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Cyclization of 1-(Carbamoyl)dichloromethyl Radicals
upon Activated Alkenes.
A New Entry to 2-Azabicyclo[3.3.1]Jnonanes
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Abstract. The synthesis of 2-azabicyclo[3.3.1]nonanes using a radical cyclization process as
the piperidine ring-forming step is described. The reaction involves 1-(carbamoyl)-
dichloromethyl radicals which react intramolecularly with simple or activated alkenes, such as
enol acetates or silyl enol ethers. © 1997 Elsevier Science Ltd.

1-(Carbamoyl)dichioromethyl radicals, generated by homolysis of the corresponding
trichloroacetamides, using either hydride reagents or metals (Cu, Ru, Ni), are promising reactive
intermediates which have been used for the synthesis of B-, v, and 8-lactam ring systems.1-3 Despite the
electrophilic character of this radical type, non-activated alkenes or alkenes with an electron-withdrawing
substituent act as radical acceptors in all processes described so far.2® In previous studies,’P.¢ we have
described the radical cyclization of 1-(carbamoyl)dichloromethyl radicals upon alkenes bearing an electron-
withdrawing substituent (CN or CO2Me) to elaborate the piperidine ring of a 2-azabicyclo[3.3.1]Jnonane
nucleus, which has allowed the total synthesis of the heteroyohimban alkaloid Melinonine E.1b

In this communication we describe the usefulness of 1-(carbamoyl)dichloromethyl radicalis in promoting
6-exo cyclizations upon activated alkenes such as enol acetates or silyl enol ethers4 as well as non-activated
alkenes, exemplified by the synthesis of several 2-azabicyclo[3.3.1]nonanes.5 It seems, according to these
and earlier results, that the 1-(carbamoyl)dicloromethy! radical has, as can be expected,® an ambiphilic
character. It acts as a nucleophilic species with electron-poor alkenes, behaving as an equivalent of a B-
aminocarbanion, while, on the other hand, it can also act as an electrophilic species with electron-rich
alkenes, its behaviour being the equivalent of a B-aminocarbocation (synthon with inverted polarity)
{Scheme 1).7
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We first examined the behaviour of N-cyclohexenyltrichloroacetamide 2, prepared from cyclohexanone
1a by means of reduction and dehydration in a 64% overall yield (Scheme 2).8-10 When a solution of 2 in
benzene was treated with (TMS)3SiH and AIBN at reflux temperature, after work-up and chromatography,
azabicyclic lactam 3 was isolated in 66% yield.11 In a similar manner, treatment of enol acetate 4a with
(TMS)3SiH-AIBN under identical reaction conditions, provided morphan 5a, as a single diastereoisomer, with
the same yield.12 Enol acetate 4a was obtained by treatment of cyclohexanone 1a with TsOH and
isopropenyl acetate (62% yield).

From trimethylsilyl enol ether 6a, using the typical experimental procedure with (TMS)3SiH-AIBN,
bicyclic dione 7a was obtained in one step (69% yield).13 The radical precursor 6a was prepared in 86%
yield from cyclohexanone 1a by treatment with trimethylsilyl iodide and hexamethyldisilazane.14 The
formation of 2-azabicyclo[3.3.1]nonane-3,6-dione 7a directly from 6a is noteworthy, since it constitutes an
example of a new synthetic method for the preparation of 1,4-dicarbonyl compounds (i.e. y-ketoamides). We
suggest that the ketone carbonyl group comes from the radical centered at C-6, arising from the cyclization
process, which may capture a chlorine radical from the dichloroacetamide intermediate followed by evolution
of the generated a-chloro silylether.15.16

In order to explore the scope of this cyclization-type in the preparation of more complex compounds (ca
indole alkaloids), we examined the behaviour of the trichloroacetamides 4c and 6b which incorporate a
tryptamine unit. These radical precursors were obtained from 1b1® foliowing the foregoing reactions used for
the a series. Under the reaction conditions used for the formation of enol acetate from indole ketone: 1b,
acetylation upon NH-indole also took place, giving the acetylated indole derivative 4¢ (Scheme 2). After
radical cyclization and the subsequent reductive process, using the same reaction conditions as described
above for the N-benzyl series, azabicyclic systems 5¢ (60%) and 7b (58%) were isolated.

The relative configuration at C-6 in compounds 5a and 5¢ (equatorial acetoxy group) was deduced
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from the muitiplicity (qd, J = 13.5 and 3.5 Hz) of H-7ay (assigned from 2D NMR spectra), which indicates the
axial disposition for the group at C-6. Additionally, the 13C NMR data (Table 1) are in agreement with this
assignment. The preferred formation of these estereoisomers indicates that the hydrogen atom transfer from
the hydride reagent to the a-acetoxy radical intermediate occurs in an axial fashion, the kinetic mode for
such processes in cyclohexyl radicals.1?

Table 1. '3C NMR Chemical Shifts (8) of 2-Azabicyclo[3.3.1]nonanes?
Comp C-1 C-3 C4 C-5 C-6 C-7 C-8 Cc9 CHyPh? Other

3 51.2 1714 377 27.0 31.9 16.6 28.2 321 480

5a 49.9 170.3 315 313 73.3 223 27.6 30.8 48.1 21.2,170.4
Sc 519 170.3  31.6 31.1 73.2 22.1 282 30.6 23.4, 46.5¢.d
7a 50.0 168.3  35.0 442 2107 34.0 299 323 484

7> 52.0 168.1 35.1 44.1 211.1 339 30.4 319 23.6, 47.8¢

2 In CDCI3 (75.5 MHz). Values assigned on the basis of HMQC spectra. b Phenyl ring carbons were found at 127.4 (+
0.3) 127.8 (£ 0.1), 128.6 (£ 0.2), 137.4 (£ 0.3) for 3, 5a and 7a. ¢ Indole ring carbons were found at 116.6, 118.8, 119.7,

122.5, 123.5, 125.3, 130.3, 135.7 for Sc and at 111.2, 113.0, 118.7, 119.4, 121.9, 122.1, 127.4, 136.2 for 7b. 9 OAc
(21.2, 170.4); NAc (24.0, 168.3).

In summary, we have evaluated the reactivity of 1-(carbamoyl)dichloromethyl radicals with
unsubstituted alkenes and alkenes bearing an electron-donating group (OAc, OSiMe3). We have found that
these radicals are able to cyclize upon unsubstituted and electron-rich alkenes, giving the corresponding
azabicyclo derivatives, with the same effectiveness as upon electron-poor acceptors, which we observed in
previous studies.1¢
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Trichloroacetamide 1a was prepared from 4-benzylaminocyclohexanone ethylene acetall® by
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mg, 1.65 mmol) in anhydrous benzene (13 ml) was added (TMS)3SiH (1.68 ml, 5.46 mmol) dropwise,
and the mixture was heated under reflux for 3 h. After the solvent had been evaporated off, the residue
was chromatographed (3% MeOH in CH2Clp) to give 1-benzyl-2-azabicyclo[3.3.1lnonan-3-one (3,
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(1RS,5SR,6S5R)-6-Acetoxy-1-benzyl-2-azabicyclo[3.3.1]nonan-3-one (5a): IR (NaCl) 1731, 1639; H
NMR (CDCl3, COSY) 1.46 (tdd, J = 13, 3.5, 2, | H, H-84x), 1.53 (qd, J = 13.5, 4.5, 1 H, H-7,4), 1.74
(ddd, J =13.5, 5,3, 1 H, H-94p), 1.83 (dm, J = 12, | H, H-7¢¢), 1.86 (dm, J = 12, 1 H, H-8¢q), 1.95
(ddd, J = 135, 7, 3.5, 1 H, H-95y,), 2.05 (s, 3 H, CH3), 2.39 (m, W12 = 13, 1 H, H-5¢q), 2.54 (dd, /=
18.5,7, 1 H, H-4ay), 2.75 (dt, J = 19, 1, | H, H-4¢y), 3.44 (br s, 1 H, H-1¢q). 4.85 (dt, J = 11, 4.5, 1 H,
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H-95yn), 2.13 (m, 1 H, H-8¢¢), 2.28 (dm, J = 15.5, 1 H, H-Teg), 2.41 (ddd, J =16, 13,7, 1 H, H-Tyy),
2.47 (dd,J =17, 1.5, 1 H, H-4¢q), 2.74 (dd, J = 17, 7.5, | H, H-44x), 2.76 (m, 1 H, H-5¢q), 3.59 (m, 1 H,
H-1gg), 4.03 and 5.25 (2 d, J = 15, 2 H, CH2Ph), 7.20-7.30 (m, 5 H, ArH).
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