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BRIDGEHEAD NITROGEN HETEROCYCLICS VIA IMIDE REDUCTION.
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Incorporation of imides in condensed heterocyclics via a Bischler-
Napieralski type of ring closure often leads to low yields of cyclization
products1. On the other hand the continuing interest2 in the chemistry of
the indole and isoquinoline alkaloids emphasizes the poténtial value which
a general method of synthesis for these types of compound might have. As
reported recently the acid-catalyzed cyclization3 of 5-hydroxy-2-pyrrolidin-
ones and 5-alkoxy-~2-pyrrolidinones offers an attractive method to circumvent
the difficulties in working with concentrated inorganic acids or phospinorus

oxychloride4.
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The hydroxy compounds 2a-2e were prepared via pHcontrolled NaBH4 reduct-
ion of the corresponding cyclic imides la-le and "base work-up". The cor-
responding ethoxy derivatives 3a-3e, generally obtained as slightly unstable
oils in quantiyative yield, could be synthesized following an analogous
procedure except that work-up of the compounds was carried out at pH<7("acid
work-up"). Pertinent analytical data on both types of compound are listed
in the table.

Cyclization of 223, 2e, 3b, 3¢, 2d and 3e, in which the aryl nucleus is
activated by a methoxy substituent, was carried out in refluxing benzene/

TsOH and proceeded under mild conditions and in high yields to the corresp-

onding ring closed products.

TABLE
a b c

Compoun-i mp IR NMR yield
2a 120-125° 1660/cm 4.9 - 5.05 75%
2b 107-110° 1640 4.9 - 5.1 70
2¢ (X=H) 80-82° 1660 5.0 - 5.15 80
24 (X=0Me) 104-110° 1650 5.1 - 5.25 93
2e (X=H) 113-115° 1660 4.75 - 4.95 89
3a - 1685/cm 4.5 - 4.75
3b - - 1685 4.6 --4.85
3¢ (X=H) - 1675 4.78 - 4.91
3¢ (X=OMe) - 1675 4.75 - 4.95
34 (X=0Me) - 1680 4.85 - 5.05
3e (X=H) - 1680 4.4 - 4,6
a) the sometimes relatively large melting range is due to thermal

instability. b) Solids determined in KBr; oils in CHClS.
c) &(cDCL,) H
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Thus the A9,11-13-azasteroid 4a could be prepared directly via the
cyclization of either 24, 34 or a mixture of 2d and 3d in a yield of 46%,
mp. 150-152°, NMR (CD013) 5 6.14 (311, X part of ABX). Prom the mother
liquor the known1h 48,9-steroid 4b was obtained in 3%% yield after HCl-MeOH
isomerisation of the remaining traces of the AY9,ll-isomer 4a into 4b.

The reduction of l¢ (X=0Me) ("base work-up") led directly (21% yield)
to the 9-hydroxy-l3-azasteroid 5, mp. + 180° decomp.; IR (KBr) 3280(0H),1655
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(c=0)em™'; NMR (CDC13) & 3.0-3.4 (double t, 514) 3.5-3.9 (1H m, Hi5) 3.76

(s, CH50) 4.0-4.25 (1H m, H,,) 6.55-6.85 (H, and H,) 7.35-7.5(H,); thus
illustrating the high nucleophilicity of the A8,9 bond in this system. Mild
treatment of 5 with acid gave a 1:1 mixture of 4a and 4b. On the contrary,
in fte reduction ar I¢ (X=Hl ma frace of a G-hydraxy-campound could he deleci-
ehb. Uyctiization o = maxture of D {R=UNed znd 2e (%=Uhe) guve Thoe wnown ©+f
Li-aza-equilenin methyl ather Tn 76K wield, mpn. D34 D3ET.

Acid treatment of compounds 2a, 3a, 2e (X=H) and 3e (X=H) afforded main-
ly the corresponding cyclization products as estimated via GLC-analysis and
IR and MMB-spectrascapical dafa. I[n thege reactions, however, considerable
anounis of side-products were formed presumably as a conseguence of the in-
stability of the intermediate cyclic imminium form 6 and the relative inert-
ness of the unactivated aromatic ring towards electrophilic substitution
under the reaction circumstancesS.

To examine the applicability of the imide reductive cyclization method
in a different field, experiments were carried out in the tryptamine series.
Tryptamine is known to condense with 2-pyrrolinones to the 11H-indolo-
[3,2-g]l-indolizine derivative 7 (n=1)6. When 5—ethoxy—2-pyrrolidinone7 was
reacted with tryptamine in acetic acid the 11H-indolo-[3,2-gl-indolizine 1
(n=1) was obtained in 67% yield. The corresponding 6—ethoxy-2—piperidone7

afforded in a similar reaction 12H-indolo-[2,3-al-quinolizine 7 (n=2)8 in

81% yield.
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The latter reaction most probably proceeds via 3,4-dihydro-2(1H)—Pyridinone7;
1 (n=2) being also obtained in comparable yield from the condensation of the
enamide with tryptamine. This method of preparing 7 (n=2) circumvents the

use of the difficultly prepared a-ketoadipic acidg.

Finally the reductive cyclization was applied to the homophthalimide1o§.

The corresponding iso-carbostyril derivative smoothly cyclized to g by re-
fluxing in HCl-methanol in 86% yield; mp.11 250-260° (dec.).

Various other ring closure reactions of compounds containing the
structural elements of the types —gOH—NR—CO— and —gOEt—NR—CO— in the synthes-
is of alkaloidal systems are being currently explored.
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