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ABSTRACT: Photolysis of 1-chloroacetyl-2,3-dihydro-5-methoxy-1H-dibenzo[de, h]quinoline (3a)
and the corresponding 5,6-dimethoxy derivative (3b) in aqueous acetonitrile gave good yields of
8,13-dihydro-2-methoxy- and 8,13-dihydro-1,2-dimethoxy—4,6-ethanodibenz|c, ﬁ—azonine—5,7—dione,
(4a) and (4b), respectively. These represent the first examples of 2,8-bridged isoquinoline
denvatives. The structure of (4a) was confirmed by X-ray crystallography.

There is currently considerable interest in bridged aromatic systems and derivatives, particularly
those with short bridging chainsi-3. Such systems are of interest for studying strain effects on
physical and chemical properties; they could also provide potentially useTul rigid models for the
assessment of structure-pharmacological property relationships. Our involvement in this general
area has focussed on heterocyclophanes and reduced derivatives3-4, with heteroatoms in the
aromatic system and/or the bridge. In this regard we wish to report the synthesis of the first
2,8-bridged isoquinoline derivatives (4a,b) with a five—carbon atom bridging chain.

The derivatives (4a,b) were obtained from the N-chloroacetyl compounds (3a,b), these precursors
being prepared in turn from the dibenzo[de,h]quinolones (1a,b)5; reduction (NaBH,, MeOH,0-20°)
of %la,b gave the 2,3,7,11b-tetrahydro-1H-dibenzo[de,hlquinolin-7-ols (2a%b8), which on
treatment with chloroacetyl chloride and then aluminium chloride gave the l-chloroacetyl-2,3~
dihydro-1 H-dibenz|de, hlquinolines (3a,b)7.

Photolysis of (3a) in acetonitrile/water (1:1 v/v; 1.9x10-3M) for 1.5 hr (Hanovia 450W Hg arc
lamp; Corex filter sleeve A >250nm) gave, after filtration through silica gel and then p.t.lc.
(silica gel; CH,Cly), the 2,8-bridged isoquinoline derivative (4a, colourless crystals from Et;0,
m.p. 183-183.5°)® in 85% yield, together with a small amount of impure gummy material
tentatively identified as the lactam (5a)% (5a) could not be isolated when more dilute solutions
(10-3M and 4.6 x 10-4M) were irradiated, althcugh the yield of (4a) was barely affected. The
structure of (4a) was initially determined by spectroscopic means. Only six aromatic CH carbon
resonances appeared in the 13C NMR spectrum, while two new signals at 170.83 ppm and 170.59
ppm were attributed to the two carbonyl groups; this was supported by the IR spectrum which
showed two bands at 1730 and 1672 cm-! consistent with an imide group. Photolysis of (3b)
4.25 x 10-4M solution) under the same conditions as for (3;) afforded the dimethoxy analogue
4b, colourless crystals from Et;0, m.p. 197-199°)1 in 79% yield; no (6b) could be isolated
om the photolysate.

Unequivocal confirmation of the structure of (4a) was forthcoming from a single crystal X-ray
structure determination.!! The structure obtained is shown in Figure 1 and non-hydrogen atom
co-ordinates are given in Table 1. The molecule adopts a general chair shape!? with bending
around atoms 8 and 13, as is indicated also in solution by NMR spectroscopy.’3 No other
2,8-bridged isoquinoline derivatives appear to have been described previously.
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Figure 1: Structure of (4a), with the molecule,
projected normal to the aromatic ring plane;
20% thermal ellipsoids are shown for the non-
hydrogen atoms, together with skeletal ring
numbering. . Hydrogen atoms have arbitrary
radii of 0.1A.

Mechanistically, the formation of &4)

Table 1. Non-hydrogen atom coordinates

Atom z Y z

Cc(1 0.4142(3) 0.3369(4) 0.4171(2
C(2 0.5435(3) 0.3380(3) 0.4353(2
0(2 0.6156(2) 0.2734(3) 0.5140(1
C(21) 0.7479(3) 0.2846(5) 0.5408(2
C(3 0.5903(3) 0.3921(3) 0.3743(2
C(4 0.5082(3) 0.4566(3) 0.2972(2
C(4a) 0.3833(2) 0.4728(3) 0.2857(2
C 5) 0.3032(3) 0.5476(3) 0.2042(2
O(5 0.2284(2) 0.6479(2) 0.1977(1
N(6 0.3133(2) 0.4818(3) 0.1278(1
C(7 0.2129(3) 0.3989(4) 0.0732(2
o7 0.2200(2) 0.3285(3) 0.0114(1
C(8 0.0982(3) 0.3836(4) 0.0980(2
C(8a) 0.1117(2) 0.2454(3) 0.1566(2
C(9) 0.0837(3) 0.1061(3) 0.1126(2
C(10 0.0874(3) -0.0276(4) 0.1547(2
C(11 0.1195(3) -0.0276(4) 0.2438(2
C(12 0.1498(3) 0.1062(4) 0.2907(2
C(12a) 0.1483(2) 0.2458(3) 0.2486(2
C(13) 0.1906(3) 0.3836(4) 0.3095(2
C(13a) 0.3324(2) 0.4039(2) 0.3409(2
C 14} 0.4422(3) 0.4404(4) 0.1349(2
C(15 0.5409(3) 0.5032(4) 0.2200(2

anthracene ring to the halogen followed by chloride ion
radical coupling to give a methoxy-stabilised carbocation!4.

addition of water could give a neutral intermediate () after loss of a proton.

Grob-type cleavage!,18 would then afford the structure (4).

probably arises from initial electron transfer from the
loss and subsequent intramolecu_l:_n
Trapping of this ion by mucleophilic
An acid-catalysed
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Opportunities exisi for generalisation of this cleavage process for the synthesis of other new
bridged and strained heterocyclic systems. Further functional group manipulations should also
provide access to 2,8-isoquinolinophane derivatives of potential biological interest.

ACKNOWLEDGEMENTS: Support of this work by the Australian Research Grants Scheme
and the University of Tasmania (including the E.T. Taylor Post-gradvate award to W.J.) is
gratefully acknowledged. We also thank Dr I.M. Burgar and Mr N.W. Davies of the Central
Science Laboratory, University of Tasmania, for assistance in obtaining NMR and mass spectra,
and Dr. K.L. Loening, Chemical Abstracts Service, U.S.A., for assistance with nomenclature.

REFERENCES AND NOTES.
1) T. Tsuj and S. Nishida, J. Am. Chem. Soc., 110, 2157 (1988)

2) 'Organic Chemistry' (Ed. H.H. Wasserman) Vol.45 T and Vol.45 II; 'Cyclophanes’ (Eds. P.M.
Keehn and S.M. Rosenfeld) (Academic Press: New York 1983)

3) J.B. Bremner and K.N. Winzenberg, Aust. J. Chem., 39, 1 (1986)

4) J.B. Bremner, L.M. Engelhardt, A.H. White, and K.N. Winzenberg, J. Am. Chem. Soc., 107,
3910 (1985)

5) G.N. Walker and R.J. Kempton, J. Org. Chem., 86, 1413 (1971). Compounds (1a) and (1b)
were made by a modification of Walker and Kempton's procedure. The crude viscous, oily
dimethoxyphenylethylamino phthalide (1g) in CH2Cl, (10 ml) was adsorbed on silica gel (2g),
the solvent evaporated, and the resulting powder added portionwise to polyphosphoric acid (10g)
at 100°C with stirring; stirring was continued at 100°C for 20 min. The usual general work-up
and p.tlec. (silica gel/CHCl3) gave (la, 66%, m.p. 168~169°C dec.), (1b, 3%; 41% (60°C, 10
min.), m.p. 151-152°C dec.), and (1, R=MeO, R'=0H, 11%, m.p. 173-174°C dec.). Compound
(1b): 'H NMR (300 MHz, CDCl3)* £8.31 (dd, J 7.5, 1.5Hz, 1H), 8.23 (dd, J 7.5, 1.5Hz, 1H),
7.70-7.58 (m, 2f({:), 7.02 (s, 1H), 4.08 (t, J 7.5 Hz, 2H), 3.98 (s, OMe), 3.97 (s, OMe), 2.87 (t, J
7.5 Hz, 2H): 13C NMR (CDCl;)* £184.42(CO), 156.87, 156.28, 148.99, 135.89, 134.07, 133.91,
133.69 (ArH), 131.34 (ArH), 127.48 (ArH), 124.85 (ArH), 124.53, 120.48, 116.48 (ArH), 62.14
(OMe), 56.96 (OMe), 48.27 (CH,-N), 26.39 (CHyAr), MS: m/z 293 (M* 100%; Calcd. for
C]gH“,NOz, 293.1052, found 2931050), 278 (35), 264 (65), 263 25), Anal. Caled for C13H15N035
C, 73.71; H, 5.15; N, 4.78%, found: C, 73.59,; H, 5.13; N, 4.81%; IR (Nujol) : 1660, 1596, 1580
cm-l. *All NMR spectra were run on solutions in CDCl; at 300MHz (1H) or 75.5 MHz (1C).
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MS: m/z 325 (M*, 100%, Calcd. for CoHsNO,35C1 325.0868, found 325.0874), 327(33), 289(10),
248(90), 247(52), 204(23); Anal. Caled. for CHisNO,CL: C, 70.05; H, 4.95; N, 4.30%, found : C,
70.19; H, 5.03; N, 4.33%; IR (Nujol) : 1670, 1630 cm™. Compound (3b) was prepared similarly
in 33% yield, m.p. 101-102°C (recrystallized from diethyl ether). H NMR, & 8.52 (s, 1H),
7.95-7.92 (m, 1H), 7.83-7.80 (m, 1H), 7.43-7.33 (m, 2H), 7.12 (s, 1H), 5.25-5.20 (m, 1H), 3.99
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(5, OMe), 3.95 (5, OMe), 396 (4, J 137 Tz, 1R), 3.55 (d, J 137 Ha, 1H), 3.65-3.51 (m, 1H),
3.46-3.35 (m, 1H), 3.12-3.06 (m, 1H); 13C NMR & 168.77 (CO), 147.70, 141.14, 132.65, 132.32,
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1), 3.03-2.91 (m, 1H), 2.85-2.76 (m, 1H); 8C NMR & 177.83 (CO), 170.59 (co%, 162.82,
142.23, 140,01, 139.91, 134.25 (ArH), 132.53, 131.77 (ArH), 129.11, 128.63 {(ArH), 127.70 (ArH),
113.03 (ArH), 109.98 [ArH), 56.17 (OMe), 44.39 (CH,-N), 40.14 (CH»-CO), 37.67 (Ar-CHy-Ar),
28.38 (CHz-Ar); MS: m/z 307 (M*, 70%; Calcd. for CiHNO; 307.1206, found 307.1208
264(10(3, 263(5%}, 236(30); Anal. Caled. for CigH;yNOjy: C, 74.25; H, 5.58; N, 4.56%, found: C,
74.33; H, 5.63; N, 4.66%; IR (Nujol): 1730, 1672, 1602 cm L.

9) The 'H NMR indicated six aromatic protons, three methylene groups, and one methoxy group
for the main component; this was confirmed by the !3C NMR and a resonance at 167.87 ppm
was ascribed to the amide carbony! (IR, thin film from CHCly: 1672, 1633 c¢m); MS: m/z 289
(M*+, 100%; Caled. for CygHsNQ, 289.1101, found 289.1109).

10) Compound (4b): 1H NMR & 7.55-7.50 (m, 1H), 7.36-7.32 (m, 1H), 7.10-7.01 (m, 2H), 6.51
s, 1H), 4.76 (d, J 13.48 Hz, 1H), 4.36 (d, J 13.12 Hz, 1H), 4.18 (d, J 13.12 Hz, 1H), 3.98 (s,
Me), 3.83 (s, OMe), 3.82-3.75 (m, 1H), 3.36 (d, J 13.48 Hz, 1H), 3.22-3.12 (m, 1H), 2.99-2.88

(m, 1H), 2.74-2.72 (m, 1H); 30 NMR & 177.51 (CO), 170.78 (CO), 155.99, 14648, 142.49,

134.11, 133.93 (ArH), 132.49 SAIH), 132.17, 131.96, 129.17, 128.59 (ArH), 127.59 (ArH), 108.74
ArH), 62,27 (OMe), 56.54 ( Mez} 4451 (CH,N), 40.21 (CH,-CO), 30.99 (Ar-CH,-Ar), 27.88
ArCH,); MS: m/z 337 (M*, 100%; Calcd. for CpHNO4 337.1312, found 337.1290) 294(758,

293(30), 263(20% 235(30); Anal. Caled. for CyHsNOg C, 71.20; H, 5.68; N, 4.15%, found: C,

71.17; H, 5.64; N, 4.16%; IR {thin film from CHCl) : 1732, 1678, 1504 cm-,

11) Structure Determination: CigHNO,, M = 307.3.  Monoclinic, P2y/c, a-—-11.493¥),
b=8.823(4), c=16.361(9?x. ,6=112.02S4)°, U=1538(1)A3. Dc(Z=4) 1.33 g.cm3. F(000)=648. The
structure  was refined to R=0.045, R' (statistical weights)=0.042 for 1554 ‘'observed'
diffractometer reflections out of 2730 independent reflections 10 20uax = 50° (Mo Ko radiation).
Anisotropic thermal parameters were refined for C, N, O; (z, y, 2, Uiso)n were estimated.
Non-hydrogen inferatomic distances, interbond angles, and anisotropic thermal parameters, as
well as hydrogen atom parameters and S.F. amplitudes are available from the Cambridge
Crystallographic Data Centre.
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132-4a-5-6 (-119.4); 4a-56-7 (108.6), 5-6-7-8 (0.2); 6-7-8-8a (-89.4); 7-8-8a-12a (100.7);
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13) Dipole-dipole (through space) interaction between one of the protons on Cl3 with both
protons on C8 was indicated by a NOESY experiment, with a mixing time delay of 1s 8 Ty for
the involved protons.
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