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Chiral R-branched amines are common substructures of bio-
active synthetic targets. Direct asymmetric amine synthesis by
radical addition to the CdN bond of carbonyl imino derivatives1

holds promise for improved efficiency by introducing the ste-
reogenic center and carbon-carbon bond in one step under mild,
nonbasic conditions. Because related additions of basic organo-
metallic reagents2 often suffer from competing aza-enolization3

or lack of generality and functional group tolerance, an ongoing
search for new stereocontrolled carbon-carbon bond-construction
methods has led to several promising developments,4 including
stereocontrolled intermolecular radical addition.5

We have designed and implemented chiralN-acylhydrazones
from N-amino-4-benzyl-2-oxazolidinone (1) for stereoselective
radical addition incorporating Lewis acid activation6 and restric-
tion of rotamer populations as key design elements.7 In this
approach (Scheme 1), as well as in radical additions by Naito8

and Bertrand,9 secondary and tertiary alkyl iodides were effective,
but additions of primary alkyl radicals have been undermined by
competing ethyl radical addition. We envisioned that new
conditions enabling the use of primary iodides would dramatically

expand the range of potential synthetic applications. We now
disclose such conditions: photolysis of manganese carbonyl
mediates highly stereoselective intermolecular radical addition of
primary alkyl halides toN-acylhydrazones.

We recognized two significant problems interfering with
primary radical addition using existing methods: Less stable 1°
radicals (versus 2° or 3°) might not be sufficiently long-lived to
avoid premature reduction by Bu3SnH, and generation of the
desired radical from a 1° alkyl iodide requires an unfavorable
iodine atom transfer to Et• when using Et3B or Et2Zn as the
initiator without Bu3SnH. Thus, we typically recovered hydrazones
unchanged when attempting the use of primary iodides in the
presence of Bu3SnH, while Et• addition was the major product
in the absence of Bu3SnH. These observations led us to consider
photolytic initiation in the presence of hexamethylditin.10 Unfor-
tunately, these conditions never reached desirable efficiencies for
Et• additions to hydrazone2a (Table 1) in part due to complica-
tions from the use of acetone as a sensitizer.
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Scheme 1

Table 1. Results of Metal-Mediated Radical Addition to
Propionaldehyde Hydrazone2ag

a Irradiation was omitted.b Isolated yields of purified diastereomer
mixtures. R or S denotes the configuration of the new stereogenic center.
Addition of methyl iodide gives S configuration due to the lower priority
of the methyl ligand.c 20 equiv of R2X was used.d 1,8-Diazabicy-
clo[5.4.0]undec-7-ene (DBU) was used in removal of Mn byproducts.
e Ratio by HPLC (Chiralcel OD, 2-PrOH/hexane).f Ratio by1H NMR.
g Reaction conditions: To a deoxygenated solution of InCl3 (2.2 equiv)
and hydrazone2a in CH2Cl2 (0.1 M) was added the mediator and R2X
(10 equiv) followed by irradiation (300 nm, Pyrex) for 1-2 d at ca. 35
°C under N2.
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We were intrigued by the notion that the photolytic Mn-Mn
homolysis of manganese carbonyl [Mn2(CO)10],11 which requires
no sensitizer (λmax 340 nm, σMn-Mn f σ*Mn-Mn), could be
exploited for intermolecular addition of primary alkyl radicals to
CdN bonds. Interestingly, Parsons noted that reaction of•Mn-
(CO)5 with 1° halides was much more facile than with 2° or 3°
halides.12 Furthermore, avoiding the difficult removal of toxic tin
byproducts was attractive.

In a test case of ethyl iodide addition to2a7 (Table 1),
irradiation (300 nm) of2a, EtI (10 equiv), and Mn2(CO)10 (1
equiv) with InCl3 (2.3 equiv) as a Lewis acid13 in CH2Cl2 afforded
37 in 85% yield,14 a dramatic improvement over use of trieth-
ylborane or hexamethylditin. Several other halides, including
methyl iodide and difunctional halides,15 were also effective,
furnishing radical addition products4S, 5R-13R16 with high
diastereomer ratios (Table 1). Products10R, 12R, and13R bear
undisturbed chloride substituents, offering opportunities for further
elaboration. Interestingly, 3-chloro-1-iodopropane led exclusively
to pyrrolidine11R (eq 1), presumably via radical addition and in
situ nonradical cyclization; this constitutes a potentially useful
hybrid radical-ionic annulation.

Ethyl radical addition to nine additional hydrazones2b-2j
(Table 2) occurred in good yields (with the exception of2j). These
adducts4R, 5S-13Sare epimeric to4S, 5R-13R (Table 1) with
respect to the new stereogenic center, demonstrating a useful
feature inherent in this carbon-carbon bond-construction ap-
proach to amine synthesis. The epimeric configuration can be
selected by either (A) employing the enantiomeric auxiliary or
(B) interchanging the roles of R1 and R2 in the alkyl halide and
aldehyde precursors of Scheme 1.17 By combining these two
tactics, the optimal roles of R1 and R2 with respect to yield and
selectivity can be chosen. Such strategic flexibility is not readily
achieved through Strecker, Mannich, or organometallic addition
strategies.

To illustrate its potential in asymmetric amine synthesis, we
applied Mn-mediated radical addition to prepare the piperidine
alkaloid coniine (Scheme 2).18 Although propyl radical addition
to a difunctional hydrazone could be used, interchanging the alkyl

groups in the coupling partners (i.e., R1 and R2 of Scheme 1)
gave superior results. Accordingly, Mn-mediated radical addition
of 4-chlorobutyl iodide to2c furnished14 with high diastereo-
selectivity.19 Cyclization and reductive N-N cleavage20 afforded
R-coniine (four steps from butyraldehyde).21

In summary, manganese carbonyl mediates stereoselective
photolytic radical addition of alkyl iodides to chiralN-acylhy-
drazones with tolerance of additional functionality in both
coupling partners and excellent flexibility for synthetic planning.
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Table 2. Preparation and Mn2(CO)10-Mediated Ethyl Radical
Addition to Aldehyde Hydrazones According to Scheme 1f

a Isolated yield.b Isolated yield of diastereomer mixture.c 1,8-
Diazabicyclo[5.4.0]undec-7-ene (DBU) was used in removal of Mn
byproducts.d Ratio by HPLC.e Ratio by1H NMR. f Reaction conditions
for hydrazone formation: Aldehyde (5-10 equiv),1, p-toluenesulfonic
acid, CH2Cl2, rt. For radical addition conditions see Table 1.

Scheme 2
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