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TOTAL SYNTHESIS OF (t)-N-ACETYLCOLCHINOL
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Summary: An efficient synthesis of the colchicine degradation product N-acetylcolchinol 3 is described
featuring a thallium(ll1)-mediated intramolecular non-phenolic biary! oxidative coupling reaction of
intermediate 12 as the key step. Both the synthetic sample and that obtained from the degradation of colchicine
were found to exist in solution as a 3:1 mixture of conformational isomers at room temperature.

Current interest in the biological propertties of the Colchicum aikaloids is evidenced by numerous recent reports
concerning the synthesis and pharmacological evaluation of structural analogs of colchicine 1.2-3 An interesting structure
in this regard is the colchicine degradation product N-acetylcolchinol 3, first described by Windaus#2 in 1914.

1 R=Me 3 R1=Ac,R2R3=H

2 R=H 4 R'=Ac,R2=H,R3 =1
§ R1=Ac, R2 = CHpCHoOH, R3 =H
6 R1,R3=H,RZ=Me
Z RY=Ac, R2=Me, R3=H

Degradation proceeds by treatment of colchiceine 2 with hypoiodite producing the ring-contracted iodopheno! 4, which is
then reduced by zinc/acetic acid to give 3.4 The action of basic hydrogen peroxide on colchiceine 240 or hydrogen
peroxide on colchicine 15 leads directly to N-acetylcolchinol 38 Ethylene glycol has been used to mediate the contraction
of the colchicine tropolone ring to afford the glycol ether 5.7 In addition to degradative work from natural colchicine, the
total syntheses of colchinol methy! ether §8 and (-)-N-acetylcolchinol methy! ether 7 have been reported.? This repont
describes the first total synthesis of (1)-N-acetylcolchinol and involves a concise route amenable to structural analogs.
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Our approach centers on the thallium(!ii)-promoted non-phenoclic biary! coupling1° of the protected 1-acetamido-1,3-
diphenylpropane compound 12. We also envisioned key intermediate 12 providing ready access to the corresponding
free phenol 13, an appropriate substrate for phenolic biary! coupling methodology.“ Construction of silylated 1-
acetamido-1,3-diphenylpropane 12 began with the reduction of commercially available acid § to the corresponding
alcohol followed by pyridinium chlorochromate oxidation to aldehyde 9 (80% overall yield from starting acid).'2 Addition of
m-1-butyldimethylsilyloxyphenylmagnesium bromide to aldehyde 9 proceeded smoothly providing alcohol 19 in 96% yield
after acid quench and purification. Introduction of the requisite nitrogen!3 at C-7 was achieved through benzylic azide 11,
formed by the one-pot conversion of alcohol 10 into the corresponding tosylate and subsequent displacement with an
excess of azide ion (81% yileld).
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Successtul reduction of azide 11 was realized only after lengthy exploration of the many methods reported in the
literature.14 Most conditions examined resulted in either recovered starting material or the benzylic cleavage product 14.
This impasse was circumvented by hydrogenolysis of 11 over 5% palladium-on-carbon in the presence of Florisil to
provide the corresponding amine in reproducible yields. Acylation proceeded uneventfully to give 1-acetamido-1,3-
diphenylpropane 12 (50-60% from 11). Without Florisil (believed to limit the amine’s accessibility to the catalyst) the major
product was the reduced compound 14.
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Treatment of a 20:1 v/v trifluoroacetic acid (TFA)Arifluoroacetic anhydride (TFAA) solution of 1-acetamido-1,3-
diphenylpropane 12 (4.0 millimolar) with 1.1 molar equivalents thallium(ill) trifiuoroacetate (TTFA) in the presence of freshly
distilled boron trifluoride etherate (4.5 mVmmol 12) at 0°C for 4 hours resulted in a dark oil which after column
chromatography gave (+)-N-acetyicolchinol 315 as off-white needles in 71% yield. The obvious possibility of initial
desilylation of 12 to the free phenol 13 was addressed to ascertain the nature of the cyclization, i.e., phenolic or non-
phenolic. Desilylation of 12 to phenol 13 using tetra-n-butylammonium fluoride was executed in high yield. Attempts at
ring-closure of 13 using a variety of oxidants (VOCl3, VOF3, Pb{OAc)4, FeClg, TTFA)10.11 resulted in either recovered
starting material or intractable tars. Reaction of protected phenol 12 with non-thallium reagents gave identical results.

Examination of the TH-NMR spectrum of N-acetylcoichinol (CDCly at room temperature) derived both synthetically (from
acid 8) and semi-synthetically (from colchiceine)4b revealed a 3:1 mixture of conformational isomers. Of particular interest
were the doubled resonances corresponding to protons on the acetamide methyl and C-1 methoxyl groups.16.17 Such
atropisomerism has been previously observed in other colchinoids.22.18 The biological effects of colchinoids are thought
to be mediated through their association with tubulin leading to a substoichiometric inhibition of microtubule assembly.
There is evidence which suggests that both colchicine and protein undergo conformational changes when binding
occurs. 19 Our synthetic studies have been directed at defining the requisite conformational and fluxional characteristics of
the colchicine system necessary for high affinity tubulin association. While the route described above results in racemic
material, access to both optical isomers is readily available through enantioselective reduction20 of intermediate ketone
15. The conformational features of additional colchinoid systems will be reported in due course.
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