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THE SYNTHESIS OF HEMILOLINE: 3-AZA-9-OXABRENDANEl

*
S. R. Wilson and R. A. Sawicki

Department of Chemistry, Indiana University, Bloomington, Indiana 47401

A novel synthetic approach2 to the bridged ring system of the lolium alkaloids3 la-d is now

la. TFestucine (Loline) R1=CE;, Ro=H
}'13_. Norloline Ri=Ro=H

lc. Lolinine R3=CHa,Rp=COCHg

3.3. Decorticasine R;=H,R-=COCH-CHz

reported, The synthetic strategy outlined in Scheme I involves transannular addition of a suitable

electrophile to an unsaturated amine, leading to the bridged skeleton. This tricyclic intermediate

E H
07 E+ «—
& H
SCHEME T
contains a leaving group E which in principal could be displaced by an appropriate nitrogen
nucleophile leading to the members of the loline class.
The starting point for this synthesis is the ketone 210 which can be prepared by the method of

13,14

Hoffmannt of I\on'ori.12 Formation of the oxime 3 , (mp 111-112°) proceeds in 81% yield.

Reaction of oxime 3 with p-toluenesulfonyl chloride in pyridine gives tosyl oxime ’415 (mp 98-99°)

in 92% yield. Compound _’:I-_ is remarkably stable compared to closely related tosyl oximes lacking the
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oxygen bridgel6, and can be stored for long periods of time without decomposition. However, 4
undergoes a facile Beckmann rearrangement under mild conditions (KzCOs, H50, THF) affording lac-

tam 577 (mp 153-134°) in 79% yield. Reduction of 5 with lithiun aluminum hydride gives the desired

R
X
NH N
\ Ta. &=
. X= _ T, R=
%, X=NOH 2! on 7. R=I
L. X=NopTs & x=fp 7d. R=HgCl

unsaturated amine 618 as a clear liquid (65%, bp 95-105° at 20 mm, picrate mp 172-174°C). Treat-
19

ment of §_ with bromine in methylene chloride™ results in the transannular cyclization yielding
the bromoalkaloid 11}_20 (99%, HBr salt, mp 162-164°C) which was converted to the free base with
sodium hydroxide (8h% yield). The proposed structure was confirmed by a single crystal X-ray
diffraction experiment on the picrate sal’c.21 Reduction of Zg_ with 1ithium aluminum hydride gave
hemiloline Eaa’ 23, the bridged pyrrolizidine skeleton of the loline group of alkaloids.

The use of other electrophilesl9 has demonstrated selectivity in ring closure. Treatment of
§_ with iodine in methylene chloride yields the cyclized product I'g_ah in good yield (85%, HI salt,
mp 135-140°C, picrate mp 166-169°C). However, reaction of é with mercuric chloride in tetrahydro-
furan yields a salt (99%, mp 157-160°d, C;H1iNOHgCl,) of the starting unsaturated amine §_ and not
cyclized product Ic}_

Attempts to prepare loline itself by direct displacement of the bromine of Zf‘. with methylamine
(CH4CN, 100°) proved very difficult., The reaction is analogous to displacement at C-T in the nor-
25

bornane system which have also proved difficult if not impossible. In addition, electron-
electron repulsion between the lone pair electrons on the bridgehead nitrogen and incoming nuecleo-
phile may make displacement electronically unfavorable as well.
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