Tetrahedron Letters Vol. 21, pp 3971 - 3974 CO4Cw477/8071008-39718n2.00/0
©Pergamon Press Ltd, 1980, Printed in Great Britain
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Abstract. The total synthesis of the Lunaria alkaloid codonocarpine is described. Regio-

specific formation of the macrocycle is achieved by the use of a properly protected spermidine
unit.

The bark of Codonocarpus australis has afforded the Lunaria alkaloid, codonocarpine (
as a yellow crystalline so]id.] Its structure was deduced by a series of chemical trans-
formations and spectroscopic studies,z

),

1
s

and contains a spermidine unit incorporated into an un-
symmetrical 24-membered lactam. ATthough the synthesis of codonocarpine has not been achieved,
a tetrahydro derivative 2 has been reported.3 The synthesis of 2 was designed {Scheme 1) to
introduce the spermidine unit intact in the last step, a measure which fails to establish the
orientation of the triamine within the macrocycle.
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Retrosynthetic analysis of 1 suggested that such regiochemical control would require
that a properly protected spermidine unit be acylated by a differentially functionalized
biscinnamoyl derivative, e.g. {. The previously reported selectively protected spermidine 3

appeared to be a useful reagent for this goai.  The condensation of 4 and / insures the
BOC ?OC 14
BOC= —C-0—+
HN“(CH2)4 N-(C Hg)s NHz
3
correct regiochemistry in g, the remaining crucial step is the formation of the macrocyclic
Tactam
Synthesis of 7 via the Ulmann synthesis was not successful despite numerous attempts. A

suitably functionalized biphenyl ether £ was eventually prepared utilizing the diaryliodonium
salt method of Beringer. 5 Thus d1pheny11odon1um bromide 4, secured from 4-benzyloxybenzalde-
hyde following the procedure of Doskotch, 2 was coupled with methyl ferulate to afford the
cinnamate 6 in 50% yield. Knoevenagel condensation of 6 with malonic acid gave the trans-
cinnamic aéid derivative { in 96% yield. _

Two procedures were utilized to couple the protected spermidine % with carboxylic acid J.
The activated ester was prepared in 60% yield by sequential treatment of J with oxalyl chlo-
ride and N-hydroxypiperidine. Acylation of % with the activated ester by treatment in tetra-
hydrofuran at room temperature for 14 days afforded 9 in 90% yield. A mere expedient pro-
cedure was to condense the mixed anhydride {isobutyl chloroformate, -10°C, 20 min) with 3 at
-10°C for 10 min to afford a 79% yield of 9. The methyl ester 9 was quantitatively hydro-

lyzed to acid ]0.
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presence of less reactive amines. However, attempts to prepare the N-hydroxypiperidine
ester of 10, by first transforming the acid to an acid chloride using either thionyl chloride
or oxalyl ch]oride with an acid scavenger, resulted in cleavage of the BOC groups. Treatment
of 10 with isobuty! chloroformate afforded a mixed anhydride which could be isolated but did
not readily acylate N-hydroxypiperidine and was unstable to the acid conditions required to
remove the BOC groups. Eventually, thio ester ]1 was secured by treatment of ig with one
equivalent each of thiophenol, dicyclohexylcarbodiimide and pyridine.

Remgval of the BOC groups of 11 with trifluoroacetic acid (methylene chloride, 23°C,
18 min) and concentration of the solvent in vacuo afforded an amine salt which was not iso-
lated. Following the procedure of B]out,7 an anhydrous dimethylformamide solution of the
amine salt was slowly added to pyridine at 90°C to produce a 0.001 M solution. The reaction
mixture was heated an additional 4 hr at 90°C followed by 12 hr at room temperature to afford,
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12 supported by spectral data and ultimately confirmed by its transformation to
codonacavnine and N.0-diacetvlcodonocarnine Rempval of the O-hanzyl avoup of 12 to vield 1
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a) Cu, EtsN, MeOH.  b) malonic ocid, pyr, piperidine. _¢) oxalyl chioride
d) N-hydroxypiperidine. &) 3. f)isobutylchloroformate.  g) KOH, Hz0, MeOH.
) PhSH, pyr, i) TFA, CHzClz. J) DMF, pyr, 90°C. k) TFA or TMS!.
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was achieved either by treatment with trifluoroacetic acid8 for 10 hr or trimethylsilyl
iodide,g generated in situ by reaction of hexamethy]disi]ane]O and iodine. Treatment of
codonacarpine with acetic anhydride gave N,0-diacetylcodonocarpine 13 which was identical in
all respects (NMR, IR, MS, UV, mp, tlc) with a sample provided by Professor Doskotch.]]
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