KBr) : 3374, 2927, 1730, 1495 cm™; *H NMR (300
MHz, CDCl;) 8 7.27 (m, 4H), 7.06 (d, 2H, J = 8.9 Hz), 6.51 (d, 2H, J = 8.9 Hz), 4.56 (d, IH,/ =14
Hz), 4.44 (br s, 1H), 2.72 (m, 2H), 2.40 (m, 1H), 2.07 (m, 2H), 1.71 (m, 2H); “C NMR (75 MHz, CDCl;)
& 211.0, 146.4, 138.8, 133.3, 129.2, 129.1, 127.0, 122.8, 114.6, 65.2, 52.0, 49.0, 45.7, 22.6, 22.3; MS
m/z: 345 (M"), 347 (M" + 2); Anal. Calcd. for C,sH;sCLNO : C, 6591; H, 4.95; N, 4.05. Found: C,
65.72, H, 497; N, 4.06,
3-Exo-phenyl-2-(4-methylphenyl)-2-azabicyclo[2.2.2]octan-5-one(6m)
0.327 g (45%) of colourless solid; Mp. 172-173 °C; IR (KBr) : 3372, 2938, 1726, 1497 cm’; 'H NMR
(300 MHz, CDCl3) 8 7.36 (m, SH), 6.96 (d, 2H, J = 8.0 Hz), 6.52 (d, 2H, J = 8.1 Hz), 4.75 (br s, 1H),
4.52 (br s, 1H), 2.73 (m, 2H), 2.37 (m, 2H), 2.21 (s, 3H), 1.85 (m, 3H); *C NMR (75 MHz, CDCl;) &
213.6, 145.8, 140.1, 129.7, 128.6, 127.2, 126.7, 126.0, 112.9, 62.2, 50.8, 48.1, 41.9, 25.9, 20.0, 16.2; MS
m/z: 291 (M"), Anal. Calcd. for C;eH;:NO : C, 82.44; H, 7.26; N, 4.81. Found: C, 82.38; H, 7.23; N,
4.78.
3-Endo-phenyi-2-(4-methylphenyl)-2-azabicycio|
0.122 g (17%) of colourless solid; Mp. 159-160 °C; IR (KBr) : 3369, 2934, 1730, 1498 cm’; '"H NMR
(300 MHz, CDCl3) 8 7.21 (m, SH), 6.96 (d, 2H, J = 7.3 Hz), 6.55 (d, 2H, J = 7.9 Hz), 4.60 (br s, 1H),
4.49 (br s, 1H), 2.76 (m, 1H), 2.33 (m, 3H), 2.20 (s, 3H), 1.87 (m, 3H); “C NMR (75 MHz, CDCly) &
211.8, 151.2, 145.2, 142.1, 129.7, 128.8, 127.4, 126.9, 125.6, 113.3, 65.9, 52.1, 48.7, 45.9, 25.6, 22.6,
20.1; MS mv/z: 291 (M"); Anal. Calcd. for C30HyNO : C, 82.44; H, 7.26; N, 4.81. Found: C, 82.65; H,
7.29; N, 4.82.
General procedure for the Dieis-Alder reaction of Schiff’s bases ia,c,d,k,m with cyclohepten-2-
one(8)

To a solution of Schiff’s base 1a,¢,d,k,m (2.5 mmol) and cyclohepten-2-one (0.413 g, 3.75 mmol)

A

-~ . - -
4Ljoctan-o- one(/m)

m ":‘
!\J
™~

in acetonitrile (10 ml) protected by a guard tube was added indium trichloride (0.110 g, 20 mol %) and
stirred at room temperature for 20-26 h. To the reaction mixture aqueous sodium carbonate solution (10
ml) was added and extracted with chloroform (3 x 10 ml). The combined organic layer was washed with

water (10 ml) and brine (10 ml), dried over anhydrous sodium sulphate, then concentrated under reduced

pressure. The residue was purified by column chromatogaphy using silica gel (230-400 mesh) and eluted
with petroleum ether : ethyl acetate (90 : 10) to afford azabicyclo [ 2.2]nonanones 9a,¢,d,k,m and
10a,c,d,k,m.

7-Exo-phenyl-6-phenyl-6-azabicyclo[3.2.2]nonan-8-one(9a)
0.211 g (29%) of colourless solid; Mp. 110-111 °C; IR (KBr) : 3407, 2940, 1729, 1512 cem™; '"H NMR
(300 MHz, CDCl;) 8 7.23 (m, 6H), 7.04 (m, 2H), 6.69 (m, 2H), 5.03 (br s, 1H), 4.50 (br s, 1H), 2.82 (m,

13
20 (m. 2H). 160 {m. 2H): BC NMR (75 MHz CDCL

}{ i, Jiijy, PUYMIN {72 i1,

Y 24T frm 2H
iy, LS55

ik, &t
2 ¥

)

Y8 2172A 1401 12Q0Q
3) U &14.9, 1971, 157.7,
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128.9, 1285, 127.4, 127.1, 1262, 1183, 116.2, 60.5, 55.9, 54.9, 42.0, 352, 24.0, 20.0; MS my/z: 291
(M'); Anal. Calcd. for CoHaNO : C,82.44; H,7.26; N,4.81. Found: C, 82.65; H, 7.23; N,4.76

7-Endo-phenyi-6-phenyi-6-azabicycio{3.2.2jnonan-8-one(10a)

0.195 g (27%) of colourless solid ; Mp. 153-154 °C; IR (KBr) : 3414, 2936, 1720, 1501 cm™; '"H NMR
(300 MHz, CDCl3) § 7.22 (m, 6H), 6.71 (m, 2H), 6.60 (m, 2H), 4.83 (br s, 1H), 4.65 (br s, 1H), 3.20 (d,
1H, J = 5.4 Hz), 2.81 (m, 1H), 2.50 (m, 1H), 2.21 (m, 2H), 1.87 (m, 2H), 1.59 (m, 2H); “C NMR (75
MHz, CDCl;) 6 210.5, 147.2, 141.4, 129.3, 128.9, 127.3, 126.9, 126.0, 118.3, 112.1, 64.4, 57.1, 48.8,
44.0, 30.7, 30.6, 20.2; MS m/z: 291 (M"); Anal. Caled. for CH;NO : C,82.44; H,7.26; N,4.81. Found:
C, 82.75; H, 7.28; N,4.83.

7-Exo-phenyl-6-(4-methoxyphenyl)-6-azabicyclo[3.2.2]nonan-8-one(9c)

0.250 g (31%) of yellow solid; Mp. 155-156 °C; IR (KBr) : 3420, 2933, 1722, 1518, 1249 em”; 'H
NMR (300 MHz, CDCl;) 8 7.25 {m, SH), 6.66 (m, 4H), 4.92 (br s, 1H), 4.35 (br s, 1H), 3.66 (s, 3H),
2.83 (m, 2H), 2.43 (m, 1H), 2.22 (m, 2H), 1.65 (m, 4H); "C NMR (75 MHz, CDCl;) § 213.0, 152.4,
143.5, 140.1, 128.3, 127.4, 126.8, 117.7, 114.0, 59.9, 56.9, 55.4, 55.0, 41.5, 35.7, 23.7, 19.9; MS m/z:
321 (M"); Anal. Caled. for C;;HiNO, - C, 78.47, H, 7.21; N, 4.36. Found: C, 78.32; H, 7.18; N, 4.33.

7-Endo-phenyl-6-(4-methoxyphenyl)-6-azabicyclo|3.2.2]nonan-8-one(10c)

0.134 g (17%) of yellow solid; Mp. 107-108 °C; IR (KBr) : 3418, 2936, 1728, 1517, 1245 cm™"; '"H NMR
(300 MHz, CDCl) 8 7.20 (m, SH), 6.77 (d, 2H, J = 8.4 Hz), 6.50 (d, 2H, J = 8.4 Hz), 4.73 (br s, 1H),
4.56 (br s, 1H), 3.69 (s, 3H), 3.11 (m, 1H), 2.82 (m, 1H), 2.53 (m, 1H), 2.28 (m, 2H), 1.72 (m, 4H); e
NMR (75 MHz, CDCl;) & 210.4, 151.0, 141.9, 141.6, 128.7, 127.1, 1259, 114.8, 112.6, 64.7, 57.1,
558,488,442 308 304, 20.1; MS m/z: 321 (M) Anal. Falrd for C;iH;3NO, : C, 78.47; H, 7.21; N,

UUUUUUUU YL AL LAl 1523 4 12,

"—Ex‘ﬁ-ph l‘lyl ‘-\q-uuﬁﬁ)i‘)ll(‘:l‘iyu-o—i‘tiﬁbicydﬁi3.2.2iummu-3-0ut(9d)
0.247 g (30%) of colourless solid; Mp. 120- 12‘1“C; IR (KBr) : 3427, 2927, 1729, 1499 em™: 'TH NMR
(300 MHz, CDCls) & 7.20 (m, 5H), 6.99 (d, 2H, J = 8.4 Hz), 6.60 (d, 2H, J = 8.4 Hz), 4.94 (br s, 1H),

4.38 (br s, 1H), 2.86 (m, 1H), 2.73 (m, 1H), 2.47 (m, 1H), 2.01 (m, 2H), 1.65 (m, 4H); ®C NMR (75
MHz, CDCl;) § 212.0, 147.5, 139.2, 128.5, 128.3, 127.1, 127.0, 122.9, 117.2, 59.9, 55.9, 54.6, 41.8,
34.8,23.7, 19.7, MS m/z: 325 (M"), 327 (M' +2); Anal. Calcd. for Co0H20CINO : C, 73.72; H, 6.19; N,
4.30. Found: C, 73.95; H, 6.21; N, 4.32.
7-Endo-phenyl-6-(4-chlorophenyl)-6-azabicyclo[3.2.2]nonan-8-one(10d)

0.386 g (48%) of colourless solid; Mp. 160-161°C; IR (KBr) : 3420, 2938, 1721, 1495 cm™; 'H

V.00 S o) 1 v W Uikl

ss
)572 (,n SH), 7.09 (d, 2H, J = 8.9 Hz), 6.50 (m, 2H), 4.74 (br s, 1H), 4.55 (d

15, JIk FoVT My ek, v O. S 1kdy, VIV 1k, &Liiy, 1Ly, T.IO(G,

k]
1H, J = 2.5 Hz), 3.15 (m, 1H), 2.78 (m, 1H), 2.52 (m, 1H), 2.20 (m, 2H), 1.66 (m, 4H); ‘3CNM:R(75
8.

o “m~a N 1mr O 1h A

MHz, CDCiz) 6 210.0, 145.1, 141.2, 128.9, 128 8, 127.3, 1258, 121.2, 116.4, 113.0, 64.4,
43.7, 30.5, 30.4, 20.0, MS m/z: 325 (M) 327 (M +2); Anal. Calcd. for CooHoCINO : C, 7-
N, 4.30. Found: C, 73.32; H, 6.20; N, 4.92.
7-Exo-(4-chiorophenyl)-6-(4-chlorophenyl)-6-azabicyclo[3.2.2]nonan-8-one(9k)

0.256 g (29%) of colourless solid ; Mp. 115-116 °C; IR (KBr) : 3428, 2926, 1728, 1498 cm™; 'H NMR
(300 MHz, CDCl3) 8 7.32-7.04 (m, 6H), 6.55 (m, 2H), 4.91 (d, IH, J = 2.5 Hz), 4.39 (br s, 1H), 2.95
(m, 2H), 2.46 (m, 1H), 2.14 (m, 2H), 1.64 (m, 4H); "C NMR (75 MHz, CDCl;) § 211.5, 147.3, 137.8,
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L N

7-Endo-{4-chiorophenyi)-6-{4-chiorophenyi)-6-azabicycio|3.2.
0.353 g (39%) of colourless solid ; Mp. 125-126 °C; IR (KBr) : 3421, 2939, 1722, 1496 cm™; 'H NMR
(300 MHz, CDCl3) 8 7.12 (m, 5H), 6.57 (m, 3H), 4.68 (br s, 1H), 4.53 (d, 1H, J = 2.1 Hz), 3.09 (m, 1H),
270 (m, 1H), 2.52 (m, 1H), 2.19 (m, 2H), 1.84 (m, 2H), 1.61 (m, 2H); *C NMR (75 MHz, CDCl;) 8
209.5, 145.5, 139.4, 133.1, 129.1, 128.8, 127.4, 116.1, 113.1, 112.9, 63.9, 56.7, 48.9, 43.7, 30.5, 29.8,
20.0; MS m/z: 359 (M"), 361 (M +2); Anal. Calcd. for CH;sCLNO : C, 66.68; H, 5.32; N, 3.89.
Found: C, 66.97; H, 5.32; N, 3.90. '
7-Exo-phenyl-6-(4-methylphenyl)-6-azabicyclo[3.2.2Jnonan-8-one(9m)

Lh
=
f'\f‘»

; ; , 7 Scem;
NMR (300 MHz, CDCl3) & 7.26 (m, SH}, 697(d,2H, /=78 Hz), 6.62 (d, 2u, J=28.0 Hz), 498 (brs,
1H), 4.42 (br s, 1H), 2.81 (m, 2H), 2.40 (m, 3H), 2.18 (s, 3H), 1.68 (mn, 4H); “C NMR {75 MHz, CDCl,)
& 212.1, 146.9, 140.0, 129.1, i28.3, 127.5, 127.2, 126.8, 110.3, 59.9, 56.1, 54.9, 41.7, 35.3, 23 .8, 20.1,

5 4. 7, 35. 8, 20.1
19.8; MS m/z: 305 (M"); Anal. Calcd. for C2;H:NO : C, 82.59; H, 7.59; N, 4.59. Found: C, 82.72; H,
7.61; N, 4.60.
7-Endo-phenyl-6-(4-methylphenyl)-6-azabicyclo[3.2.2Jnonan-8-one(10m)
0.206 g (27%) of colourless solid; Mp. 148-149 °C; IR (KBr) : 3422, 2936, 1710, 1517 cm™; '"H NMR
(300 MHz, CDCl;) & 7.34 (m, 5H), 6.96 (d, 2H, J = 7.8 Hz), 6.55 (d, 2H, ./ = 7.9 Hz), 4.81 (br s, 1H),
4.64 (br s, 1H), 3.20 (d, 1H, J = 3.3Hz), 2.80 (m, 1H), 2.56 (m, 1H), 2.26 (m, SH), 1.95 (m, 2H), 1.65

2P Q- T T80 N A KSQ TCain ~
JZ. e

04,07, K11, /.57 IN, 4. 5'“7:’1\"1((

s KL, 7.9, 1IN, 4
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